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Abstract 

Introduction: Prostate cancer is a leading malignancy among men, with radiotherapy (RT) serving as a cornerstone of curative 

treatment. The precision of external beam radiotherapy (EBRT) is challenged by prostate motion caused by bladder and rectal 

filling variations, leading to inter- and intra-fraction positional uncertainties. Advanced image-guided radiotherapy (IGRT) and 

motion management technologies can mitigate these uncertainties; however, their implementation in low- and middle-income 

countries (LMICs) such as India remains inconsistent due to infrastructure, training, and resource limitations. Radiation 

therapists (RTTs) play a critical role in accurate patient setup, imaging, and on-treatment verification, yet their perspectives on 

motion management in prostate radiotherapy are underrepresented in literature. This study aimed to evaluate current RTT 

practices, challenges, and training needs in India. Materials and Methods: A descriptive, cross-sectional, questionnaire-based 

survey was conducted over 60 days among RTTs treating prostate cancer with EBRT in India. The online survey, developed 

through literature review and expert consultation, included 15 mandatory questions across seven domains: demographics, 

institutional profiles, clinical load, techniques in use, workflow impact, technical challenges, and training preferences. Purposive 

sampling recruited participants via professional networks, email, and social media. Responses from 202 RTTs were analyzed 

using descriptive statistics in Microsoft Excel. Results: Daily cone-beam computed tomography (CBCT) was the most widely 

adopted motion management method (84.7%), followed by respiratory position management (15.8%), surface-guided 

radiotherapy (15.8%), and real-time tracking (9.4%). Notably, 40.6% reported no dedicated motion management technique. The 

most common challenges were inconsistent bladder/rectum filling (64.4%), time constraints (34.2%), patient discomfort 

(24.3%), and technology limitations (14.9%). Motion management increased setup times by 6-15 minutes in 49.5% of cases, with 

16.3% of RTTs reporting reduced patient throughput. While 66.9% agreed that current strategies reduce setup uncertainties, 

responses revealed variability in practice and technology access. Training needs were substantial, with workshops (55.4%), 

SOP/guideline updates (46.5%), and online modules (34.2%) most preferred. Private institutions accounted for 81.2% of 

responses, reflecting disparities between urban and rural access to technology. Conclusions: This nationwide survey highlights 

widespread adoption of CBCT-based IGRT in Indian prostate cancer radiotherapy but also reveals significant gaps in advanced 

motion tracking, workflow optimization, and standardized patient preparation protocols. Addressing these limitations through 

national guidelines, equitable technology distribution, and RTT-focused education is essential for consistent, high-quality motion 

management. Investment in training, patient education, and infrastructure will be critical to bridging practice variability and 

improving treatment precision across diverse healthcare settings. 
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1. Introduction 

Prostate cancer remains one of the most frequently diag-

nosed malignancies among men worldwide, with its incidence 

steadily increasing in developing countries such as India [1]. 

Radiotherapy plays a pivotal role in the definitive manage-

ment of localized and locally advanced prostate cancer, of-

fering both curative intent and organ preservation [2]. The 

clinical success of external beam radiotherapy (EBRT), 

however, is highly dependent on the precision of dose delivery. 

This precision is often compromised by the natural movement 

of the prostate gland during and between treatment sessions 

[3]. The displacement of the prostate is largely driven by 

physiological fluctuations in bladder and rectal filling, leading 

to inter-fractional and intra-fractional positional uncertainties 

[4]. Studies have shown a tendency for the prostate to shift 

posteriorly and inferiorly following initial setup, primarily 

due to variations in bladder and rectal distension. Moreover, 

intra-fraction motion can occur unpredictably and varies be-

tween patients and treatment fractions, making real-time 

monitoring crucial for minimizing geometric and dosimetric 

errors [5-10]. 

