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Trigeminal neuralgia (TN) is a chronic, episodic facial pain syndrome that can be 
extremely intense, and it occurs within the regions of the face that are innervated 
by the three branches of the trigeminal nerve. Stereotactic radiosurgery (SRS) is the 
least invasive procedure to treat TN. SRS uses narrow photon beams that require 
high spatial resolution techniques for their measurement. The use of radiographic or 
radiochromic films for small-field dosimetry is advantageous because high spatial 
resolution and two-dimensional dose measurements can be performed. Because 
these films have different properties, it is expected that the calculated dose distri-
butions for TN patients will behave differently, depending on the detector used 
for the commissioning of the small photon beams. This work is based on two sets 
of commissioned data: one commissioned with X-OMAT V2 film and one com-
missioned with EBT2 film. The calculated dose distributions for 23 TN patients 
were compared between the commissioning datasets. The variables observed were 
the differences in the half widths of the 35 and 40 Gy isodose lines (related to the 
entrance distance to the brainstem) and the volume of the brainstem that received 
a dose of 12 Gy or more (V12). The results of this comparison showed that there 
were statistically significant differences between the two calculated dose distribu-
tions. The magnitudes of these differences were up to 0.33 mm and 0.38 mm for 
the 35 and 40 Gy isodose lines. The corresponding difference for the V12 was up 
to 2.1 cc. It is clear that these differences may impact the treatment of TN patients, 
and then it must be important to perform this type of analysis when observing com-
plication rates. Clinical reports on irradiation techniques for trigeminal neuralgia 
should consider that different detectors used for commissioning treatment planning 
systems might result in small but significant differences in dose distributions.
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I. IntroduCtIon

Trigeminal neuralgia (TN) is a chronic, episodic facial pain syndrome that occurs in the mandibu-
lar, maxillary, and orbital regions of the face, which are innervated by the three branches of the 
trigeminal nerve.(1) Medical therapy is the first line of treatment. However, the effectiveness of 
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medication decreases over time, and it can produce adverse side effects.(2) Surgical treatments, 
such as microvascular decompression, radiofrequency rhizotomy, glycerol rhizotomy, balloon 
compression, and nerve sectioning, have inherent surgical risks including bleeding, cerebrospinal 
fluid leakage, and infection.(3) Stereotactic radiosurgery (SRS) is the least invasive procedure 
and has been demonstrated to produce significant pain relief with minimal side effects.(2,4-10) 
SRS is an alternative treatment for patients who have failed previous neurosurgical therapy and 
for patients who may not tolerate surgical intervention.(3) Gamma Knife (Elekta, Stockholm, 
Sweden) has been the standard radiosurgery technique for trigeminal neuralgia treatments. This 
technique uses 201 60Co sources to irradiate the trigeminal nerve. In contrast, linear accelerator 
(linac)-based radiosurgery uses multiple arcs to deliver the dose to the isocenter.(11) There are 
three main trigeminal nerve targets that have been or are being used in stereotactic radiosurgery 
for the treatment of TN: the gasserian ganglion, the cisternal nerve just proximal to the gasserian 
ganglion, and the dorsal nerve entry zone adjacent to the pons.(2) Because the target can be as 
small as 2 mm in diameter and the required radiation dose is on the order of 80 Gy,(12) narrow 
photon beams are used. Commonly, the evaluation of the treatment plan of a SRS for TN is 
performed using the isodose lines (IDLs) that encompass the target and organs at risk. Details 
of the criteria for the evaluation of this type of treatment plan are shown in the Methods and 
Materials section A below.

For dosimetry of small photon beams which have lateral electronic disequilibria and steep 
dose gradients in a large portion of the fields, high-resolution measurement techniques are 
required.(13) The greatest challenge in the dosimetry of SRS fields is the correct selection of 
the detector for the commissioning of the small fields.(14) The use of radiographic or radio-
chromic films for small photon beam dosimetry is advantageous because of their high spatial 
resolution and the ability to perform two-dimensional (2D) dose distribution measurements.(15) 
Radiochromic film is particularly attractive because its effective atomic number is close to the 
effective atomic number of water, it is relatively insensitive to ambient light, it is self-developing, 
and it can be immersed in water.(16) In contrast, radiographic film is not tissue equivalent (being 
mostly made of silver halide), it has strong energy dependence, and it cannot be exposed to 
light. The response of radiographic film is a function of developing time, temperature, agitation, 
and developer characteristics.(17) Because of these differences in the films’ properties, there 
may be differences in the dose distributions calculated by a treatment planning system (TPS) 
whose commissioning data are based on this type of film, which in turn would then affect the 
evaluation of a TN SRS treatment plan.

