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Purpose: Intraoperative electron radiation therapy (IOERT) involves the delivery of a high radiation

dose during tumor resection in a shorter time than other radiation techniques, thus improving local

control of tumors. However, a linear accelerator device is needed to produce the beam safely. Mobile

linear accelerators have been designed as dedicated units that can be moved into the operating room

and deliver radiation in situ. Correct and safe dose delivery is a key concern when using mobile

accelerators. The applicator is commonly fixed to the patient’s bed to ensure that the dose is delivered

to the prescribed location, and the mobile accelerator is moved to dock the applicator to the radiation

beam output (gantry). In a typical clinical set-up, this task is time-consuming because of safety

requirements and the limited degree of freedom of the gantry. The objective of this study was to pre-

sent a navigation solution based on optical tracking for guidance of docking to improve safety and

reduce procedure time.

Method: We used an optical tracker attached to the mobile linear accelerator to track the prescribed

localization of the radiation collimator inside the operating room. Using this information, the inte-

grated navigation system developed computes the movements that the mobile linear accelerator needs

to perform to align the applicator and the radiation gantry and warns the physician if docking is unre-

alizable according to the available degrees of freedom of the mobile linear accelerator. Furthermore,

we coded a software application that connects all the necessary functioning elements and provides a

user interface for the system calibration and the docking guidance.

Result: The system could safeguard against the spatial limitations of the operating room, calculate

the optimal arrangement of the accelerator and reduce the docking time in computer simulations and

experimental setups.

Conclusions: The system could be used to guide docking with any commercial linear accelerator.

We believe that the docking navigator we present is a major contribution to IOERT, where docking is

critical when attempting to reduce surgical time, ensure patient safety and guarantee that the treat-

ment administered follows the radiation oncologist’s prescription. © 2017 American Association of

Physicists in Medicine [https://doi.org/10.1002/mp.12482]
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1. INTRODUCTION

The main techniques for treatment of tumors are radiother-

apy, chemotherapy, and surgery. In many clinical scenarios,

tumor resection is the treatment of choice. However, recur-

rence makes the local control of the tumor a main concern to

ensure patient survival. Intraoperative radiation therapy

(IORT) enables precise application of high-dose radiation to

the tumor bed during surgical resection,1 thus improving

local control of the tumor.2–4 IORT can be delivered using

electrons (intraoperative electron radiotherapy, IOERT),

brachytherapy catheters (high-dose rate IORT, HDR-IORT),2

or soft X-rays (50 kV).5 IOERT, in particular, is able to deli-

ver a higher dose in a shorter time than the other techniques.

However, a linear accelerator device is needed to produce the

beam safely.

The first clinical experiences with IOERTwere carried out

with nondedicated linear accelerators that were commonly

used for external beam radiotherapy (EBRT). The patient had

to be transported to the shielded linear accelerator room

where specifically designed applicators were used to colli-

mate the electron beam toward the tumor bed. However,

patient transfer involved technical and safety concerns that

were overcame with the appearance of commercial mobile

linear accelerators in the late 1990s.

These devices were designed as dedicated units that could

be moved into the OR, thus obviating the need to transfer the

anesthetized patient during surgery. Mobile linear accelera-

tors are compact and operate only in the electron mode (up to

10–12 MeV); therefore, they are safe in terms of protection

from radiation, can be used in almost any existing OR and

can be moved from one OR to another.6 Consequently, the

logistics and setting up of IOERT programs are easier and

cheaper.7,8 Examples of commercial devices include LIAC

(Sordina IORT Technology, Aprilia, Italy), NOVAC-7/11

(Sordina IORT Technology, Aprilia, Italy), and Mobetron

(IntraOp Medical Corp., Sunnyvale, CA, USA).9,10

Safe delivery of the correct dose is a key concern when

using mobile accelerators. The procedure starts with the

placement of the IOERT applicator (collimator) into the sur-

gical area (i.e., inside the patient’s anatomy). The angle, loca-

tion, bevel, and diameter of the applicator are decided by the

radiation oncologist prior to delivery. The applicator is gener-

ally fixed to the patient’s bed, thus ensuring that radiation is

delivered to the prescribed location, and the mobile accelera-

tor is moved to dock the applicator to the radiation beam out-

put (gantry). This task is critical for IOERT procedures11

because the applicator could deviate from its current position

during docking, thus altering the distribution of the dose

delivered. As Beddar and colleagues suggest in,7 “the geo-

metric accuracy of treatment delivery using a mobile unit will

depend solely on the accuracy of the docking.” In a typical

clinical scenario, this task is time-consuming owing to safety

requirements and the limited degrees of freedom (DoF) of the

gantry. To facilitate docking, some commercial devices pro-

vide various DoFs to adapt the beam trajectory to the pre-

scribed applicator location and, optionally, dedicated guiding

systems. Docking techniques can be divided into two main

groups: hard and soft docking.

