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Abstract
BACKGROUND 
Artificial intelligence (AI) is a branch of computer science that allows machines to 
analyze large datasets, learn from patterns, and perform tasks that would other-
wise require human intelligence and supervision. It is an emerging tool in pe-
diatric orthopedic surgery, with various promising applications. An evaluation of 
the current awareness and perceptions among pediatric orthopedic surgeons is 
necessary to facilitate AI utilization and highlight possible areas of concern.

AIM 
To assess the awareness and perceptions of AI among pediatric orthopedic sur-
geons.

METHODS 
This cross-sectional observational study was conducted using a structured ques-
tionnaire designed using QuestionPro online survey software to collect quanti-
tative and qualitative data. One hundred and twenty-eight pediatric orthopedic 
surgeons affiliated with two groups: Pediatric Orthopedic Chapter of Saudi Or-
thopedics Association and Middle East Pediatric Orthopedic Society in Gulf Co-
operation Council Countries were surveyed.
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RESULTS 
The pediatric orthopedic surgeons surveyed had a low level of familiarity with AI, with more than 60% of 
respondents rating themselves as being slightly familiar or not at all familiar. The most positively rated aspect of AI 
applications for pediatric orthopedic surgery was their ability to save time and enhance productivity, with 61.97% 
agreeing or strongly agreeing, and only 4.23% disagreeing or strongly disagreeing. Our participants also placed a 
high priority on patient privacy and data security, with over 90% rating them as quite important or highly im-
portant. Additional bivariate analyses suggested that physicians with a higher awareness of AI also have a more 
positive perception.

CONCLUSION 
Our study highlights a lack of familiarity among pediatric orthopedic surgeons towards AI, and suggests a need 
for enhanced education and regulatory frameworks to ensure the safe adoption of AI.

Key Words: Artificial intelligence; Pediatric orthopedics; Surgeon awareness; Data security; Patient privacy; Healthcare 
technology; Medical education; Orthopedic surgery
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Core Tip: This study highlights the significant gap in pediatric orthopedic surgeons’ familiarity with artificial intelligence 
(AI), and shows the need for improved AI education in healthcare. Our results also indicate a high willingness to adopt AI 
tools, and a positive attitude towards its integration into practice. Moreover, our findings emphasize the importance of 
patient data security, and point to the need for regulatory oversight over the integration of AI so that it can be implemented 
safely.
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INTRODUCTION
Artificial intelligence (AI) is a branch of computer science that allows machines to analyze large datasets, learn from 
patterns, and perform tasks that would otherwise require human intelligence and supervision[1,2]. Worldwide, many 
countries are investing in and utilizing AI in healthcare, including the United States, Canada, China, and several 
European countries[3-6]. For example, the Chinese State Council released a guideline on the development of AI, and 
indicated that extensive application of AI will advance the level of precision in medical services and relieve obstacles in 
healthcare distribution[6].

In the middle east, Gulf countries such as Saudi Arabia, Qatar, and the United Arab Emirates have also emerged as 
leaders in the development of AI regulations and applications in healthcare[7,8]. These nations have made significant 
investments in AI, leading to their high rankings in global AI indices[7,8]. Institutions such as the United Arab Emirates’s 
ministry of state for AI, Qatar’s center for AI at Hamad Bin Khalifa University, and Saudi Arabia’s Saudi Data and AI 
Authority (SDAIA) aim to guide AI’s integration into various sectors, including healthcare[7,8].

In Saudi Arabia specifically, the field of AI has made considerable progress in recent years, partly due to government 
programs and initiatives[9]. AI is increasingly being used to transform healthcare, aligned with the goals of Saudi’s vision 
2030 which aims to position the country among the global leaders in healthcare[9]. The strategies employed include 
developing the country’s digital healthcare and expanding AI capabilities[8,10]. The SDAIA, established in August 2019 
by a Royal Decree, aims to drive the utilization of AI to help achieve the goals of vision 2030[8]. Studies have shown that 
AI is becoming more integrated into Saudi healthcare, with a 2022 study by Mirza et al[11] reporting that 7% of Saudi 
radiology residents regularly use AI, and another study revealing that 25% of dental professionals in the country utilize 
AI software or applications[12].

Furthermore, the adoption and application of AI in the various fields of medicine are growing[1]. For instance, AI has 
shown success in effectively aiding endoscopic polyp detection, identifying skin malignancies, and aiding in the 
diagnosis of diabetic retinopathy[2,13,14]. AI also has the potential to improve decision-making in difficult situations[15]. 
For example, clinical decision support systems (CDSS) are software applications that operate by matching patient charac-
teristics with the clinical knowledge database. The system then generates individualized assessments and recommend-
ations to aid the clinician in complex decision-making[16].

