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Abstract: In the field of orthopedics, competitive progress is growing faster because new technologies
used to facilitate the work of physicians are continuously developing. Based on the issues generated in
the pandemic era in this field, a research study was developed to identify the intention of orthopedic
doctors to integrate new medical technologies. The survey was based on a questionnaire that was
used for data collection. The quantitative study registered a sample of 145 orthopedic doctors. The
data analysis was performed based on the IBM SPSS program. A multiple linear regression model
was applied, which analyzed how the independent variables can influence the dependent variables.
After analyzing the data, it was observed that the intention of orthopedic doctors to use new medical
technologies is influenced by the advantages and disadvantages perceived by them, the perceived
risks, the quality of the medical technologies, the experience of physicians in their use, and their
receptivity to other digital tools. The obtained results are highly important both for hospital managers
and authorities, illustrating the main factors that influence doctors to use emergent technologies in
their clinical work.
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1. Introduction

Since the introduction of mechanization in the first industrial revolution, technology
and innovation have been heavily used in healthcare. Industry 4.0, by integrating the
Internet and new technologies (e.g., communication technology (ICT), digitization, artificial
intelligence (AI), Internet of Things (IoT), cloud technology, cloud computing, known
additive manufacturing (AM), and Big Data and cyber systems), initiated a “paradigm shift”
in how patient care is delivered globally across all specialties, including orthopedics [1,2].

In the orthopedic field, new technologies help physicians in the early diagnosis of
various conditions, the faster development of innovative treatments, and the perioperative
surveillance of patients. The overall goal of technologies in orthopedic surgery is to improve
surgical accuracy and achieve faster postoperative rehabilitation, as well as to provide
optimized services for patients [3]. Technological innovations have a very important
role in preoperative surgical planning, the precise intraoperative placement of implants,
the restoration of biomechanical parameters, and the efficient execution of orthopedic
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procedures. In trauma care, computer-assisted virtual reality, 3D printing techniques
for planning the surgical management of acetabular fractures, real-time navigation, and
computer-guided and robot-assisted surgery (RAS) applications have grown exponentially
in total hip arthroplasty and in tumor reconstruction surgery [4–6].

Self-monitoring and reporting technology (SMART) and sensor-based implants have
contributed to improved diagnoses provided by physicians, objective intraoperative assess-
ment of soft tissue balance in total knee arthroplasty, and postoperative patient monitor-
ing [7]. Studies have illustrated that advanced technological rehabilitation in hospitals and
at home using wearable or implantable sensors is the future [8]. However, there is debate
regarding the cost-effectiveness of such an intervention given the need for a steep learning
curve and universal applicability in healthcare in underdeveloped countries [7].

Additive manufacturing (AM), also known in the specialized literature as three-
dimensional (3D) printing, represents the process of joining materials to create objects
from a 3D digital model layer by layer [9]. For many years, this technology has been used
in many industries such as in the realm of jewelry making, engineering, fabrics, etc. [9].
Chuck Hall created stereolithography (STL) in 1984 [10]. Since then, this technology has
become more and more used due to its versatility, ease of use, and precise control in terms
of the manufacturing process but also in terms of the possibility of making complex shapes
and structures. Therefore, the printed patterns have the potential to intentionally possess
properties that are highly sought after for biomedical applications [9]. In the medical
field, AM technology is used to create customized medical instruments, drug delivery
systems, engineered tissues, scaffolds for bone regeneration, prosthetic sockets, orthoses,
or guides as well as surgical implants [11]. In the last decade, there has been an increasing
trend towards the customization of business models and technological advances, which
has led to the reduction in costs and expertise required in the exploitation of AM [12].
“Computer-aided design” (CAD) also began to be used in the medical field, being seen as a
process of using computer software to help facilitate the activities carried out by medical
personnel [13].

There are various techniques for measuring and modeling existing objects (including
the human body) to create digital models that we can work on using CAD software. The
most used methods include computed tomography (CT) and 3D scanning [11]. Three-
dimensional scanning is the most practical and comfortable solution to capture topography.
There is a lot of affordable hardware and software, the training requirement is minimal,
and it can be very effective [14]. Acquisition time and spatial resolution differ greatly
between 3D scanners, ranging from a few minutes to longer and from 0.1 mm to several
millimeters [15,16]. The most used systems are laser techniques and structured light
methods. The laser technique uses a handheld device to project a laser beam onto the
surface, while a sensor measures the distance to the projector.

Digital reconstruction, CAD modeling, and conversion to STL format are performed
with appropriate software, with several free alternatives available on the market [17,18]. In
the biomedical field, the use of AM technology is increasing, being particularly widespread
in the manufacture of orthoses. However, it is still a relatively new approach, with orthotics
starting to be 3D printed less than a decade ago. The manufacture of orthoses and prostheses
is still largely manual and because of this, the result depends on the human resource
involved [11].