In hard docking (used, e.g., by the NOVAC-7 and LIAC

systems), the electron applicator is divided into two parts: at

the time of IOERT the upper part is directly connected and

fixed to the gantry of the mobile linear accelerator while the

lower part is placed in contact with the tumor bed to be irra-

diated. Then, the therapist moves the machine toward the

patient (selecting the correct position of the different DoF)

simultaneously aligning and minimizing the distance between

the two components of the applicator. This task is performed

continuously by the therapist for safety reasons to prevent

potential injury to the patient.6 Once this procedure is com-

plete, the two parts are then firmly connected to guarantee the

precise alignment of the radiation beam axis. The time

needed for the whole-docking procedure depends on the

application and can take up to ~15 min.12

In soft docking, the machine is decoupled from the appli-

cator to ensure the patient’s safety in the event of uncon-

trolled movement of the machine. The difficulty then arises

as to how to align the central axis of the linear accelerator

with that of the applicator and set the correct treatment dis-

tance. This requires an optical or mechanical alignment sys-

tem. Many soft-docking systems have been described in the

literature.8,11,13,14 The technique used in Mobetron was evalu-

ated in B€orjk et al11 and Beddar et al.12 In terms of treatment

accuracy, angular displacements were found to be critical for

ensuring dose distribution flatness and symmetry. Further-

more, docking time was slightly reduced to 10 min (mean).

The limited DoFs of the gantry design could increase

docking time. Commercial mobile accelerators are not

isocentric per se,7 thus making docking a cumbersome task

for the operators in the OR. In fact, in some cases, and

because of the limitations of the OR for movement of the

mobile accelerator, some applicator positions/orientations are

unreachable. In these cases, the patient’s bed is usually

moved closer to the mobile unit.

Consequently, new techniques are required to improve the

safety and speed of the docking procedure, reduce surgical

time, and avoid unreachable positions. The oncology depart-

ment at Hospital Gregorio Mara~n�on (Madrid, Spain) per-

forms IOERT regularly in a nondedicated OR using Sordina’s

LIAC [Fig. 1(d)]. The mobile unit has five DoFs: gantry rota-

tion angle, tilt angle, height, translational shift, and wheel

rotation (hard docking). The two-rotation axes of the gantry

intersect at a point outside the collimator axis, thus making

the docking procedure poorly intuitive in many cases. This

limitation increases docking time by up to 15 min depending

on the location of the tumor, even for trained technicians.15

The objective of this work was to present a navigation

solution based on optical tracking for the guidance of dock-

ing that is expected to improve safety and reduce procedure

time. The solution presented tracks the applicator localization

inside the OR, computes the movements that the mobile lin-

ear accelerator should perform to align the applicator and the

radiation gantry and warns the oncologist if the setup is

unreachable by the available DoFs. The navigation system

Medical Physics, 0 (0), xxxx

2 Marinetto et al.: LIAC docking guidance for IOERT 2



was implemented using an in-house software application to

guide the technician during the docking procedure. The

approach feasibility was assessed on simulated cases and

tested on three cases emulating real clinical scenarios, where

docking time was recorded for evaluation purposes.

2. MATERIALS AND METHODS

2.A. Navigation setup and linear accelerator
kinematics

We used the OptiTrack V120:Duo optical tracker (Natu-

ralPoint, OR, USA) [Fig. 1(c)] to track the radiation applica-

tor [Fig. 1(b)]. This system has two cameras embedded in

fixed body that provides the position of the passive retro-

reflective markers, which are small spheres coated with IR-

reflective material from NaturalPoint (7/16’’ hard model16).

The position of the tracked tools is obtained in real time using

the tracker manufacturer’s software.