Pediatric orthopedics, a subspecialty of orthopedics, has the potential to greatly benefit from the application of AI. The 
nature of the field, which deals with the growing and developing bones of children, is quite different from adult 
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orthopedics and general medicine and faces unique challenges[17]. Pediatric orthopedics specialize in treating disorders 
of the musculoskeletal system in children and teenagers including a wide range of conditions such as growth disorders, 
congenital disorders, cancers of the skeletal and muscular systems, and various other diseases[18-20]. About half of all 
children will experience a fracture at some point in their youth[18,21], with an approximate incidence of 133.1 fractures 
per 10000 children annually[18,22]. These fractures represent a significant cause of long-term disability in children and 
occur in 55% of those who have suffered physical abuse[23]. Additionally, emergency physicians may miss about 11% of 
acute pediatric fractures compared to specialist pediatric radiologists[20]. This discrepancy may be due to the different 
stages of bone maturation and diverse patterns of injury such as bowing fracture, metaphyseal injuries, and torus 
fractures[18,19]. According to Sharaf[17], pediatric orthopedics can benefit from AI in supporting and personalizing 
disease diagnosis, optimizing surgeries, and guiding rehabilitation. For instance, AI tools, such as BoneView (Gleamer, 
Paris, France) the first clinical AI application, have been developed to aid in diagnosing fractures and detecting effusion, 
dislocations, and focal bone lesions in both adult and pediatric patients[17,24]. This software employs advanced 
algorithms to identify lesions on X-rays, visually highlighting areas of interest. Notably, BoneView has demonstrated a 
30% reduction in undetected fractures and a 15% decrease in radiograph reading time, marking a substantial advan-
cement over conventional imaging techniques[17,24]. Another innovation in the field is the OrthoNext digital platform 
(Orthofix Medical Inc., Lewisville, TX, United States) which was recently approved by the United States Food and Drug 
Administration for preoperative surgical planning in pediatric orthopedics[25]. Other AI applications in pediatric or-
thopedics, such as bone age assessment, early tumor detection using convolutional neural networks, machine learning, 
and robot-assisted surgery, are contributing to advancements in the field[17,25-27].

Despite the significant benefits of AI in healthcare, its adoption by the medical community, including pediatric 
orthopedic surgeons, faces significant challenges. Studies have shown that there is limited awareness and education 
among physicians regarding the capabilities and applications of AI in their field[28,29]. Many medical professionals are 
not familiar with the details of AI, its algorithms, or how it can be integrated into their practice[28,29]. According to a 
recent article[30], the lack of awareness and transparency surrounding AI applications is a major ethical issue that leads to 
a lack of trust in AI. Trust could increase confidence in AI tools, and understanding the technology, its potential benefits, 
and its limitations is crucial for building this trust. However, apprehension regarding AI-generated recommendations 
may delay its adoption[30]. Another challenge is the integration of AI tools into the existing clinical workflow, as any 
disruption to established routines may cause resistance[31]. Furthermore, concerns about data security and patient 
privacy can be a significant barrier to the adoption of AI technologies[31]. A study involving 501 pharmacy professionals 
from the Middle East and North Africa revealed that 58.9% of participants were worried about patient data privacy and 
cybersecurity threats, and 67% believed there is a lack of legal regulation[32]. These findings underscore the necessity for 
ethical guidelines and regulatory frameworks to address these concerns and build trust in AI technologies.

Therefore, given the important role of AI in pediatric orthopedics, in addition to the rapid progression of AI in me-
dicine, it is crucial to assess the perspectives and opinions of physicians and surgeons. Understanding their key thoughts 
and concerns could facilitate and promote a smoother transition to AI utilization. This study focused on assessing the 
views of pediatric orthopedics on AI in general rather than for specific tools, as this broader understanding may assist in 
identifying overarching concerns and barriers to AI adoption, rather than specific-use cases. According to an article by 
Wang et al[33], without the involvement of users in the design and evaluation processes, it is nearly impossible to 
successfully implement and apply AI-CDSS in the clinical context. Several studies have assessed the attitudes and 
perspectives of physicians from different specialties regarding AI[28,29,34]. A study by Oh et al[28] reported that 62% of 
Korean physicians surveyed agreed that AI offers an advantage of quickly obtaining clinically relevant data. Another 
study[34] assessing Turkish orthopedic surgeons found that less than half were familiar with AI. A recent article[29] 
surveying Sudanese orthopedic surgeons reported an overall lack of knowledge on the basic concepts of AI. Furthermore, 
medico-legal issues appear to be a recurring theme in the discussion surrounding AI[28,29]. Nonetheless, several authors 
have noted that research assessing the perspective of physicians on AI remains scarce[35-37]. However, to the best of our 
knowledge, this is this first study to assess the opinions and perceptions of pediatric orthopedic surgeons regarding the 
various aspects of AI.

The primary objective of this study was to assess the awareness and perceptions of AI among pediatric orthopedic 
surgeons. Furthermore, we assessed the importance of various barriers to AI adoption, along with surgeons’ interest in 
learning more about AI and their outlook on its future applications.