The advantages of orthoses made with the help of AM technology are the following:
production is possible at lower costs, the possibility of making changes more easily, and
faster manufacturing. Patients usually feel more comfortable with prosthetic sockets made
with AM appliances than with traditional, hand-made sockets [11,19]. AM technology has
been used to facilitate the manufacture of orthoses in a number of situations, namely spinal
orthoses, knee orthoses, ankle-foot orthoses, wrist orthoses, foot orthoses, chronic pain
relief, or peripheral nerve damage. Custom wrist orthoses for chronic wrist pain [20] or for
splinting a healing fractured bone can also be made using AM technology. A recent litera-
ture review evaluated a 3D-printed wrist orthosis for a Colles fracture [21]. Radiographs of
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the wrist were performed periodically to observe both the angle of inclination of the palm,
the angle of cubital deviation, and the height of the beam.

Three-dimensional technology is increasingly used in orthopedics. An exponential
growth of digital applications in this field of activity is expected in the coming years. Com-
puter technologies play a crucial role in the orthopedic field. Until recently, surgical planning
was typically performed manually on fluoroscopic images. These are currently being re-
placed by advanced planning software that incorporates multimodal and patient-specific
medical data. In addition to pre-operative planning, digital technologies have begun to
increasingly support the work carried out by doctors. For example, during arthroplasty pro-
cedures, computer-assisted techniques [22] have been shown to be superior to conventional
implantation techniques in terms of both their consistency and accuracy [23–27].

Robotic solutions are used in many fields to reduce human error, increase accuracy
and ensure reproducibility [28–31]. However, they are still not widely adopted clinically
in different disciplines. The main disadvantages of robotic solutions in surgery refer
to their intellectual and haptic adaptive behavior, which is minimal; the existence of
limitations in terms of integrative interpretation and action in complex situations; poor
patient registration; complex configuration; invasive fiducial implantation; and interrupting
the workflow [30].

While robotic technologies are mainly aimed at supporting doctors with precise and
planned mechanical actions, Augmented Reality (AR) technology enhances the surgeon’s
work by increasing the medical information available. AR refers to the real world aug-
mented with virtual information, as opposed to Virtual Reality (VR), where the user
experiences a completely virtual setting [32,33]. The growing interest in AR in orthopedics
and trauma is not new. Surgical procedures in orthopedic surgery frequently use visual
data, such as medical images obtained both pre- and intra-operatively, and often include
mechanical steps, such as the screw or implant. Therefore, such technical tasks intensify
the use of AR in this field.

Artificial intelligence-based techniques have significantly contributed to the improve-
ment of medical imaging through data acquisition, reconstruction, analysis, and interpreta-
tion [34]. Artificial intelligence identifies the imaging examination that the patient needs
by incorporating information extracted from the patient’s medical record and determines
the appropriate protocol for it [35]. Artificial intelligence can also increase data acquisition
speed in nuclear magnetic resonance (NMR) imaging and reduce radiation dose in com-
puted tomography (CT) [36]. The area where artificial intelligence is most used is image
interpretation, where AI is used to support radiologists in data interpretation, avoid human
errors, and increase diagnostic accuracy.

1.1. How AI Works in Analyzing Medical Datasets

AI-based algorithms have been used to recognize the arthroplasty component on plain
radiographs, thereby providing a set of images and key imaging features that a radiologist
would normally use to distinguish between different types and brands of implants [37]. In
this way, the AI-based system tries to match the known characteristics with the parameters
of the implant, thus making an assessment. After this process is completed, the accuracy of
the system is established by comparing the established and known (correct) results, and
inaccuracies or additional information can be manually entered into the system, and thus
the process can be repeated. With the help of computing power and algorithm refinement
capability, the AI system can learn to self-assess its performance and improve by modifying
its internal algorithmic codes [38].

To maximize the predictive power, the AI index algorithm is increasingly refined
after being exposed to training datasets, which leads to improved iteration accuracy [39].
This case requires completely different iterative programming, where the program has
the autonomy to write its own coding instructions and is thus a step forward towards
achieving full automation, this process is called Deep learning (DL) [40–43].
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Deep learning (DL) eliminates the need for human operator input in the algorithm
refinement process, thereby reducing the time to achieve a viable system. The algorithmic
performance of modern DL neural networks allows the artificial foundation of multi-
layered “evolutionary plexuses”, just like the neural system of the human brain [44,45].
Most deep learning systems incorporate some form of artificial neural network (ANN),
having a series of iterative processing steps between the input and output layers [46–48].