The IOERT accelerator used in our institution is a LIAC

12 device (Sordina, Aprilia, Italy). We placed the tracker in

the front part of the accelerator [Fig. 1(d), red] to track the

calibration tool [Fig. 1(a)] and the IOERT applicator

[Fig. 1(b)]. The main idea for navigation is to track the treat-

ment applicator localization using the attached rigid body

[Fig. 1(b), green] and estimate the movements of the linear

accelerator toward the applicator localization for a correct

docking.

LIAC 12 has five DoFs (Fig. 2): base shift (Fig. 2, DoF-1),

base rotation (Fig. 2, DoF-2), gantry rotation (Fig. 2, DoF-3),

gantry height (Fig. 2, DoF-4), and gantry tilt (Fig. 2, DoF-5).

When an IOERT procedure is performed, only the mobile unit

[Fig. 2(b)] is moved into the OR during surgery, and the hard-

docking technique is used. Note that the tracker is attached to

the base of the mobile unit [Fig. 1(c)]. Therefore, when the

base is driven, the optical tracker is moved jointly since both

elements are attached together. LIAC can move the complete

mobile unit by shifting and rotating the base [Fig. 2(b), DoF-1

and DoF-2] with no restrictions. However, the gantry’s move-

ments are limited [Fig. 2(c), DoF-(3 to 5)].

The Denavit-Hartenberg (DH) convention17 is widely used

in the literature to describe the kinematics of robotic arms.

FIG. 1. Complete navigation set-up: (a) Calibration tool and associated tracking rigid body, (b) IOERT applicator (lower part) and associated tracking rigid body

(upper part), (c) OptiTrack V120:Duo16, and (d) IOERT applicator and Sordina LIAC with the attached OptiTrack V120:Duo (c) and calibration tool (yellow).
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DH associates each DoF with a single joint, which is defined

by a transformation that depends on a unique parameter (q).

Robotic arms are defined as a chain of joints. Depending on

the joint type (rotation or shift), the parameter (q) that defines

the position of the joint is measured in degrees (rotation) or

meters (shift) with respect to its outset position. To define the

kinematics of a complete chain of joints (i.e., robotic arm),

the DH nomenclature starts from the basis that it is fixed in

space (where the robotic arm is attached) and defines the

associated transformation to the first joint. This transforma-

tion depends on the control parameter (q, rotation or shift)

that characterizes its movement and relates the base and joint

coordinate systems by the transformation Joint1TBase q1ð Þ. The
next joint is then defined by a new transformation that

depends on another unique parameter (q2). This transforma-

tion relates the current and the previous joint coordinate sys-

tems (Joint2TJoint1 q2ð Þ). The process is repeated for each joint

of the robotic arm. Using this notation, the end-joint coordi-

nate system (i.e., robotic arm tip) is related to the base’s coor-

dinate system by the product in (Eq. 1):

JointNTBase qð Þ ¼ P

N

i¼0

N�iTN�1�i qN�i½ � (1)

where JointNTBase qð Þ is the transformation that relates the coor-

dinate system of the base and the robotic arm tip and depends

on the vector of parameters q ¼ q1; . . .; qN½ �., is the number

of total joints, qi the joint parameter (rotation angle/shift) of

the i-th joint and iTi�1 qi½ � relates the joint ið Þ and i� 1ð Þ
coordinate systems when the joint is at the position defined

by i. Note that for qi ¼ 0:0; i 2 1;N½ � (i.e., outset position)

the transformation JointNTBase relates the base coordinate sys-

tem to the robotic arm tip.

In kinematic terms, LIAC can be considered a robotic

arm with 5 degrees of freedom. Following the DH con-

vention, we can describe the accelerator chain using five

joints, one for each DoF. However, the kinematic chain of

the gantry is attached to the base of the mobile unit

[Fig. 2(b)], which is also mobile. To represent this mobil-

ity in DH nomenclature, we added four auxiliary joints as

in Fig. 3 (i.e., Joints 1 to 4). From this DH characteriza-

tion standpoint, the accelerator can perform seven move-

ments to reach the target applicator and complete the

docking process. Using the DH characterization described

above, the location of the gantry with respect to the outset

position is completely defined by the parameters q when

the LIAC is moved for docking.