MATERIALS AND METHODS
Study design
This cross-sectional observational study was carried out using a structured questionnaire designed using QuestionPro 
online survey software (https://www.questionpro.com) to collect quantitative and qualitative data from pediatric or-
thopedic surgeons. The study design was chosen to effectively capture a snapshot of the current awareness, perceptions, 
and attitudes of a large sample of pediatric orthopedic surgeons regarding AI. This design also enables the identification 
of patterns and correlations in attitudes towards AI without the need for long-term follow-up[38].

Participants
The study population consisted of pediatric orthopedic surgeons who met the following eligibility criteria: (1) Actively 
practicing in one of the Gulf Cooperation Council countries; (2) Affiliated with either the Pediatric Orthopedic Chapter of 
the Saudi Orthopedics Association or the Middle East Pediatric Orthopedic Society; and (3) Specialized training in 
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pediatric orthopedics. The participants represented a diverse group of professionals with various backgrounds, levels of 
experience, and practice settings, ensuring a broad perspective on the topics being studied. Surgeons were invited to 
participate in the survey and were given a defined period of 4 weeks to complete it.

Variables
The main domains in the study were demographics, familiarity with AI, perceptions of AI, willingness to adopt AI, 
factors affecting decision-making, and future outlook on AI. The demographic factors collected were age, years of 
experience, main hospital affiliation, region of practice, and place of fellowship. Questions regarding the other domains 
were mainly collected using 5-point Likert scales to measure respondents’ perspectives. The survey concluded with the 
following open-ended question: “Please provide any thoughts or comments on the role of AI in pediatric orthopedic 
surgery. You may include any additional insights, concerns, or suggestions related to its implementation.” This question 
was designed to provide participants the opportunity to share further insights or perspectives that might not have been 
captured through closed-ended questions.

Measurement
The questionnaire was developed by reviewing the existing literature for relevant challenges and perspectives regarding 
AI adoption in healthcare and in pediatric orthopedics specifically, using both closed-ended questions and an open-
ended question to capture a range of information and opinions from the study sample.

The questionnaire was pilot tested with three experts in pediatric orthopedics and adjusted based on their feedback, 
which was incorporated to enhance the questionnaire’s content and face validity. As this study relies on self-reported 
data, information bias, particularly recall and observer bias, may have arisen. To mitigate this, we carefully designed the 
survey with clear, structured questions. Additionally, anonymity was ensured to encourage honest and accurate 
responses. Regarding the open-ended question, the authors independently reviewed the responses to identify key themes 
and patterns. These themes were then discussed collectively to categorize the repeating themes into the overall analysis to 
provide a deeper understanding of the participants’ perspectives on AI in pediatric orthopedics.

Study size
A specialized social media group, which currently consists of 128 pediatric orthopedic surgeons from the two aforemen-
tioned groups, was used to estimate the population size and therefore calculate the required sample size. Using the 
formula denoted by Cross and Daniel[39], taking into account a 95% confidence interval and 8% margin of error, the 
study required 69 participants to adequately represent the population. Participant selection was conducted through 
convenient sampling, with emphasis placed on the availability of their contact details. The abovementioned group was 
used to distribute the survey electronically.

Statistical analysis
Data from closed-ended questions were analyzed using statistical product and service solutions statistics version 22 
(International Business Machines Corporation, Armonk, NY, United States), employing basic descriptive statistics and 
inferential statistics as appropriate.

Descriptive statistics summarized the sample’s demographic traits. Answers to questions based on the 5-point Likert 
scale were presented using tables and bar graphs that displayed the surgeons’ familiarity with AI, perceptions of AI, 
willingness to adopt AI, factors affecting decision-making, and future outlook on AI. Results to the open-ended question 
were analyzed and summarized by the authors.

For the inferential statistics, the Likert scales under each domain were combined to give a total domain score for each 
respondent. The Kruskal-Wallis H test was used to evaluate significant associations between demographic variables and 
the surgeon’s future outlook using the following study domains: familiarity; perception; willingness; and factors affecting 
decision-making.

For all tests, the level of significance was set at P ≤ 0.05. The results are presented as the median and interquartile range 
of each domain for all demographic variables. Further bivariate correlation between study domains was preformed using 
Spearman’s rank correlation coefficient.

Ethical approval for this study was obtained from the institutional review board of Imam Abdulrahman Bin Faisal 
University (No. IRB-UGS-2023-01-530; Dammam, Saudi Arabia). Participants were informed of the study’s purpose, 
methodology, requirements, and duration before enrollment. It was explained that participation is voluntary, and 
participants can withdraw at any time. By voluntarily participating, informed consent was implied. No identifiers were 
collected, and the anonymity and confidentiality of participants were strictly maintained, with results presented in 
aggregate form.