However, radiographic film was widely used for the dosimetry of small photon beams 
approximately ten years ago.(18) At present, many centers around the world may have treated 
TN patients with beam data commissioned with radiographic film. 

The goal of this work is to assess the behavior of the isodose lines and their effect on the 
treatment plan evaluation of a TN radiosurgery by comparing the calculated dose distributions 
based on beam commissioning data acquired with radiographic and radiochromic films for a 
set of patients who underwent SRS for TN. The treatment plans for 23 patients were used in 
this study to compare the dose distributions calculated with the TPS. The beam data used for 
these treatments were originally commissioned with radiographic film. A new set of beam data 
was commissioned with radiochromic film and used by the same TPS to calculate new dose 
distributions for these patients. The resulting dose distributions were compared using the IDLs 
to evaluate the treatment plans.

 
II. MAtErIALS And MEtHodS

A.  Trigeminal neuralgia patient dose distributions
Twenty-three patients with TN underwent SRS with a dedicated linac (Novalis, BrainLAB, 
Feldkirchen, Germany) between September 2004 and September 2009. Table 1 shows the 
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patients’ demographic characteristics. The TPS used for the treatment planning of these patients 
was BrainSCAN v. 5.21 (BrainLAB). The beam commissioning data used for the calculation of 
the dose distributions of these patients were based on radiographic film X-OMAT V2 (Kodak, 
Inc., Rochester, NY). These beam data were acquired in 2001. The TPS allows the use of mul-
tiple sets of commissioned data or “beam data profiles”. The default data profile must be set 
before the clinical treatment plan dose calculation. For the purposes of this work, two beam 
data profiles were defined for each film detector in the TPS: an “X-OMAT-beam-profile” and an 
“EBT2-beam-profile”. All of the patients had computed tomography (CT) images (voxel size 
of 0.7 mm) taken using a CT scanner (Hi-Speed, GE Healthcare, Waukesha, WI) and Siemens 
Somatom Sensation (Siemens AG, Munich, Germany), and several sequences (T2, T1, Fatsat) 
of magnetic resonance images were obtained with a Signa Excite 3T scanner (GE Healthcare). 
The delineated volumes of the brainstem and trigeminal nerve ranged from 2.8 to 25.96 cm3 
and 0.05 to 0.8 cm3, respectively. Variations in brainstem volume were noticeable because the 
clinicians delineated only a small region of the brainstem that is closer to the trigeminal nerve 
to generate a more rigorous percent dose calculation. Noncoplanar arcs numbering between 9 
and 12 were used in the treatments. 

The literature on radiosurgery for TN defines the isocenter position based on the IDL 
touching the brainstem surface in an attempt to limit the radiation dose delivered to the entire  
structure.(19) Thus, the evaluation of a TN radiosurgery plan is based in the entrance distance of 
the IDL into the brainstem. Goss et al.(2) reported that for all of the patients who were prescribed 
90 Gy for the isocenter at the nerve entry zone, the 50% IDL is generally outside of the brainstem 
and the 30% IDL is tangential to the brainstem (i.e., the 45 and 27 Gy IDLs are outside of the 
brainstem and tangential to the brainstem, respectively). Maesawa et al.(4) defined the isocenter 
position such that the 30% IDL touched the pons. Pollock et al.(5) described the 20% IDL as the 
median IDL at the brainstem surface when delivering 90 Gy and the 40% IDL when delivering 
70 Gy. At the University of California at Los Angeles (UCLA), the isocenter was placed with 
the 50% IDL adjacent to the region where the trigeminal nerve enters the brainstem.(19) At our 
institution, treatment plans are prescribed to deliver 85 Gy to the isocenter, and the 47% IDL 
(~ 40 Gy) is 4 mm inside the brainstem.

  
B.  EBT2 film dosimetry
In this study, GAFCHROMIC EBT2 films were used for all of the experimental measurements 
(ISP Corporation, Wayne, NJ). The commissioning of the stereotactic beams was performed 
according to the TPS manufacturer’s specifications.(20) Radiographic commissioning data 
were measured in 2001 using X-OMAT V2 Kodak film following the American Association 
of Physicists in Medicine (AAPM) TG-69 report.(21) 

Table 1. TN patients’ characteristics. 