1.2. The Use of New Technologies in Orthopedic Practice

In orthopedic practice, the computer has the role of processing data sets belonging
to several patients. By means of specialized coding, it has the ability to recognize specific
patterns [46,48,49]. Computer software based on artificial intelligence can significantly
contribute to the management of patient information. Before using artificial intelligence to
fully manage data, orthopedic doctors must understand the technological potential of this
technology in the healthcare system. Artificial intelligence algorithms have been used in
orthopedics, including for the diagnosis of fractures and osteoarthritis and for establishing
bone strength [34].

Some studies have illustrated that, in the orthopedic field, AI has the ability to detect
wrist fractures as well as spinal compression on radiographs more easily and quickly
(as opposed to medical specialists) [34,50]. Artificial intelligence can help automate the
grading of lumbar disc pathology on MRI using different grading systems with nearly 100%
accuracy [51]. AI enables automatic segmentation of the area of interest, thus increasing
the quality of image analysis, with many studies focusing on the segmentation of knee
cartilage [52]. AI-based image interpretation can be very accurate, but requires large
training data sets, which are expensive.

A benefit offered by AI in the medical field refers to the possibility of predicting clinical
outcomes for patients based on data sets as well as medical imaging. Assessing risks and
predicting outcomes has always been a challenge in clinical medicine. In orthopedics, ML
can be used in patient management, providing a patient-specific postoperative complication
rate after the surgery is performed [53]. Artificial intelligence can increase the accuracy of
diagnosis, this aspect mitigating the risk of misdiagnosis. In this way, doctors have the
ability to determine the correct medical procedure for each patient.

Currently, AI-based systems have been used in various ways, such as in the iden-
tification of fractures and osteoarthritis, the identification of bone mineral density, and
the assessment of bone age [34,54]. The activity of orthopedic doctors depends to a high
extent on the imaging examination performed, so they can provide a correct diagnosis and
treatment only after analyzing the images in question. In this case, artificial intelligence
can optimize the acquisition, reconstruction, analysis, and interpretation of images, thus
providing effective help to orthopedic doctors [55–57].

1.3. The Use of Robots in the Orthopedic Field

In recent years, robots [58] have started to be used more and more in the medical
field. AI technology can help orthopedic doctors in the diagnostic process. An example of
technology that can be used in this regard is the IBM Watson Health cognitive computing
system that uses ML to create a cancer treatment support system with the intention of
improving diagnostic identification. Orthopedic surgery began to incorporate robotic
technologies in 1992 with the introduction of ROBODOC for total hip replacement [59].
This is an active-autonomous, image-based robotic system that has assisted surgery in
cementless total hip arthroplasty (THA) [60]. This technology has not been very successful
due to the complexity and long duration of the surgical procedure [61].

Another early image-guided autonomous robotic system was CASPAR, used for THA
and total knee arthroplasty. To date, no major adverse effects related to the use of CASPAR
have been reported [62]. RIO (Robotic Arm Interactive Orthopedic System) is another
robotic system that requires the active participation of the doctor in the knee arthroplasty
procedure. This robotic system generates a 3D model of the patient’s anatomy that helps
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the doctor develop a preoperative plan. Most orthopedic surgery robots such as RIO are
used for knee or hip arthroplasty [63].

The robotic arm has the ability to assist doctors in performing minimally invasive
surgical interventions, offering them other advantages such as three-dimensional imaging,
7 degrees of articulation, and the possibility of operating remotely. An example of this is
the TianJi robot. This is an orthopedic field robot that can perform whole spine (spinal
instrumentation), pelvis, and knee procedures [64,65]. The robot works through a robotic
arm that uses a real-time navigation system with a high degree of precision. Machine
learning has various uses in the orthopedic field, such as fracture detection, bone tumor
diagnosis, mechanical loosening of hip implants, and osteoarthritis grading [66]. The
importance of AI and ML in the orthopedic field is in a constant process of growth, in line
with the evolution of research in the field.

In 2019, the first remote multicenter orthopedic surgery using 5G technology was
performed by Professor Wei Tian. Robots have started to be used more and more in recent
years, especially in surgery due to their precision in performing operations with reduced
risks of bleeding in a shorter time. Currently, the use of robots in the operating room is
still in an early stage of development; however, there is increased interest among medical
and research professionals. Although several robots have already been used to perform
surgeries, there is insufficient evidence of their effectiveness over time. In theory, robotic
systems are mainly used to prevent misdiagnosis and massive bleeding and to reduce the
burnout of physicians in this field.