RESULTS
A total of 128 pediatric orthopedic surgeons affiliated with two groups the Pediatric Orthopedic Chapter of Saudi 
Orthopedics Association and Middle East Pediatric Orthopedic Society in Gulf Cooperation Council Countries were 
contacted using a specialized social media group from December 2023 through February 2024. Seventy-one surgeons 
completed the survey, all of whom were included in the final analyses.
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Demographics
Most respondents in the study were under 40-year-old (47%), followed closely by those aged 40 to 60 (45%). Most 
pediatric orthopedic surgeons included in the study had less than 10 years of experience (58%), whereas only 13% had 
more than 20 years of experience. The largest portion of respondents was affiliated with Ministry of Health hospitals 
(37%). Most of the participants were from the central region of Saudi Arabia (41%), whereas only 7% were practicing 
surgeons outside Saudi Arabia. The highest number of respondents completed their fellowship in Saudi Arabia (44%), 
followed by North America (32%) (Table 1).

Survey responses
Participant responses to the survey questions are shown in Table 2 and Table 3. Regarding the perceptions of pediatric 
orthopedic surgeons towards AI, almost 50% of the respondents agreed or strongly agreed that AI can enhance diagnostic 
accuracy in pediatric orthopedic cases. Similarly, more than 56% of them agreed or strongly agreed that AI has the 
potential to improve treatment planning for pediatric orthopedic conditions (Figure 1 and Table 2).

Regarding participant answers to whether AI integration in pediatric orthopedics can enhance surgical outcomes, 41% 
agreed or strongly agreed with that statement. Finally, the most positively rated aspect of AI applications for pediatric 
orthopedic surgery was found to be the perception of its ability to save time and enhance productivity, with 62% agreeing 
or strongly agreeing with that statement. Regarding surgeons’ familiarity with AI tools, most of the respondents were 
slightly familiar with AI in medicine (37%), followed by 34% who were moderately familiar (Table 2).

Almost half of the respondents considered evidence-based research supporting AI in pediatric orthopedics to be highly 
important, followed by 27% who rated it as quite important. Similarly, trust in the accuracy of AI-driven diagnostics was 
highly important for 44% and quite important for 30% of the participants. Support and training provided for AI 
utilization were also rated as highly important by more than half of the respondents, and 25% rated it as quite important 
(Figure 2).

Protection of patient privacy and data security with AI implementation was the most highly rated priority for the 
surgeons, as 68% rated it as highly important and 23% as quite important. Finally, ease of integration of AI systems into 
current practice was highly important for 48% and quite important for 31% of the participants (Figure 2).

Most of the respondents were very willing to adopt AI-based tools or systems (45%), followed by 42% who were 
somewhat willing (Table 2). In addition, almost all of the respondents agreed that they would recommend a tested and 
proven AI-tool to their peers (91%) (Table 3). Furthermore, more than half of the respondents were very interested in 
learning about AI and its application in clinical practice, followed by 34% who were somewhat interested (Table 3). 
Overall, our results indicated a high level of willingness to adopt AI-based tools or systems and a strong tendency to 
recommend them to their peers.

The most common AI tool that the surgeons encountered was AI speech-to-text tools (e.g., Mobius Conveyor, The 
Nuance Dragon Ambient eXperience, Augmedix), which are being utilized by 32% of the respondents in the study. 
Overall, the pediatric orthopedic surgeons surveyed have limited exposure to AI tools in their field (Table 3).

Regarding the expected role of AI in pediatric orthopedic surgery in the next 5 years to 10 years, the majority (44%) 
believed that it will be used in a limited capacity, followed by 32% who believed it will become a fundamental part of the 
field. A small proportion of the participants (3%) believed it will not have a significant impact. Overall, the pediatric 
orthopedic surgeons had a high level of interest in learning about AI and its application in clinical practice and a 
moderate to high expectation of its role in their field in the near future (Table 3).

Subgroup analysis
Only one demographic variable appeared to be significantly related to the surgeon’s familiarity with AI, namely, the 
physician’s years of experience (Kruskal-Wallis H test = 7.037; P = 0.030). Participants with 11 years to 20 years of 
experience had significantly higher familiarity scores compared to physicians with more than 20 years of experience 
(Table 4).

The participants perception towards AI was also significantly related to their years of experience (Kruskal-Wallis H test 
= 7.037; P = 0.030) and future outlook on AI (Kruskal-Wallis H test = 9.985; P = 0.019). Participants with 11 years to 20 
years of experience had significantly higher scores of perceptions toward AI compared to those with more than 20 years 
of experience. Furthermore, surgeons who viewed the future of AI in their field as a fundamental part of the field had a 
more optimistic perception of AI, with a median score of 20. Finally, none of the tested variables appeared to influence 
surgeons’ willingness to adopt AI tools or impact their perception of factors affecting decision-making (Table 4).

Bivariate correlation analysis of the study domains revealed several significant relationships (Table 5). Familiarity and 
Perception were strongly correlated (r = 0.568; P < 0.001). Willingness to adopt AI was moderately correlated with both 
Familiarity (r = 0.262; P = 0.027) and Perception (r = 0.560; P < 0.001). Decision-making showed a positive correlation with 
Familiarity (r = 0.269; P = 0.023), Perception (r = 0.456; P < 0.001), and Willingness (r = 0.430; P < 0.001).