To mitigate such uncertainties, various motion management 

techniques have been adopted [11, 12]. In linear accelera-

tor-based treatment settings, kilovoltage (kV) planar imaging 

and volumetric CBCT, often used in conjunction with fiducial 

markers, remain standard practices [13, 14]. These imaging 

techniques help detect positional deviations of more than 5 

mm, which could otherwise result in geographic miss and 

unintentional irradiation of adjacent organs-at-risk (OARs), 

including the rectum and bladder [15]. With the evolution of 

high-precision techniques such as Intensity-Modulated Radi-

ation Therapy (IMRT) and Stereotactic Body Radiation 

Therapy (SBRT), motion management has become even more 

critical [16]. Technologies including image-guided radio-

therapy (IGRT), surface-guided radiation therapy (SGRT), 

electromagnetic transponders, and real-time tracking systems 

have shown potential in enhancing targeting precision and 

minimizing treatment margins [17, 18]. Despite these ad-

vancements, access and implementation remain inconsistent, 

especially in low- and middle-income countries like India, 

where limitations in equipment, training, and staffing often 

create practice variability [19, 20]. A core radiation oncology 

team consists of Radiation oncologists (RO), Medical Physi-

cists (MP) and Radiation therapists (RTT) among other staff. 

Radiation therapists (RTT), who are responsible for patient 

setup, imaging, and on-treatment verification, play a key role 

in ensuring motion management accuracy [21]. However, 

their practical experiences and operational challenges are 

underreported in the literature [22, 23]. 

This study aims to evaluate current practices, challenges, 

and training needs of Indian RTTs in prostate motion man-

agement to inform future policy, practice standardization, and 

education. 

2. Materials and Methods 

2.1. Study Design 

This research was conducted as a descriptive, 

cross-sectional, questionnaire-based survey study aimed at 

exploring current practices, challenges, and perceived effec-

tiveness of motion management techniques used by RTTs in 

the definitive radiotherapy treatment of prostate cancer across 

India for a duration of sixty days. The conceptual framework 

was built upon a need to document applications of motion 

mitigation strategies, levels of expertise, and systemic barriers 

within Indian radiation oncology facilities. The methodology 

was designed to ensure structured data collection from prac-

ticing RTT professionals, using quantitative and qualitative 

inputs via a structured online questionnaire. 

2.2. Development of the Survey 

The survey questionnaires were developed using Google 

Forms and consisted of a total of 15 structured questions, are 

presented in Table S1. The formulation of these questions was 

formed by a comprehensive literature review on motion 

management in prostate radiotherapy, along with expert 

consultations involving clinical oncologists, medical physi-

cists, and senior radiation therapists. The survey questions 

were categorized into the seven following major sections. 

1) Demographics and Institutional Profiles 

2) Clinical Load and Techniques in Use 

3) Time Impact and Workflow Efficiency 

4) Common Technical Challenges 

5) Setup and Imaging Issues 

6) Perception of Motion Management Effectiveness 

7) Training and Support Needs 

All questions were marked as mandatory to ensure com-

pleteness of each response and to minimize missing data 
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during analysis. The questionnaire comprised multiple-choice, 

Likert-scale, and checkbox-style responses, as well as a few 

short-answer questions to gather contextual qualitative in-

sights. A comprehensive summary of the entire question bank 

can be found in Table S1. 

2.3. Target Population and Inclusion Criteria 

The target population for this study included RTTs cur-

rently practicing in India, with experience in the treatment of 

prostate cancer using external beam radiotherapy. 

2.4. Sampling Method 

A non-probability purposive sampling technique was em-

ployed to recruit participants. The survey link was distributed 

electronically through professional networks, email lists, 

national radiation therapy whatsapp groups, and social media 

platforms such as LinkedIn. The link remained open for re-

sponses for a period of sixty days, ensuring sufficient time for 

dissemination and participation. During the recruitment phase, 

the invitation clearly stated the objective of the study, volun-

tary nature of participation, assurance of confidentiality, and 

the estimated time commitment (5 minutes). 