The LIAC installed in our OR can only be moved over a

2-m2 surface to prevent collisions, owing to the restriction

imposed by the OR ceiling height. This restriction is repre-

sented by the limitation of the movements of the base rotation

to �45� (Joints 1 and 3) and the base shift to �0.3 m (Joints

2 and 4). Note that the maximum distance that the LIAC can

be moved from its outset position is 0.6 m following a

straight path that, combined with the base rotation restriction

(�45�), defines a semicircle of radius 0.6 m, which respect

the 2-m2 restriction. These parameters could be adapted for

any OR with different restrictions.

Once Joints 1–4 are fixed, the gantry’s DoF (Joints 5–7)

restrict the possible docking orientations. Therefore, in a typi-

cal operation, some docking arrangements are not possible
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FIG. 2. LIAC 12 (Sordina, Aprilia, Italy). (a) Control unit. (b) Mobile unit. Degrees of freedom: (DoF-1) base shift, (DoF-2) base rotation, (DoF-3) gantry rota-

tion, (DoF-4) gantry height and (DoF-5) gantry tilt. (c) Gantry movement limits. Shaded: Radiation applicator and remote control. (Images courtesy of Sordina).
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unless the mobile unit or the patient is appropriately reori-

ented. This is one of the main factors increasing docking time

in clinical cases.

2.B. Navigation system calibration

Figure 4 shows all the geometric transformations involved

in the navigation solution. The transformation LIACTG relates

the position of the gantry geometrically with respect to the

accelerator. According to DH parameters, LIACTG (Fig. 4)

depends on the parameters q (Eq. 2).

LIACTG ¼ LIACTG qð Þ (2)

To obtain the transformation TrTLIAC (Fig. 4), which

relates the tracker (Tr) and LIAC accelerator coordinate sys-

tems, a calibration step should be performed prior to naviga-

tion. We used a custom-designed calibration tool attached to

the LIAC gantry [Fig. 1(a)] for this purpose which is local-

ized by the tracker (GTTr).

Before calibration, the LIAC is moved to the outset posi-

tion (qi ¼ 0:0; i 2 1; 7½ �). The calibration process consists of

three acquisitions. First, (1) we gather the localization of the

gantry (GTTr) at the LIAC outset position. Then, (2) we rotate

the gantry (joint 7) from –60° to 60° and record its trajectory.

Finally, (3) we return to the outset position and record the

gantry location while only Joint 5 (gantry height) is moved

from 0 to 0.89 m. For the outset gantry location, we record

1000 samples, whereas for the calibration trajectories of

Joints 7 and 5, we record tracking data at the tracker’s

FIG. 3. Denavit-Hartenberg parameters for the Sordina LIAC 12 device. (a) Defined Joints and movements for the kinematic chain. (b) Table of D-H parameters

(qi) and limits of each joint.

FIG. 4. Pertinent coordinate transformations of the docking navigation setup.
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maximum frame rate by moving the joints at maximum (and

constant) speed.

We then estimate the center of the gantry coordinate sys-

tem in the tracker coordinate system as the mean of the

acquired location samples at the outset position (1). This cen-

tral location populates the last column of the transformation
TrTLIAC (Fig. 4). Orientation is extracted using two trajectory

acquisitions, namely, rotation and height shift of the gantry

(2 & 3). Note that both acquisitions are in perpendicular

planes. The normal vectors to the planes define two axes of

the gantry coordinate system — x and y. The third axis of

rotation (z) is computed based on the cross product following

right-handed geometry notation (x� y ¼ z). Vectors x, y and

z populate the orientation matrix of TrTLIAC . When the cali-

bration process is finished, the transformation TrTLIAC is fully

estimated and can be used to compute the location of the

applicator in the accelerator coordinate system as shown in

(Eq. 3).

ATLIAC ¼ ATTr �
TrTLIAC (3)

2.C. Docking navigation

After a calibration, the proposed navigation set-up is ready

to assist in the docking procedure. First, the applicator

[Fig. 1(b)] is fixed to the tumor bed, and the patient’s bed is

moved closer to the accelerator. The objective of docking is

to move the LIAC (q) to fulfill the condition of (Eq. 5),

where the applicator and gantry coordinate systems are

coinciding.