Open-ended responses
The open-ended responses suggest that overall, the pediatric orthopedic surgeons in our study are cautious but hold an 
optimistic view of the future of AI in the specialty. The need for more education and understanding was highlighted. The 
specific use cases mentioned were AI’s potential to improve workflow in administrative tasks, and its possible role in 
Graf diagnosis and limp deformity correction. Finally, there is a clear need for more workshops and education about AI, 
as well as recognition of the need for caution due to AI’s current limitations.
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Table 1 Participants’ demographic characteristics, n (%)

Variables Subcategory Frequency (n = 71)

< 40 33 (46.5)

40-60 32 (45.1)

Age in years

> 60 6 (8.5)

< 10 41 (57.8)

11-20 21 (29.6)

Experience as a pediatric orthopedic surgeon in years

> 20 9 (12.7)

University 15 (21.1)

1Military 14 (19.7)

Ministry of health 26 (36.6)

Specialist or medical city 11 (15.5)

Main hospital affiliation

Private 5 (7.0)

Central 29 (40.9)

Northern 2 (2.8)

Southern 9 (12.7)

Eastern 13 (18.3)

Western 13 (18.3)

Region of practice

2Outside Saudi Arabia 5 (7.0)

Saudi Arabia 31 (43.7)

Northern America (Canada and United States) 23 (32.4)

Europe 11 (15.5)

Place of fellowship

3Others 6 (8.5)

1Military, Security forces, National guard.
2Bahrain, Kuwait (1), Oman (3), Qatar (1), Egypt (1).
3Other places of fellowship include Eastern Asia (2), while others were not specified.

Table 2 Participants’ questionnaire responses, n (%)

Topical category Response categories and data

Perceptions towards AI Strongly 
disagree

Disagree Neutral Agree Strongly 
agree

AI can enhance diagnostic accuracy in pediatric orthopedic cases 2 (2.8) 6 (8.5) 30 (42.3) 25 (35.2) 8 (11.3)

AI has the potential to improve treatment planning for pediatric 
orthopedic conditions

1 (1.4) 4 (5.6) 26 (36.6) 34 (47.9) 6 (8.5)

AI integration in pediatric orthopedics can enhance surgical 
outcomes

1 (1.4) 9 (12.7) 32 (45.1) 23 (32.4) 6 (8.5)

AI applications can save time and enhance productivity in 
pediatric orthopedic surgery

2 (2.8) 1 (1.4) 24 (33.8) 34 (47.9) 10 (14.1)

Familiarity with AI Not at all 
familiar

Slightly familiar Moderately 
familiar

Very familiar Extremely 
familiar

How familiar are you with AI in medicine? 18 (25.4) 26 (36.6) 24 (33.8) 2 (2.8) 1 (1.4)

Willingness to adopt AI tools Very unwilling Somewhat 
unwilling

Neutral Somewhat 
willing

Very willing

How willing are you to adopt AI-based tools or systems in your 
clinical practice, if they are proven to be safe and effective?

0 (0) 0 (0) 9 (12.7) 30 (42.3) 32 (45.1)
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Factors affecting decision making Not important 
at all

Slightly 
important

Moderately 
important

Quite 
important

Highly 
important

Evidence-based research supporting AI in pediatric orthopedics 0 (0) 4 (5.6) 13 (18.3) 19 (26.8) 35 (49.3)

Trust in the accuracy of AI-driven diagnostics 1 (1.4) 6 (8.5) 12 (16.9) 21 (29.6) 31 (43.7)

Support and training provided for AI utilization 1 (1.4) 0 (0) 13 (18.3) 18 (25.4) 39 (54.9)

Protection of patient privacy and data security with AI 
implementation

1 (1.4) 2 (2.8) 4 (5.6) 16 (22.5) 48 (67.6)

Ease of integration of AI systems into current practice 0 (0.0) 2 (2.8) 13 (18.3) 22 (31.0) 34 (47.9)

Interest in learning about AI Very 
uninterested

Somewhat 
uninterested

Neutral Somewhat 
interested

Very 
interested

How interested are you in learning more about AI and how to 
apply them in your clinical practice?

0 (0) 3 (4.2) 8 (11.3) 24 (33.8) 36 (50.7)

AI: Artificial intelligence.

Table 3 Participants’ questionnaire responses continued, n (%)

Topical category Response categories and data
1Which of the following AI tools have you encountered?

AI speech-to-text tools (e.g., mobius conveyor, the nuance dragon ambient experience, augmedix) 23 (32.4)

Image analysis tools (e.g., nuance’s precision imaging network, zebra medical vision) 16 (22.5)

AI clinical decision support tools (e.g., Sepsis Watch, ChatGPT 35/4) 14 (19.7)

Surgical support tools (e.g., Da Vinci surgical system, ActivSight system) 10 (14.1)

None of the above 34 (47.9)

Would you recommend a tested and proven AI tool in pediatric orthopedic surgery to other clinicians?