The COVID-19 pandemic has influenced to a very high extent the activity carried out
by physicians. They had to treat patients in special conditions, and very often they had
to use digital technologies to get in touch with patients who are far away. Orthopedic
specialists also had to face the existing pressures during the period of COVID-19. The
complications that arose due to contact with the new virus put the medical staff in a
difficult position and because of this they had to resort to additional solutions to face
these difficulties. New technologies have facilitated the work of specialists, facilitating
the performance of surgical interventions. Thus, physicians had the opportunity to save
time and financial resources in carrying out these interventions. Currently, in Romania,
new medical technologies are used in a rather low proportion within the state health
facilities. However, there are some private clinics or hospitals that benefit from advanced
technological equipment, which allows physicians to thoroughly investigate certain cases
and provide appropriate treatments in a much shorter time.

Considering the multitude of medical technologies currently existing in the field of
orthopedics as well as their role in facilitating the activities carried out by medical personnel,
we considered it necessary to carry out quantitative research aimed at identifying the
intention of orthopedic doctors to use the new medical technologies in the activities they
carry out in this pandemic era. In this study, a multiple linear regression model was carried
out. The independent variables that were taken into account at the level of this multiple
linear regression model were previously analyzed at the level of other specialized studies.
These were the following [67–75]: ease of use, promotional activities carried out regarding
new medical technologies, advantages perceived by orthopedic doctors regarding new
medical technologies, physicians’ experience in using these medical technologies, their
receptivity regarding the use of new medical technologies, the quality of existing new
medical technologies in the field of orthopedics, the disadvantages perceived by physicians
regarding these technologies, the reliability in time of new medical technologies, and the
risks perceived by orthopedic doctors regarding the use of new medical technologies, as
well as the acquisition cost of new medical technologies.

The main aim of this study was to identify the degree of use of the new technologies in
orthopedics and the receptivity of orthopedic doctors to use the new medical technologies
in this field. The secondary aims established at the level of this research were to identify
the perception of the doctors regarding the importance of the new technologies in the field
in which they practice; to identify the sources of information used by the respondents
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to inform themselves about the new technologies; to identify how often the orthopedic
doctors are using the new medical technologies within the medical units; to identify the
types of medical technologies that the respondents would like to use in their daily activities;
and to identify the main benefits obtained by the doctors following the use of the new
medical technologies in this field.

1.4. The Research Hypotheses Were the Following

H1. The easy use of new medical technologies on the market has the ability to directly and positively
influence the intention of orthopedic doctors to use these technologies in their work.

H2. Promotional activities carried out for new medical technologies have the ability to directly and
positively influence the intention of orthopedic doctors to use these technologies in their work.

H3. The advantages perceived by orthopedic doctors regarding new medical technologies have the
ability to directly and positively influence their intention to use these technologies in their work.

H4. Orthopedic doctors’ experience in using new medical technologies has the ability to directly and
positively influence their intention to use these technologies in their work.

H5. Orthopedic doctors’ receptivity to the use of new medical technologies has the ability to directly
and positively influence their intention to use new medical technologies in their work.

H6. The quality of new medical technologies has the ability to directly and positively influence the
intention of orthopedic doctors to use these technologies in their work.

H7. Disadvantages perceived by orthopedic doctors regarding new medical technologies have the ability
to directly and negatively influence their intention to use new medical technologies in their work.

H8. The reliability of new medical technologies in the field of orthopedics has the ability to directly
and positively influence the intention of orthopedic doctors to use these technologies in their work.

H9. The risks perceived by orthopedic doctors regarding new medical technologies have the ability
to directly and negatively influence their intention to use these technologies in their work.

H10. The acquisition cost of new medical technologies in the field of orthopedics has the ability to
directly and negatively influence the intention of orthopedic doctors to use these technologies in
their work.

This research provides information regarding the main variables that underlie the
decisions of orthopedic doctors regarding the use of new medical technologies. The results
provide clear information regarding the main factors behind the intention of orthopedic
doctors to use these technologies in the private or state clinics where they work.