2.5. Data Collection and Management 

Responses were collected anonymously via Google Forms 

and were automatically compiled into a secure spreadsheet in 

real-time. Upon closure of the form, all raw data were re-

viewed for completeness and consistency. In total, 202 com-

plete and validated responses were obtained. No partial sub-

missions were included in the final analysis, as the survey 

platform enforced completion of all required fields. 

2.6. Data Analysis 

Data analysis was conducted using Microsoft Excel. De-

scriptive statistics such as frequencies, percentages, and 

measures of central tendency were used to summarize re-

sponses. Multiple-response and checkbox data were tallied to 

reflect the percentage of therapists endorsing each category. 

 
Figure 1. Years of professional experience among radiation therapists (n = 202). The majority reported 2–5 years (34.5%) and over 10 years 

(30.2%) of experience, with fewer indicating less than 1 year or 6–10 years in the field. 

 
Figure 2. Type of healthcare facility where respondents are employed (n = 202). Most (81.2%) work in private sector institutions, while only 

18.8% are affiliated with government hospitals. 
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Figure 3. Geographical distribution of survey respondents (n = 202), 

categorized by Indian zones. The West region contributed the highest 

number of responses (38.8%), followed by East (20.3%), North 

(19.3%), South (14.4%), and Central (7.2%). 

3. Results 

Demographics and Institutional Profiles: A total of 202 ra-

diation therapists (RTTs) from a wide range of clinical settings 

across India participated in the survey, aiming to capture 

current practices and perspectives in definitive prostate cancer 

motion management. Demographic and institutional charac-

teristics, corresponding to Questions 1-4, are presented in 

Table S1.A substantial proportion of participants reported 

over 10 years of clinical experience (34.2%), followed by 2-5 

years (30.2%), 6-10 years (18.3%), and less than 2 years 

(17.3%), indicating a well-distributed respondent profile with 

strong representation from mid-career and senior RTTs (Fig-

ure 1). 

Regarding workplace type, the majority (81.2%) were em-

ployed in private healthcare institutions, with 12.4% from 

government hospitals, and the remainder from charitable or 

other settings (Figure 2). Geographic representation spanned 

over 40 cities, including metropolitan hubs (e.g., Mumbai, 

Delhi, Kolkata) and smaller regional centers (e.g., Silchar, 

Bhuj), suggesting considerable diversity in clinical exposure 

and infrastructure. This breadth of representation reflects 

varying access to technology, training, and motion manage-

ment protocols across urban and semi-urban regions (Figure 

3). An aggregated summary is provided in Table S2. 

Clinical Load and Techniques in Use: Responses to Ques-

tions 5-7 evaluated institutional patient volume and technique 

utilization. As shown in Table S3, 51% of respondents indi-

cated their centers treat more than 15 prostate cancer patients 

per month, while 9.4% treat fewer than 5 patients/month. 

These findings illustrate a wide variation in patient load, with 

many centers managing a high clinical throughput, potentially 

influencing imaging strategies and motion verification prac-

tices (Figure 4). 

In terms of motion management techniques, the most 

commonly reported approach was daily CBCT (30.7%), fol-

lowed by RPM and SGRT (15.8% each), and real-time 

tracking (9.4%). Alarmingly, 40.6% of respondents indicated 

that no specific motion management technique was employed 

(Figure 5). These findings highlight a growing reliance on 

image-guided radiotherapy (IGRT) practices while also 

pointing to the underutilization of advanced real-time motion 

tracking systems, likely due to infrastructural or training 

constraints. 

Time Impact and Workflow Efficiency: Questions 8-10 

assessed the impact of motion management on imaging fre-

quency, treatment time, and workflow disruptions, summa-

rized in Table S4. An overwhelming majority (84.7%) re-

ported the use of daily CBCT for setup verification, with only 

a minority practicing alternate-day (8%) or thrice-weekly 

imaging (6%). A small subset indicated no imaging prior to 

treatment, raising concerns regarding motion uncertainty 

(Figure 6). 