Yes 64 (91.4)

No 6 (8.6)

What role do you think AI will play in pediatric orthopedic surgery over the next 5 to 10 years?

It will not have a significant impact 2 (2.8)

It will be used in a limited capacity 31 (43.7)

It will become a fundamental part of the field 23 (32.4)

Uncertain 15 (21.1)

1Participants can choose one, more than one, or not at all.
AI: Artificial intelligence.

Table 4 Factors related to the domains in the study

Familiarity Perception Willingness Decision-making
Variables Subcategory Median 

(IQR)
4P value Median 

(IQR)
4P value Median 

(IQR)
4P value Median 

(IQR)
4P value

< 40 2.0 (1) 19.0 (5) 5.0 (1) 23.0 (7)

40-60 2.0 (2) 18.5 (5) 5.0 (1) 22.5 (5)

Age in years

> 60 1.5 (2)

1.722 
(0.423)

16.0 (5)

1.723 
(0.422)

5.0 (2)

0.619 
(0.734)

21.0 (7)

0.030 
(0.985)

< 10 2.0 (1) 18.0 (4) 5.0 (1) 23.0 (6)

11-20 3.0 (1) 20.0 (5) 5.0 (1) 22.0 (5)

Experience in 
years

> 20 1.0 (2)

7.326 
(0.026)a

15.0 (5)

7.037 
(0.030)a

5.0 (2)

1.409 
(0.494)

21.0 (8)

0.287 
(0.866)
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University 3.0 (2) 18.0 (6) 6.0 (1) 22.0 (6)

1Military 2.0 (1) 19.5 (3) 5.0 (1) 24.0 (6)

Ministry of 
Health

2.0 (2) 18.5 (4) 5.0 (1) 23.0 (6)

2Specialist 2.0 (1) 17.0 (3) 5.0 (1) 21.0 (9)

Hospital 
affiliation

Private 2.0 (2)

1.575 
(0.813)

15.0 (4)

6.079 
(0.193)

5.0 (1)

1.141 
(0.888)

19.0 (6)

1.744 
(0.783)

Central region 3.0 (1) 19.0 (6) 5.0 (1) 24.0 (6)

Northern 2.5 (0) 18.5 (0) 6.0 (0) 24.5 (0)

Southern 1.0 (2) 17.0 (4) 5.0 (2) 22.0 (6)

Eastern 2.0 (2) 20.0 (6) 6.0 (2) 22.0 (5)

Western 2.0 (1) 17.0 (6) 5.0 (2) 19.0 (10)

Region

Gulf countries 2.0 (1)

9.019 
(0.108)

17.0 (3)

3.464 
(0.629)

5.0 (1)

6.033 
(0.303)

21.0 (5)

8.445 
(0.133)

Saudi Arabia 2.0 (2) 17.0 (6) 5.0 (1) 24.0 (6)

3Northern 
America

2.0 (1) 19.0 (5) 5.0 (1) 21.0 (6)

Europe 2.0 (2) 20.0 (6) 6.0 (1) 22.0 (5)

Fellowship

Others 1.5 (2)

1.055 
(0.788)

17.5 (4)

1.063 
(0.786)

5.5 (1)

2.053 
(0.561)

20.0 (8)

5.545 
(0.136)

Significant impact 1.5 (0) 13.0 (0) 4.5 (0) 17.0 (0)

Limited capacity 2.0 (1) 17.0 (6) 5.0 (1) 23.0 (8)

Fundamental part 2.0 (1) 20.0 (4) 6.0 (1) 21.0 (5)

Future outlook

Uncertain 2.0 (2)

2.219 
(0.528)

17.0 (6)

9.985 
(0.019)a

5.0 (1)

1.452 
(0.693)

25.0 (5)

5.572 
(0.134)

1Military hospital (military, security forces, national guard).
2Specialist hospital or medical city.
3Northern America (Canada and United States).
4Kruskal-Wallis H test.
aP < 0.05.
IQR: Interquartile range.

Table 5 Bivariate correlation among study domains

Domain Familiarity Perception Willingness Decision-making

Familiarity 1.000 (0) 0.568 (< 0.001) 0.262 (0.027) 0.269 (0.023)

Perception 0.568 (< 0.001) 1.000 (0) 0.560 (< 0.001) 0.456 (< 0.001)

Willingness 0.262 (0.027) 0.560 (< 0.001) 1.000 (0) 0.430 (< 0.001)

Decision-making 0.269 (0.023) 0.356 (< 0.001) 0.430 (< 0.001) 1.000 (0)

DISCUSSION
Our investigation highlights several key findings: (1) There is a lack of familiarity among pediatric orthopedic surgeons 
towards AI; (2) Despite this, pediatric orthopedic surgeons have a positive perception of AI’s potential benefits; (3) 
Pediatric orthopedic surgeons consider ethical considerations, such as protection of patient privacy, to be highly 
important for the adoption of AI systems; and (4) Pediatric orthopedic surgeons tend to believe that AI will have a 
significant impact on the future of the specialty.