ATLIAC � GTLIAC qð Þ (4)

In mathematical terms, docking can be written as a mini-

mization problem (Eq. 5) using the navigation set-up pro-

posed, as follows:

q ¼ q1; q2; q3; q4; q5; q6; q7½ �

min
q

k ATLIAC � GTLIAC qð Þ kMsuch as qi 2

mini;maxi½ �; i 2 1; 7½ �

(5)

where q are the accelerator moving parameters,

mini;maxi½ � the limits of parameter qi (Table I) and M a met-

ric that measures the transformation differences.

Solving the inverse kinematics problem of Eq. 5 produces

the optimal docking accelerator parameters (q) to align the

LIAC’s gantry and the radiation applicator under safe condi-

tions, including speed constraints and restricted to the colli-

sion-free area of the OR. We used the L2 norm as the metric

(M) and the Sequential Least SQuares Programming

optimization algorithm (SLSQP) to estimate the docking

parameters.18

Given the limits of the accelerator DoF, the solution to

Eq. 5 could not produce an ideal match (i.e., Eq. 4). To quan-

tify the docking error of the solution, we estimated position

and rotation error of the given solution. The position error

measures the Euclidean distance of the solution and the cur-

rent applicator position at the center of the applicator bevel.

The rotation error measures the difference in the angle on

the applicator longitudinal axis. Before the docking proce-

dure, these parameters are given to the radiation oncologist

for assessment. Hence, providing the oncologist with valu-

able information prior to the docking procedure that could

save time if estimated errors are not considered adequate for

the procedure. If the errors are too large, the physician could

decide in advance to re-orient the patient’s bed differently

and estimate new docking parameters with a lower error (bet-

ter accuracy).

2.D. Navigation software

We integrated the navigation system into a software appli-

cation that connects all the necessary elements and provides a

user interface. This integration was implemented using the

TREK surgical navigation platform19,20 using the BiiGOpti-

track library21 to interface with the tracker and collect the

tracking information.

The application developed has two main tabs, namely, cal-

ibration [Fig. 5(a)] — to follow the steps described in Sec-

tion 2.B and guidance [Fig. 5(b)] — to guide the docking

procedure. Once the oncologist has defined the site of treat-

ment for the applicator, the optimal docking parameters (q)

are estimated and shown in the user interface [Fig. 5(b),

Objective column].

2.E. Evaluation of docking navigation

We measured the docking time for standard clinical

IOERT treatments over 1 month in our dedicated OR. Specif-

ically, we measured the time interval between when the appli-

cator is fixed to the patient’s bed until final docking.

Furthermore, we assessed the accuracy of the docking

in terms of position and rotational error in a computer

simulation-based evaluation. In each simulated docking

problem (N = 4000), the applicator was randomly posi-

tioned 2 m away from the LIAC into a 0.5 9 0.4 m rect-

angle and rotated �50� from the vertical axis in random

direction. We used the developed system to solve the path,

TABLE I. Docking time at Hospital General Universitario Gregorio Mara~N�On

(Madrid, Spain) for different cases and locations.

Localization Docking time

Rectum 05:50 min

Rectum 05:20 min

Rectum 05:40 min

Right breast 09:40 min

Left breast 06:30 min

Rectum 06:00 min

Right breast 18:00 mina

Testicles 08:00 min

Right breast 13:00 mina

Mean 8:26 min

aCases considered extremely time-consuming.
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measured position and rotational error and estimated the

docking time using the maximum motor speed for each

DoF of the machine. To take into account unreachable

docking arrangements, we considered only cases with

position and rotational errors below 1 mm and 0.1°,

respectively.

In addition, we ran an experimental setup using the navi-

gation software in the OR in which we emulated three clinical

cases (left breast, right breast and rectal cancer). The applica-

tor was positioned based on the experience of a qualified

radiotherapist. We calibrated the system following the work-

flow described above and estimated the docking parameters

using the software application. A skilled IOERT technician

controlled the accelerator movements following the devel-

oped navigation system instructions with no other guidance,

and a clinician evaluated the suitability of docking. On each

experimental setup, we measured the docking time for assess-

ment purposes.

3. RESULTS

Table I shows the docking times recorded in the OR for

IOERT procedures over 1 month at Hospital General Univer-

sitario Gregorio Mara~n�on (Madrid, Spain). As we can see,

the mean time of 8:26 min shows that docking is a time-con-

suming task. According to the physicians, longest cases,

which are right breast interventions, are particularly compli-

cated owing to the spatial limitations of the OR (Table I,

red). Such cases often lead to unreachable docking arrange-

ments by the accelerator, with the result that the patient must

be moved closer or even reoriented, thus increasing docking

time considerably (see Table I).