2. Materials and Methods
2.1. Survey Design

The data collection was carried out with the help of a questionnaire that was later
distributed to the respondents. Regarding the way in which the research instrument was
created, it should be stated that the first question at its level was a filter, with the role
of selecting only orthopedic doctors who work in a clinic or in a hospital in Romania.
Later, there were several questions through which it was desired to identify the opinion of
physicians regarding the usefulness of new medical technologies in the field of orthopedics.
In the last part of the questionnaire, several questions were used to identify information
regarding the orthopedic doctors who participated in this study and the activities they
carry out. Regarding the type of scale used to measure the link between the variables, it
should be noted that the 10-point Likert scale was used. The sampling method used was
that of the snowball. Regarding the sample, the quantitative study was carried out on
145 orthopedic doctors in Romania. The research was carried out between December 2022
and January 2023.
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Analyzing from the perspective of the respondents’ profile, it should be stated that,
of the total of 145 respondents who participated in the study, most of them (38.6%) were
between 36 and 45 years old and 33.1% of them were between 25 and 35 years old, while
20% of the orthopedic doctors who participated in the study were aged between 46 and
55 years. A smaller proportion of those who participated in the research (8.3%) stated
that they were over 55 years old. Regarding the gender distribution of the respondents,
the majority of those who participated in the study (90.3%) were men, while 9.7% of
them were women. A total of 29% of orthopedic doctors worked in a hospital or clinic in
Bucharest or Ilfov, while 71% of them worked in another health facility in the country.
Studying from the perspective of the type of health facility in which the respondents
work, 50.3% of them stated that they worked both in a state hospital and in a private
health facility, 28.3% of them only worked in a state health facility, while 21.4% of them
worked in a private clinic (Table 1).

Table 1. Presentation of the respondents’ profile.

Category Frequency Percentage (%)

Gender
Male 131 90.3

Female 14 9.7

Age

25–35 48 33.1

36–45 56 38.6

46–55 29 20

Over 55 12 8.3

Place where the physicians practice
In Bucharest-Ilfov 42 29

In a different county in the country 103 71

Health facility where the respondents work

State 31 21.4

Private 41 28.3

Both in a state health facility and in a
private one 73 50.3

2.2. Regression Model

The regression model that was carried out at the level of this study had the role of
determining the link between the dependent variable (the intention of orthopedic doctors
to use the new medical technologies in the pandemic era) and the independent variables:
the ease of use, the promotional activities carried out regarding the new medical tech-
nologies, the advantages perceived by the orthopedic doctors regarding the new medical
technologies, the experience of physicians in using these medical technologies, their recep-
tivity regarding the use of the new medical technologies, the quality of the new medical
technologies existing in the field of orthopedics, the disadvantages perceived by physicians
regarding these technologies, the reliability over time of new medical technologies, the
risks perceived by orthopedic doctors regarding the use of new medical technologies as
well as the acquisition cost of new medical technologies.

The following formula was used to create the linear multiple regression model [76]:

Y = β0 + β1 ∗ X1 + β2 ∗ X2 + β3 ∗ X3 + β4 ∗ X4 +...+ βn ∗ Xn +
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3. Results

In the first part of the quantitative study, the opinion of orthopedic doctors regarding
the new medical technologies existing on the market as well as their role in the pandemic era
was analyzed. Following the analysis and interpretation of the results, it was noticed that
orthopedic doctors believe that these technologies are very important in the field in which
they practice. The main sources of information that they use to document themselves about
the new technologies appearing on the market in the field of orthopedics are internships
abroad (28.3%), specialized publications (13.8%) as well as profile websites where detailed
information is presented regarding the advantages offered by new technologies, and the
costs incurred for them as well as their usefulness in this field (13.8%). A total of 12.4%
of the physicians who participated in the study stated that they obtained information
about these technologies from the national and international symposia they attended, 9.7%
of them stated that they read existing articles on social networks, while 5.5% of them
participated in various online courses. A total of 16.6% of the physicians stated that they
documented from other sources (Table 2).

Table 2. The sources of information used by the respondents to inform themselves about the new
technologies on the market in the field of orthopedics.

Sources of Information Used Frequency Percentage (%)

Symposia 18 12.4

Specialized publications 20 13.8

Specialized sites 20 13.8

Social networks 14 9.7

Internships abroad 41 28.3

Courses held online 8 5.5

Others 24 16.6

The specialists in orthopedics who participated in the study stated that, currently,
within the health facilities where they mainly carry out their activity, they use the new
medical technologies to a small extent. Only 15.9% of those who participated in the study
stated that they had used the new technologies in the field so far, while a large part of
them (84.1%) stated that they did not have this opportunity but would want to be able
to use them in the next period of time. Regarding the technologies that the respondents
would like to use later, most of them (42.1%) stated that they would like to use technologies
based on artificial intelligence, 28.3% of them mentioned that they would like to carry out
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investigations based on a series of robots, 12.4% of those who participated in the study
would like to work with technologies based on 3D Printing technology, 9.7% of them would
like to use IoT technology for solving the problems they encounter, while 7.6% of the
respondents would like to use augmented reality (Table 3).

Table 3. The new technologies that orthopedic physicians would like to use in the next period of
time.