Currently, AI is rapidly progressing in many medical and surgical fields, especially in specialties such as pathology, 
radiology, and cardiology[40,41]. However, the field of pediatric orthopedics has also seen numerous AI developments 
such as for bone age assessment, assisting in disease diagnosis, optimizing surgeries, and personalizing rehabilitation[17,
25-27]. As these tools are being developed, it is important to assess the views and expertise of the physicians to address 
major concerns and ultimately improve patient care[33]. To the best of our knowledge, this is the first study to evaluate 
pediatric orthopedic surgeons’ opinions and perceptions of various aspects of AI.

This study found that more than 60% of pediatric orthopedic surgeons have little to no familiarity with AI in medicine 
(Table 2). This finding is in accordance with studies that have observed similar trends among orthopedic surgeons in 
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Figure 1 Perceptions towards artificial intelligence. Nearly 50% of respondents agree or strongly agree that artificial intelligence (AI) can enhance 
diagnostic accuracy in pediatric orthopedics, while over 56% believe it can improve treatment planning. Additionally, 41% agree that AI integration can enhance 
surgical outcomes. The most positively rated aspect was AI’s ability to save time and boost productivity, with 62% in agreement. AI: Artificial intelligence.

Figure 2 Factors affecting decision-making. Almost half of the respondents rated evidence-based research on artificial intelligence (AI) in pediatric 
orthopedics as highly important, with 27% considering it quite important. Trust in the accuracy of AI-driven diagnostics was highly important for 44% and quite 
important for 30%. Over half of the respondents found support and training for AI utilization highly important, with 25% rating it as quite important. The top priority was 
patient privacy and data security, with 68% rating it as highly important and 23% as quite important. Lastly, 48% viewed ease of AI integration into current practice as 
highly important, with 31% considering it quite important.

different regions[29,34]. A recent study showed that approximately 34% of Turkish orthopedic surgeons are familiar with 
AI[34]. Another study of Sudanese orthopedic surgeons reported an overall lack of knowledge on the basic concepts of AI
[29]. Generally, existing literature points to a lack of understanding of AI in numerous healthcare specialties[29,34,42-44]. 
A study surveying staff employed by the national health service foundation trust, including physicians, nurses, 
managers, and employees, found that the majority of healthcare workers had a limited understanding of AI and were 
worried about possible issues that could arise from its widespread use[43]. These findings collectively point to a 
significant deficiency in understanding AI within the healthcare sector, indicating a pressing need for intensified edu-
cational efforts to bridge this gap.

By contrast, our study revealed a strong inclination among pediatric orthopedic surgeons to adopt AI-based tools and 
systems, with more than 90% expressing readiness to recommend such tools to their peers (Table 3). This positive attitude 
is in agreement with a study by Kamal et al[29], who reported that the majority of orthopedic surgeons are willing to 
integrate AI into their practice, as well as other studies that showed similar results[34,44]. This suggests a promising 
trajectory for the incorporation of AI into surgical practice.

In terms of perceptions, our findings suggest an overall positive outlook among pediatric orthopedic surgeons 
regarding AI’s potential benefits, particularly in enhancing diagnostic accuracy and treatment planning (Table 2). 
Notably, the aspect of AI applications most favorably received was their ability to save time and enhance productivity 
(Table 2). This finding aligns with previous research by Oh et al[28], who found that approximately 62% of Korean 
physicians surveyed agreed that AI offers an advantage of quickly obtaining clinically relevant data. Interestingly, we 
found that familiarity with AI correlated with a more positive attitude among pediatric orthopedic surgeons (Table 5), in 
accordance with existing literature suggesting that enhancing AI education could play a crucial role in developing trust 
towards AI integration in healthcare[30,40,45]. For instance, a recent article studying aspiring orthopedic surgeons found 
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that AI literacy was significantly correlated with a more positive sentiment towards AI[40].
An intriguing observation from our study was the correlation between years of experience and attitudes towards AI. 

Surgeons with 10 years to 20 years of experience exhibited significantly greater familiarity with and a more positive 
attitude towards AI compared to their less or more experienced counterparts (Table 4). Interestingly, a study of Sudanese 
orthopedic surgeons by Kamal et al[29] also reported that those with 11 years to 20 years of practice and with more 
knowledge on AI had a significantly positive attitude towards the utilization of AI. This suggests that practitioners with 
this level of experience may be more receptive to AI integration, possibly due to higher exposure to technological ad-
vancements. However, this also suggests the need for targeted training programs to ensure widespread adoption of AI 
across all experience levels.