 
Figure 4. Monthly caseload of prostate cancer patients treated across surveyed centres (n = 202). Over half (51.9%) reported managing 0–5 

patients monthly, while 28.7% managed 6–10 patients. A smaller proportion handled higher volumes (11–15 and ≥15 patients). 
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Figure 5. Motion management techniques employed for prostate cancer radiotherapy across centres (n = 202). Surface Guided Radiation 

Therapy (SGRT) and rectal filling/bladder control were the most commonly used techniques. A minority reported use of daily motion man-

agement with fiducial markers or transperineal ultrasound. 

 
Figure 6. Distribution of daily imaging frequencies for treatment among participating centres (n = 202). The majority (84.7%) reported daily 

Cone Beam CT (CBCT), followed by imaging on alternate days (red), weekly (orange), and other intervals. 

 
Figure 7. Average additional time per patient added to the workflow due to prostate motion management techniques (n = 202). The most 

common response was 6–10 minutes (27.7%), followed by more than 15 minutes (22.3%), 11–15 minutes (21.8%), 0–5 minutes (15.8%), and 

not applicable (12.4%). This reflects the clinical time burden introduced by motion management strategies in prostate radiotherapy. 

When asked about additional time required per patient, 27.7% 

estimated 6-10 minutes, while 21.8% reported 11-15 minutes. 

Notably, 22.3% marked this question as not applicable, sug-

gesting non-implementation or minimal workflow impact 

(Figure 7). In total, 65.3% of respondents acknowledged 

increased treatment time, underscoring the need for workflow 
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optimization. 

Regarding operational challenges, 41.1% reported equip-

ment or setup-related issues rarely, while 28.7% encountered 

them occasionally, and 9.4% frequently. Only 4% reported 

such issues consistently, indicating general stability with 

room for technical refinement (Figure 8). 

 
Figure 8. Frequency of setup or equipment-related issues encountered while managing prostate motion (n = 202). The majority reported 

encountering such issues rarely (41.1%), followed by occasionally (28.7%), frequently (16.8%), not applicable (9.4%), and almost always 

(4.0%). These findings highlight variability in technological and procedural challenges. 

 
Figure 9. Workflow challenges encountered in prostate motion management (n = 202). Inconsistent bladder or rectum filling was most re-

ported (64.1%), followed by time constraints (34.5%) and patient discomfort (34.3%). Other concerns included technology limitations and staff 

workload. 

Common Technical Challenges: Questions 11 and 12 fo-

cused on common technical challenges and RTT perceptions 

of motion management effectiveness, as detailed in Table S5. 

The most frequently reported challenge was inconsistent 

bladder/rectum filling (64.4%), followed by time constraints 

(34.2%), patient discomfort (24.3%), and technology limita-

tions (14.9%). Less frequently cited issues included complex 

setup (13.4%), lack of training (6.9%), and communication 

barriers (4%) (Figure 9). These findings emphasize the need 

for robust patient preparation protocols and streamlined 

workflows. 

Regarding perceived effectiveness, 43.6% of RTTs agreed 

and 23.3% strongly agreed that current motion management 

techniques reduce prostate motion uncertainties. Only a small 

fraction disagreed (1.5%) or strongly disagreed (0.5%). Ap-

proximately 19.8% remained neutral, and 10.9% marked “not 

applicable,” indicating varying degrees of exposure and con-

fidence (Figure 10). 
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Figure 10. Perceptions of the effectiveness of motion management techniques in reducing prostate motion uncertainties (n = 202). Responses 

varied by centre and technique applied. 

 
Figure 11. Frequency of repeat setup or imaging necessitated by patient preparation issues (n = 202). Most respondents (69.8%) experienced 

such issues “sometimes,” while 18.3% experienced them “rarely.” Equal proportions (6.9%) reported “often” or “always. 

Setup and Imaging Issues: Question 13 examined the fre-

quency of repeat setups due to inadequate patient preparation 

(Table S1, Figure 11). A significant portion (63.9%) reported 

that such occurrences happen “sometimes”, while 18.3% 

indicated “rarely”. Alarmingly, 17.8% of respondents re-

ported frequent or constant repeat setups, highlighting the 

need for enhanced patient education and standardized blad-

der/bowel protocols. 