Technologies Frequency Percentage (%)

Iot 14 9.7

Artificial intelligence 61 42.1

Robots 41 28.3

3D printing 18 12.4

Augmented Reality 11 7.6

Regarding the main advantage of the new medical technologies that can be used in
orthopedics, in Table 4, it can be seen that 31.7% of the orthopedic doctors who participated
in the study stated that they facilitated the work carried out by the medical staff. A total of
30.3% of them specified the fact that these technologies have the ability to provide detailed
information about various conditions that patients suffer from, 26.9% of them considered
that reducing the execution time of certain surgical interventions is the most important
advantage, 7.6% of them believed that they had the role of reducing costs, while 3.4% of
them believed that the higher success rate obtained from the use of these technologies was
their main benefit.

Table 4. Respondents’ perception of the main benefit obtained by orthopedic doctors following the
use of the new medical technologies in this field.

Technologies Frequency Percentage (%)

They facilitate the activity of medical specialists 46 31.7

They reduce the performance time of some interventions 39 26.9

They reduce the costs of carrying out some interventions 11 7.6

Higher success rate with certain treatments 5 3.4

They provide detailed information on specific conditions 44 30.3

Analyzing the results obtained at the level of the linear multiple regression model, it
can be seen that the value of R is 0.944, while the value of R Square is 0.890, which illustrates
the fact that 89% of the variation of the dependent variable is explained by the independent
variables considered at the level of this model. The value of Adjusted R Square is 0.882
while the standard error registers the value of 0.584 (Table 5).

Table 5. Model summary.

R R Square Adjusted R Square Std. Error of the Estimate R Square Change
0.944 0.890 0.882 0.584 0.890

Following the analysis, it was noticed that the value of F is 108,850, and the value of
the degrees of freedom is 10 (df1), respectively, 134 (df2). The value of Mean Square is
37,061. Since the value of Sig. < 0.05, the proposed model is accepted (Table 6).
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Table 6. ANOVA analysis.

Model F df Sum of Squares Mean Square Sig.

Regression 108.850 10 370.610 37.061 0.000

Residual 134 45.624 0.340

Total 144 416.234

Analyzing the table of coefficients, in Table 7, it can be seen that only 6 of the
10 independent variables that were considered at the level of the linear multiple regres-
sion model were accepted, registering a value of Sig. < 0.05. The independent variables
that can be included in the regression model are the advantages perceived by orthopedic
doctors with regard to the new medical technologies, the experience of physicians in
using these medical technologies, their receptivity to the use of the new medical technolo-
gies, the quality of existing new medical technologies in orthopedics, the disadvantages
perceived by physicians regarding these technologies as well as the perceived risks. The
four variables for which the value of Sig. was greater than 0.05 are the ease of use of
the new medical technologies (Sig. = 0.867), the promotional activity carried out for
these medical technologies (Sig. = 0.349), the reliability of the new medical technologies
(Sig. = 0.056) as well as the cost of acquisition of the new technologies (Sig. = 0.476).

Table 7. Table of coefficients.

Unstandard. Coeff. Stand.
Coeff. t Sig.

Correlations Collinearity
Statistics

B Std. Error Beta Zero-order Partial Part Tolerance VIF

(Constant) −0.086 0.281 −0.308 0.759

The ease of use of the new
medical technologies 0.005 0.028 0.006 0.168 0.867 0.231 0.015 0.005 0.677 1.477

The promotional activities
carried out 0.022 0.024 0.031 0.939 0.349 0.228 0.081 0.027 0.750 1.333

The perceived advantages 0.240 0.031 0.316 7.694 0.000 0.751 0.554 0.220 0.486 2.058

The experience of
physicians in the use of the

new technologies
0.259 0.036 0.307 7.121 0.000 0.776 0.524 0.204 0.440 2.272

The receptiveness of
physicians in the use of the

new technologies
0.222 0.038 0.254 5.912 0.000 0.746 0.455 0.169 0.442 2.261

The quality of the
new technologies 0.289 0.029 0.351 10.064 0.000 0.676 0.656 0.288 0.673 1.487

The disadvantages of the
new technologies −0.060 0.025 −0.080 −2.409 0.017 0.305 −0.204 −0.069 0.739 1.354

The reliability of the
new technologies 0.055 0.028 0.073 1.926 0.056 0.498 0.164 0.055 0.573 1.747

The perceived risks −0.060 0.026 −0.076 −2.275 0.024 0.278 −0.193 −0.065 0.731 1.368

The acquisition cost of the
new technologies −0.020 0.028 −0.026 −0.715 0.476 0.417 −0.062 −0.020 0.613 1.633

Applying the indicators obtained in Table 5 (Std. Error of the Estimate) and in Table 7
(β coefficients and the constant) within Formula (1) of the multiple linear regression model,
the following formulas are obtained:

The intention of orthopedic doctors to use the new technologies in the medical field = 0.316 ∗ The advantages
perceived by orthopedic doctors regarding the new medical technologies + 0.307 ∗ The experience of physicians in the
use of these medical technologies + 0.254 ∗ The receptivity of orthopedic doctors regarding the use of the new medical
technologies + 0.351 ∗ The quality of the new medical technologies existing in the field of orthopedics − 0.80 ∗ The
disadvantages perceived by physicians regarding the new medical technologies − 0.76 ∗ The risks perceived by
orthopedic doctors regarding the use of the new medical technolo-gies + 0.584
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4. Discussion

The new technologies appearing on the market have greatly improved both the medical
and pharmaceutical fields [77]. They facilitated the work carried out by physicians, the
rapid identification of diagnoses, the performance of certain medical procedures, and
communication with the patients [78]. Some technologies have helped physicians to more
easily determine the most suitable treatment, perform surgical interventions as precisely as
possible, and monitor permanent patients [79]. Their role is to quickly search databases
and provide quick answers to certain problems that would normally take a very long time.
These medical technologies have the role of reducing human error and limiting problems
that may arise due to mistakes made by physicians or nurses [80]. The emergence of IoT,
artificial intelligence, 3D technologies [81], or robots has revolutionized medical activities,
with these technologies having the role not to replace the medical personnel, but to support
their activity. The current capabilities of automatic and deep learning are not yet ready
for a fully autonomous surgical intervention, as they are highly dependent on the human
resource performing a real-time task on the patient. Those who support the use of robots
on an increasingly large scale appreciate the benefits of robotic systems in performing
minimally invasive surgical interventions, although they are aware of the costs and the lack
of clear benefits that they bring.

The lack of awareness of the capability of computing power as well as the complex
nature of interaction with human tissue has led to delays in the penetration of AI in
orthopedic surgery. However, artificial intelligence is advancing at a rapid pace, its role
being to support medical practice and not to remove specialists from this field. The benefits
of implementing robots in orthopedics cannot be guaranteed, as in-depth studies need
to be conducted to analyze in detail the connection between intelligent computers, the
patient, and the doctor. Future robots could provide a degree of precision that would not
be possible to achieve by human specialists [82]. The environment could also be controlled
with AI, such as table tilt, temperature, and lights.

In this paper, quantitative research was carried out that aimed to identify the intention
of orthopedic doctors to use the new technologies. The results illustrated that orthopedic
doctors consider the new technologies in the medical field to be of major importance in
the activities that they carry out, gathering information about them both from internships
abroad as well as from specialized publications or websites. In the future, they would like
to use advanced devices based on artificial intelligence, robots, or 3D printing technology.
Regarding the linear multiple regression model, it was noticed that the intention of ortho-
pedic doctors to use the new medical technologies in this field of activity is influenced in a
high proportion by the advantages perceived by orthopedic doctors, by their experience
regarding the use of the new technologies, by their receptivity regarding their use, the
quality of the medical technologies existing on the market, the disadvantages perceived by
orthopedic doctors, but also the risks perceived by them.

Regarding the limits of this quantitative study, it must be stated that it was carried
out on a number of 145 respondents, which does not allow us to generalize the results
to the entire researched community. Moreover, at the level of quantitative research, only
the impact that 10 independent variables have on the dependent variable (the intention of
orthopedic doctors to use the new medical technologies in the pandemic era) was studied.
In the future, these studies should be carried out starting with certain in-depth interviews
to be carried out with several experts in the field of orthopedics. These interviews can
provide detailed information regarding the opinion of physicians regarding the possibility
of using new medical technologies in this sector of activity. In addition, they can be used
to identify other independent variables that can be considered at the level of the linear
multiple regression model. Moreover, in the future, other studies should be carried out both
among hospital managers and among those who coordinate the activity carried out within
private clinics. Their aim should be to identify the barriers they encounter in acquiring
the new technologies as well as how the acquisition process of new technologies can be
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facilitated so that orthopedic doctors have the opportunity to work with such medical tools
in the future.

5. Conclusions

The use of new medical technologies in the field of orthopedics is not limited only
to ML, DL, NLP, and computer vision, researchers in this field aim to achieve completely
autonomous medical actions. Even if they are being carried out to a certain extent at the
moment, it is desired to apply them on a much wider scale. Orthopedic doctors should
be prepared for the use of the new technologies, there should be specialized training to
show them how they can be implemented in the operating room or even in the practice. In
the future, it is considered that they will be used more and more efficiently in the decision-
making process and human risks and errors will be eliminated. Orthopedic doctors can
help integrate new technologies into modern medical practice, and because of this, they
should constantly collaborate with scientists, providing them with the data they need to
implement them in various applications. The new technologies can revolutionize the field
of orthopedics and have the ability to provide optimized patient care in the near future. In
the future, these technologies are expected to reduce physician burnout as well as the time
required to analyze a particular case or perform a surgical intervention, thus allowing for
an increase in the number of appointments or surgeries performed per day.