   No. Patients (%)

 Gender Female 16 (69.5%)
  Male 7 (30.4%)
 
  75 3 (13.04%)
 Dose (Gy) 85 16(69.57%)
  90 4(17.39%)
 
  7.5 16(69.5%)
 Collimator diameter (mm) 6 6(26.1%)
  4 1(4.3%)a

a Not enough patients for statistical analysis.
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B.1 Film processing and analysis 
The films were handled in accordance with the procedures outlined in the American Association 
of Physicists in Medicine (AAPM) TG-55 report(22) and the recommendations proposed by 
Butson,(23) Lynch,(24) and Richley.(25) The sheets of film were cut into 3 × 3 cm2, 6 × 6 cm2, and 
10.1 × 12.7 cm2 pieces 48 hr before irradiation to minimize response changes due to mechanical 
stress. Each piece was marked prior to cutting to preserve the orientation of the film. All of the 
irradiated films were digitized before exposure and 72 hr after exposure to ensure full color 
growth.(26) Film digitization was performed using a flatbed document scanner (Epson Perfection 
V750; US Epson, Long Beach, CA) in transmission mode with all of the postprocessing and 
color management options turned off. The scanner was warmed up for 30 min before digitization 
and was not used for more than 2 hr continuously to avoid lamp and film heating.(24) All the film 
pieces were positioned in the middle of the scanner bed and scanned in landscape orientation. 
A black template was used to ensure the same location on the scanning bed and to minimize 
light source scatter during scanning.(15) The resolution of all of the scans was set at 300 dpi. 
The scanned image data were stored in 48-bit red-green-blue (RGB 16 bits per color channel) 
and saved in the uncompressed tagged image file format (TIFF). The scans were analyzed with 
the red channel only due to the higher sensitivity of the film in the red region of the visible 
spectrum. The analysis was performed using the ImageJ(27) software package. With ImageJ, a 
Wiener filter with a 7 × 7 pixel size was applied to all of the images to reduce the image noise, 
and a scanner background value of 613 was subtracted from the films. The film was processed 
according to the procedures described in the literature.(28,29)

B.2 Film calibration and beam commissioning
A 6 MV photon beam produced by the Novalis linac was used to irradiate a 30 × 30 × 30 cm3 
water phantom (MP3-XS; PTW, Freiburg, Germany) with the films. In all of the measurements, 
3 × 3 cm2 films were used unless otherwise stated. The linac was calibrated such that 1 cGy per 
monitor unit was delivered at 5 cm depth with a 10 × 10 cm2 field size, and the source-to-axis 
distance (SAD) was 100 cm. All of the irradiations were performed perpendicularly to the film 
plane. A perfectly calibrated linac was assumed (i.e., no corrections for daily variations in its 
output were made) (variations < 0.8% on average). The absolute doses were measured following 
the International Atomic Energy Agency (IAEA) TRS 398 formalism(30) in the water phantom 
with a 0.6 cm3 PTW-30013 Farmer ionization chamber calibrated according to a traceable labo-
ratory standard (PTW) with the same film set-up conditions. Film calibration was performed 
by placing the films at a water depth of 5 cm and irradiating them with a 10 × 10 cm2 field size 
covering the dose range 0–700 cGy. The tissue maximum ratios (TMRs), off-axis ratios (OARs), 
and output factors (OFs) were measured using circular collimator projecting fields of 6.0 and 
7.5 mm in diameter at the isocenter. In all of the cases, the jaws were set to a 4 × 4 cm2 field 
size. For each collimator, the TMRs were measured at 0, 2, 4, 6, 8, 10, 12.5, 20, 45, 100, 130, 
160, 190, 220, and 250 mm depths. The OFs and OARs were obtained at depths of 1.5 cm and 
7.5 cm, respectively.(20) The same measurements were performed with a stereotactic diode (SFD; 
IBA Dosimetry, Schwarzenbruck, Germany) and were performed to compare the OF, OAR, and 
TMR measurements to the EBT2 measurements. The calculation of the dose distribution by TPS 
is only affected by the OAR measurements because OFs and TMRs are used only for monitor 
unit (MU) calculations. The TPS used the tabulated TMRs to perform the calculations.