Table II shows the docking time for the three simulated

cases. Using our navigation system, the maximum docking

time was below 5 min, which is shorter than all the clinical

cases recorded in Table I. In one case (right breast, Table II),

the estimated docking rotational error was too large (>15�

applicator axis) owing to an unreachable orientation. This

case was recalculated using our software after moving the

patient (and the fixed applicator) closer to the accelerator. For

all the experimental cases, the docking parameters were esti-

mated correctly, and the technician performed the docking

using the navigation pane with no major issues.

Regarding the simulation-based assessment, the results

showed a 25.55% of unreachable docking arrangements

which demonstrates the high probability of facing this prob-

lem in a real scenario. This could lead to the repetition of the

docking process, hence extending surgical time. The naviga-

tion system provides the estimated error prior to the actual

docking task, enabling the clinicians to arrange the patient to

a new position before repeating the calculation of the docking

parameters. For the reachable simulated cases, we found a

position error of 0.0023 � 0.0373 mm (mean � std.), a

rotational error of 6.77 10�5 � 230.53 10�5 degrees

FIG. 5. IOERT LIAC docking navigation application. (a) Calibration interface, (b) Docking navigation panel showing the docking parameters (shaded) and (c)

3D model of LIAC and target applicator position showing the docking set-up.

TABLE II. Docking time for simulated clinical cases using the navigation

system.

Localization Docking time

Rectum 03:20 min

Right breast 04:10 min

Left breast 03:30 min

Mean 3:40 min

Medical Physics, 0 (0), xxxx
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(mean � std.), and an estimated docking time of 2.3 � 0.4

min (mean � std.).

4. DISCUSSION AND CONCLUSIONS

We present a navigation solution based on optical tracking

as a guide for docking that improves safety and reduces pro-

cedure time. To our knowledge, this is the first docking navi-

gation system for mobile linear accelerators. Our solution,

which can track the applicator location inside the OR, com-

putes the movements needed for the LIAC mobile unit to cor-

rectly align the applicator and the radiation gantry. In case the

set-up is unreachable because of DoF limitations, the system

can notify the user to save procedure time, thus improving

performance of IOERT. Note that it can also be applied to

other linear accelerators or even for soft-docking guidance.

However, it requires specific tracking tools and a previous

system calibration.

The presented docking navigator could be built

together with the mobile accelerator unit to reduce cali-

bration time and be adapted to any specific movement

limitations in the OR. This paper presents a proof of con-

cept to demonstrate the feasibility of using an optical

tracker to guide the docking task. A key limitation of this

system is the user’s reliance on the control of the acceler-

ator’s DoF. The movements of the mobile unit are not

controlled by stepper motors. Hence, they cannot reliably

locate the mobile unit arrangement. Nevertheless, our sys-

tem allows estimating the docking parameters at any time,

even after performing some of the movements, which may

overcome this limitation. Our simulation results showed

an estimated docking time of 2.3 min. However, during

real experimental setups, docking time was increased

~1 min (Table II) that could be partially due to the named

limitation. Introducing stepper motors or encoders for

feedback on linear and angular position could solve this

problem, since placement of the mobile unit would be

used by the navigation system to guide the user toward

optimal estimates of rotations and shifts. Also, note that

our system facilitates the docking task, however, the surgi-

cal team is expected to avoid collisions with the patient

for safety reasons.

The presented docking guidance system complements

the previously presented IOERT navigation solution.22–24 In

fact, both solutions could be connected to the IOERT treat-

ment planning system, thus improving automation of

IOERT procedures. Such an approach could overcome

human data transmission errors and make it possible to

monitor potential mistakes in human actions (risk factors

previously identified in25), thus improving quality control

in these interventions.

The system we present safeguards against OR limitations

(ceiling), calculates the optimal DoF arrangement of the

accelerator and reduces docking time. These benefits, which

are shown in our results, have encouraged us to confirm them

through further study in clinical cases in the near future. We

think that the docking navigator we present is an important

contribution to the IOERT community, where docking is crit-

ical for reducing surgical time, ensuring patient safety and

guaranteeing that the treatment administered follows the pre-

scription of the radiotherapist.
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