Moreover, participants in our study placed particularly high importance on patient privacy and data security when 
considering the adoption of AI. Protection of patient privacy and data security with AI implementation was the most 
highly rated priority for the surgeons in our survey, with more than 90% of pediatric orthopedic surgeons rating it as 
highly important or quite important (Table 2). This findings aligns with existing literature[32,43]. A study of healthcare 
staff found that over 80% of participants believed that there are major privacy concerns associated with the use of AI in 
healthcare[43]. Another study of pharmacy professionals from the Middle East and North Africa found that 58.9% of 
participants were concerned about patient data privacy and cybersecurity threats, while 67% felt there was insufficient 
legal regulation[32]. This emphasizes the ethical considerations surrounding AI implementation in healthcare and 
highlights the need for robust regulatory frameworks to safeguard patient information[29,43,44,46]. To overcome the 
dilemma of maintaining patient privacy and data security while adopting AI in healthcare, several strategies can be 
employed. According to Yadav et al[47], implementing robust legal frameworks such as the general data protection 
regulation and the health insurance portability and accountability act ensures that patient information is managed 
securely and with consent, whereas national policies such as India’s digital personal data protection bill (2023) provide 
specific guidelines for safeguarding personal data. Privacy-preserving AI techniques, including federated learning, differ-
ential privacy, and cryptographic methods, offer ways to protect data during AI model training and analysis[47,48]. 
Finally, educating healthcare professionals about data privacy, security practices, and ethical considerations ensures 
adherence to best practices and enhances the responsible use of AI in healthcare[47,48].

Regarding future expectations, our results on the anticipated role of AI in the next 5 years to 10 years show a cautious 
yet optimistic outlook. Most surgeons foresee a limited but significant impact of AI, and less than 3% believe it will have 
no significant influence (Table 3). A study assessing orthopedic surgeons from Turkey found that 80% of participants 
identified AI as most practical for extremity reconstruction[34]. Additionally, 68.7% noted that AI is most needed for 
fracture classification in pelvic injuries[34]. This gradual integration aligns with existing literature, which suggests a 
focused application of AI in specific areas such as extremity reconstruction and fracture classification, paving the way for 
more personalized and efficient patient care[17,34]. Overall, AI technologies are showing promise in improving various 
outcomes, including the length of hospital stays, associated costs, and functional recovery, thereby enhancing both 
patient management and resource allocation[49].

As aforementioned, our findings highlight a significant gap in pediatric orthopedic surgeons’ familiarity with AI 
(Table 2). Despite this gap, there is a high willingness among surgeons to adopt AI tools, accompanied by a positive 
attitude towards its integration into practice (Table 2), suggesting that the perceived lack of familiarity with AI is not due 
to a lack of willingness or interest, but rather the complexity and rapid evolution of the technology. This finding is further 
supported by a study by Şahin and Berk[34], who reported that more than 80% of orthopedic surgeons plan to learn 
about AI in in the near future. This may indicate a need for governments, healthcare institutions, and educational bodies 
to close this knowledge gap through targeted education and training programs. By focusing on pediatric orthopedic 
surgeons within the Gulf region, this research contributes insights that can guide future AI adoption strategies in 
pediatric orthopedics, particularly in the Middle East, which is heavily investing in developing AI applications and 
guidelines[7-10].

Limitations
Despite the valuable insights, this study had limitations. The focus on pediatric orthopedic surgeons in Gulf Cooperation 
Council countries limits the generalizability of the findings, as this region is heavily investing in AI development[7,9]. 
Thus, the findings may not reflect the views of surgeons in regions with different levels of AI adoption. Future research 
should assess the views of pediatric orthopedic surgeons in other countries that are heavily investing in AI, including the 
United States, Canada, European countries, and China, as well as developing countries. Additionally, reliance on self-
reported data may introduce bias. Information bias, particularly recall and observer bias, may have arisen from the 
reliance on self-reported data, which may have introduced inaccuracies in responses. To mitigate this, we carefully 
designed the survey with clear, structured questions. Moreover, anonymity was ensured to encourage honest and 
accurate responses. Our study provides a snapshot of current attitudes toward AI, and the rapidly evolving nature of AI 
technology suggests that these findings may need reassessment as AI continues to develop. Future research could 
improve reliability by incorporating objective measures and validated instruments.

CONCLUSION
Our results showed a general low familiarity with AI among pediatric orthopedic surgeons. However, they also showed 
an overall positive attitude and high willingness to learn about and use AI in the future. Our study contributes to the 
growing body of evidence that pediatric orthopedic surgeons are open to the integration of AI into their field, recognizing 
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its potential benefits while also acknowledging the need for vigorous evidence and ethical considerations. We suggest 
that comprehensive educational programs be developed and offered that explore AI in healthcare and address common 
concerns. We recommend continued surveillance of the opinions and concerns of all healthcare staff, patients, and other 
stakeholders to successfully implement and apply AI in clinical contexts.
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