After EBT2 film beam commissioning, an end-to-end test was performed for TPS quality 
assurance. For that purpose, a radiosurgery head phantom (model 605; CIRS, Norfolk, VA) was 
used. A piece of EBT2 film (6 × 6 cm2 ) was placed in the phantom. CT images were obtained 
with a CT scanner (Siemens Somatom Sensation; Siemens) with an image slice spacing of 
0.75 mm. The film received an additional 21 ± 1 mGy due to CT scanning.(31) A treatment plan 
was defined with four arcs spaced using a 6.0 mm collimator to deliver a 6 Gy radiation dose 
to the isocenter. The dose delivered to the radiochromic film was scaled down to avoid film 
overexposure. The dose distribution calculated by the TPS was exported for comparison with 
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the dose distribution measured with the EBT2 film at the head phantom. After irradiation of 
the head phantom, a gamma index analysis(32) was performed using DoseLab v. 4.11 (Mobius 
Medical Systems, Houston, TX) with a criterion of 3%/2 mm. 

C.  Comparison of the calculated dose distributions
Patient dose distributions were calculated using the BrainsScan v.5.21 (BrainLAB) TPS. This 
TPS allows users to calculate the dose distributions of multiple beam datasets. Then, dose 
distributions were calculated for each patient by the TPS using the commissioning beam data 
provided by the X-OMAT V2 radiographic and EBT2 radiochromic film. Both sets of the calcu-
lated dose distributions for each patient were exported for comparison. The metric used for the 
comparison of both calculated dose distributions for each patient was the gamma index criteria 
of 3%/3 mm, 2%/2 mm, and 1%/1 mm using DoseLab. The difference in the half width (this 
difference is equal to the difference in the entrance distance to the brainstem) of the IDLs was 
also used to evaluate visual discrepancies between the dose distributions for each patient. In this 
work, the measured and calculated dose distributions are described according to the following 
regions: flat (100% to 80% IDLs), gradient (80% to 20% IDLs), and outer (< 20% IDLs).

D.  Statistical analysis
Certain parameters obtained from the TPS were chosen to compare how the calculated dose 
distributions may directly affect the observed dose delivered to the brainstem using two differ-
ent sets of beam commissioning data: radiographic and radiochromic film. The first parameter 
was the volume of the brainstem that received a dose greater than or equal to 12 Gy (V12). The 
reported maximum brainstem dose of 12.5 Gy is associated with a low risk (< 5%) of adverse 
effects.(33) In addition, the entrance distances of two IDLs (35 and 40 Gy) into the brainstem were 
estimated by finding the shortest distance between the IDL and the brainstem contour (Fig. 1). 

Fig. 1. The dose distributions for TN. The IDLs of 35 and 40 Gy are shown. Notice the structures of interest involving a 
TN radiosurgery treatment: brainstem and trigeminal nerve. The contouring of the nerve is for isocenter placement only, 
since these treatments do not use the information provided by the dose volume histogram for its evaluation. 
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This procedure was performed for each patient using the commissioning data from both film 
detectors. Finally, the maximum dose received by the brainstem was calculated in the TPS for 
each patient using both commissioning datasets. The data were normally distributed according 
to the Kolmogorov-Smirnov test. The differences in the parameters from each commissioning 
dataset were analyzed with paired t-tests and considered to be significant when p < 0.05. 

 
III. rESuLtS 

A.  Film measurements and comparison with stereotactic diode
A third-order polynomial function was used to fit the film dose-response curve, which resulted 
in a regression coefficient of 0.99. The TMR and OAR values were obtained and compared 
with the beam measurements made with a stereotactic diode (Fig. 2). The OFs measured with 
EBT2 film were 0.742 and 0.809 for the 6.0 and 7.5 circular collimators, respectively. The OFs 
measured with the stereotactic diode were 0.770 and 0.831 for the 6.0 and 7.5 circular collima-
tors, respectively. The EBT2 beam measurements showed good agreement with the stereotactic 
diode measurements within the statistical uncertainties of both detectors. These uncertainties 
were 2.4% and 0.6% for the EBT2 and diode, respectively. These differences can be attributed 
to the diode response dependence on beam energy or to the film higher spatial resolution. 
However, establishing the nature of these differences is beyond the scope of this work, but it 
is necessary to make that clear in future investigations. Comparing the dose calculations of the 
TPS using the EBT2 commissioning dataset and EBT2 direct dose measurements in an end-to-
end test, the gamma analysis showed that 100% of the evaluated pixels passed the 3%/2 mm 
criteria. The mean gamma value was 0.1, indicating good agreement between the calculated 
and measured dose distributions.