 
Figure 12. Impact of prostate motion management on daily patient throughput (n = 202). Responses were varied, with 33.9% indicating no 

impact, 22.3% reporting slight reductions, and 14.4% reporting no impact. A smaller proportion noted significant reductions (10.9%) or 

moderate effects (12.4%). 
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Figure 13. Preferred types of training or support identified by respondents (n = 202) to enhance proficiency in prostate motion management. 

Workshop-based learning was most preferred (35.6%), followed by SOP/guideline updates (31.6%), online modules (27.3%), and manufac-

turer-led demos (23.8%). Multiple responses were allowed. 

Perception of Motion Management Effectiveness: In 

Question 14, RTTs assessed the impact of motion manage-

ment on daily treatment throughput. While 23.8%marked this 

as “Not Applicable”, 22.3% indicated a slight reduction, and 

10.9% reported a significant reduction. Interestingly, 12.4% 

believed it increased workflow efficiency, while 14.4% saw 

no impact. The diversity in responses (Figure 12) likely re-

flects heterogeneity in institutional resources, staff training, 

and workflow design. 

Training and Support Needs: The final section (Q15) ad-

dressed training and support needs, with results displayed in 

Table S6 and (Figure 13). The most preferred mode of support 

was workshops (55.4%), followed by SOP/guideline updates 

(46.5%), online modules (34.2%), peer-learning sessions 

(33.7%), and manufacturer-led demonstrations (23.8%). Only 

14.9% of RTTs found these options not applicable, indicating 

widespread interest in structured training. 

These findings underline a significant demand for contin-

uous professional development, hands-on learning, and reg-

ular updates to institutional protocols to support effective 

prostate motion management. 

4. Discussion 

The mobility of the prostate gland, influenced by bladder 

and rectal filling, anatomical variability, and internal organ 

motion, continues to present a major challenge in achieving 

precision during radiotherapy for prostate cancer. This na-

tionwide survey of 202 Indian radiation therapists (RTTs) 

provides valuable insights into the current clinical landscape, 

highlighting trends in motion management techniques, asso-

ciated workflow challenges, and training needs, particularly in 

resource-diverse healthcare environments. 

Daily cone-beam computed tomography (CBCT) was re-

ported as the most widely adopted motion verification method, 

with 84.7% of RTTs utilizing it routinely. This is in alignment 

with international guidelines and literature supporting the 

routine use of CBCT for enhancing setup accuracy and re-

ducing geographic miss in prostate radiotherapy [24, 25]. 

Studies have demonstrated that daily image guidance im-

proves treatment precision and contributes to better target 

localization and reduced margins, especially in the context of 

interfraction motion [26]. 

However, the adoption of more advanced motion man-

agement technologies such as real-time intrafraction moni-

toring systems (e.g., electromagnetic transponders like Ca-

lypso) remains limited, reported by fewer than 10% of re-

spondents. Similar trends were noted in international surveys, 

particularly in low- and middle-income countries (LMICs), 

where cost, maintenance, and training requirements act as 

significant barriers [27, 28]. Likewise, surface-guided radia-

tion therapy (SGRT) and respiratory gating were adopted in 

fewer than 16% of Indian centers surveyed. While respiratory 

motion has a limited impact on prostate position, the low 

uptake of these technologies could also reflect infrastructural 

limitations and prioritization of CBCT-based solutions, as 

seen in other resource-constrained settings [29]. 

The survey also sheds light on workflow implications as-

sociated with motion management. Approximately 65% of 

RTTs reported additional setup times ranging from 6 to 15 

minutes. These findings are consistent with international 

reports indicating that advanced motion verification methods 

can lead to increased treatment time and operational strain 

[30]. Notably, 16.3% of participants reported reduced patient 

throughput, highlighting the balance between precision and 

efficiency that departments must navigate. This reinforces the 

need for optimized imaging protocols, automation, and ef-

fective scheduling to maintain clinical throughput without 

compromising treatment quality. 