B.  Dose distributions comparison
The results of the gamma index comparison showed that all of the patients (23; 100%) passed 
the 3%/3 mm criteria, 22 (95.6%) passed the 2%/2 mm criteria, and only seven (30.4%) passed 
the 1%/1 mm criteria. In Fig. 3, the horizontal and vertical dose profiles show the systematic 
differences between both of the calculated dose distributions. In the flat region and part of the 
gradient region, the calculated dose distribution based on the radiographic commissioning beam 
data showed a “shorter” profile than the profile based on the EBT2 beam data. In contrast, in 
the outer region and part of the gradient region, the profile observation showed the opposite 

Fig. 2. Relative measurements: the tissue maximum ratios and off-axis ratios. For simplicity, the TMR for only 7.5 mm 
circular collimator is shown since TMR values are too close for the collimators used in this work. The presented values 
show a good agreement between the film and diode within statistical uncertainties.
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behavior. An analysis of the same profiles for all of the patients showed that the half widths 
of the profiles for the 35 and 40 Gy IDLs exhibited differences less than or equal to 0.58 and 
0.74 mm, respectively. For these IDLs, the radiographic-based profiles were wider than the 
EBT2-based profiles (see Fig. 3).

C.  Statistical analysis
When comparing the maximum entrance distances estimated for the 35 and 40 Gy isodose curves 
in the brainstem from both commissioning datasets, it was found that the entrance distances were 
smaller when using the radiochromic film dataset. The differences in the maximum entrance 
distances between both datasets for the 35 and 40 Gy IDLs were 0.33 mm (p < 0.0001) and 
0.38 mm (p < 0.0001), respectively. When using the EBT2 commissioning dataset, the V12 
was 6.25% (2.1 cc) lower (p = 0.022) than when using the radiographic commissioning dataset. 
The maximum dose received by the brainstem was not statistically significantly different for 
the two dataset distributions. 

 
IV. dISCuSSIon & ConCLuSIon

For the same set of TN patients, the dose distributions calculated with a commissioning dataset 
provided by X-OMAT V2 radiographic film were compared with the dose distributions calcu-
lated with the dosimetry of EBT2 radiochromic film using the same TPS. The results showed 
systematic differences between the calculated dose distributions based on the commissioning 
beam data for each film detector. The observed differences can be attributed to the radiographic 

Fig. 3. The horizontal and vertical dose profiles of the calculated dose distributions by the TPS. The subfigures are axial 
planes located at isocenter that shows TPS-calculated dose distributions for both sets of dosimetry data (EBT2 and X-Omat). 
The arrows show the direction of the profiles: left–-right (LR) and anterior–posterior (AP). 
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film’s effective atomic number (mainly AgBr) compared to the near tissue equivalence of the 
radiochromic film.(16) Because of the multiple interactions from charged particles generated 
in the films after irradiation, the energy loss tends to be different due to the effective atomic 
number of both films. The stopping power decreases as the effective atomic number increases. 
Thus, the energy and dose deposition on the film vary according to the components of the 
film, causing the difference in dose distributions. Accordingly, EBT2 radiochromic film has a 
lower energy dependence than radiographic film. Although a study such as this cannot prove 
that the commissioning dataset from EBT2 film is closer to the true dose distribution, there are 
statistically significant differences in the usage of X-OMAT V2 radiographic film and EBT2 
radiochromic film, particularly for the 35 and 40 Gy IDL entrance distances into the brainstem 
and the brainstem volumes that receive more than 12 Gy. The magnitudes of these differences 
were found to be less than or equal to the voxel size of the CT volume used for the treatment 
planning. In clinical practice, it seems unlikely that these differences could affect the evalua-
tion of a TN treatment plan based on these IDLs. However, this work showed that there was 
a significant difference (mean of 2.1 cc) between both of the calculated dose distributions 
regarding the V12. It is clear that these differences may impact the treatment of TN patients, 
and then it must be important to perform this type of analysis when observing complication 
rates. Clinical reports on irradiation techniques for trigeminal neuralgia should consider that 
different detectors used for commissioning treatment planning systems might result in small 
but significant differences in dose distributions.
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