Inconsistent bladder and rectal filling emerged as the most 

common challenge (64.4%), echoing evidence that prostate 

position can vary significantly due to internal organ motion 

and gas-induced displacement [31]. Such anatomical incon-
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sistencies have been shown to compromise reproducibility, 

particularly when image guidance is inconsistently applied or 

when patient preparation protocols are lacking. Over 70% of 

respondents reported the need for repeat imaging or setup, 

underscoring the critical role of standardized bowel and 

bladder protocols, patient education, and pre-treatment blad-

der volume checks [32]. 

Despite these efforts, only 43.6% of RTTs agreed that cur-

rent motion management strategies are effective in reducing 

setup uncertainties, while over 30% remained neutral or dis-

agreed. This divergence in perception may be attributed to 

inconsistent institutional protocols, limited access to ad-

vanced technology, and inadequate staff training. Similar gaps 

in confidence and variability in practice have been reported in 

other European and Asia-Pacific RTT surveys [33, 34]. 

A prominent outcome of this survey is the identified de-

mand for structured training and support. Over half of re-

spondents (55.4%) expressed a preference for hands-on 

workshops, with additional interest in SOP/guideline updates 

(46.5%) and peer-learning platforms (33.7%). These findings 

are in line with international recommendations from ESTRO 

and other professional bodies, which emphasize the need for 

continuous education, interprofessional collaboration, and the 

development of RTT-led protocols [35, 36]. The expressed 

interest in manufacturer-led demonstrations also reflects a 

knowledge gap in the clinical implementation of emerging 

technologies, indicating the necessity for greater indus-

try-academic collaboration. The majority of responses origi-

nated from private sector institutions (81.2%), pointing to-

ward unequal access to technological advancements across 

public and rural centers. While the geographic diversity of 

responses-from both metropolitan and smaller cit-

ies-illustrates the expanding reach of radiotherapy in India, it 

also highlights variations in infrastructure, training exposure, 

and practice uniformity. This uneven landscape is consistent 

with global surveys showing disparities in radiotherapy access 

and quality between urban and rural regions [37]. 

In conclusion, this study highlights the progress made in 

adopting IGRT practices such as CBCT in Indian radiotherapy 

centers, while also drawing attention to ongoing challenges in 

training, standardization, and technology integration. Ad-

dressing these issues through national guidelines, investment 

in infrastructure, and RTT-specific education initiatives is 

essential to ensuring high-quality, patient-centred prostate 

cancer treatment across all healthcare settings. 

5. Conclusion 

This survey highlights a crucial point in the changing dy-

namics of prostate cancer motion management within radia-

tion oncology. Despite significant advancements in the adop-

tion of IGRT, there are still important deficiencies in advanced 

motion tracking, workflow optimization, and staff training. 

The findings indicate an increasing recognition among radia-

tion therapists of the necessity for accurate, patient-specific, 

and resource-sensitive motion management protocols. Future 

initiatives should focus on the creation of national guidelines, 

centralized training resources, and improved access to affordable 

technology to guarantee fair and effective treatment for prostate 

cancer in diverse clinical environments. 

Theory and Calculation 

This research utilized descriptive statistics to evaluate 

survey responses regarding prostate motion management 

among Indian RTTs. Although dosimetric calculations were 

not conducted, the study assessed percentage distributions and 

the impact on workflow. This methodology underscored ex-

isting practices, challenges, and training requirements, estab-

lishing a foundational framework for future research and the 

standardization of protocols. 

Ethics Statement 

As the survey involved no patient data or clinical interven-
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proval was waived. However, participants were assured of 

complete anonymity, and no identifiable personal or institu-
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Limitations of the Study 

There was a lack of external validation regarding institu-

tional practices or treatment logs. The findings provide im-

portant foundational insights into existing practices and per-

ceived challenges related to motion management in prostate 

cancer radiotherapy within India. 
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