Author Contributions: Conceptualization, M.N., O.-S.H., G.P., A.G.S. and M.D.; methodology, M.N.,
O.-S.H., G.P., A.G.S. and M.D.; software, M.N., O.-S.H., G.P., A.G.S. and M.D.; validation, M.N.,
O.-S.H., G.P., A.G.S. and M.D.; formal analysis, M.N., O.-S.H. and G.P.; investigation, M.N., O.-S.H.
and G.P.; resources, M.N., O.-S.H., G.P., A.G.S. and M.D.; data curation, O.-S.H. and G.P.; writing—
original draft preparation, M.N., O.-S.H., G.P., A.G.S. and M.D.; writing—review and editing, M.N.,
O.-S.H., G.P., A.G.S. and M.D.; visualization, M.N., O.-S.H., G.P., A.G.S. and M.D.; supervision, M.N.,
O.-S.H., G.P., A.G.S. and M.D.; project administration, O.-S.H.; All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of University of Pitesti (code 4703/07.12.2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Poduval, M.; Ghose, A.; Manchanda, S.; Bagaria, V.; Sinha, A. Artificial intelligence and machine learning: A new disruptive force

in orthopaedics. Indian J. Orthop. 2020, 54, 109–122. [CrossRef] [PubMed]
2. Haleem, A.; Vaishya, R.; Javaid, M.; Khan, I.H. Artificial intelligence (AI) applications in orthopaedics: An innovative technology

to embrace. J. Clin. Orthop. Trauma 2020, 11 (Suppl. S1), S80–S81. [CrossRef] [PubMed]
3. St Mart, J.P.; Goh, E.L.; Liew, I.; Shah, Z.; Sinha, J. Artificial intelligence in orthopaedic surgery: Transforming technological

innovation in patient care and surgical training. Postgrad. Med. J. 2022. [CrossRef] [PubMed]
4. Hsu, C.L.; Chou, Y.C.; Li, Y.T.; Chen, J.E.; Hung, C.C.; Wu, C.C.; Shen, H.C.; Yeh, T.T. Pre-operative virtual simulation and

three-dimensional printing techniques for the surgical management of acetabular fractures. Int. Orthop. 2019, 43, 1969–1976.
[CrossRef] [PubMed]

5. Fontalis, A.; Epinette, J.A.; Thaler, M.; Zagra, L.; Khanduja, V.; Haddad, F.S. Advances and innovations in total hip arthroplasty.
SICOT-J. 2021, 7, 26. [CrossRef]

6. Jovicic, M.S.; Vuletic, F.; Ribicic, T.; Simunic, S.; Petrovic, T.; Kolundzic, R. Implementation of the three-dimensional printing
technology in treatment of bone tumours: A case series. Int. Orthop. 2021, 45, 1079–1085. [CrossRef]

7. Iyengar, K.P.; Gowers, B.T.V.; Jain, V.K.; Ahluwalia, R.S.; Botchu, R.; Vaishya, R. Smart sensor implant technology in total knee
arthroplasty. J. Clin. Orthop. Trauma 2021, 22, 101605. [CrossRef]

8. Kuroda, Y.; Young, M.; Shoman, H.; Punnoose, A.; Norrish, A.R.; Khanduja, V. Advanced rehabilitation technology in orthopaedics-
a narrative review. Int. Orthop. 2021, 45, 1933–1940. [CrossRef]

https://doi.org/10.1007/s43465-019-00023-3
https://www.ncbi.nlm.nih.gov/pubmed/32257027
https://doi.org/10.1016/j.jcot.2019.06.012
https://www.ncbi.nlm.nih.gov/pubmed/31992923
https://doi.org/10.1136/postgradmedj-2022-141596
https://www.ncbi.nlm.nih.gov/pubmed/35379754
https://doi.org/10.1007/s00264-018-4111-8
https://www.ncbi.nlm.nih.gov/pubmed/30128670
https://doi.org/10.1051/sicotj/2021025
https://doi.org/10.1007/s00264-020-04787-4
https://doi.org/10.1016/j.jcot.2021.101605
https://doi.org/10.1007/s00264-020-04814-4


Healthcare 2023, 11, 1524 13 of 15

9. Wang, C.; Huang, W.; Zhou, Y.; He, L.; Zhi, H.; Chen, Z.; He, X.; Tian, S.; Liao, J.; Lu, B.; et al. 3D printing of bone tissue
engineering scaffolds. Bioact. Mater. 2020, 5, 82–91. [CrossRef]

10. Whitaker, M. The history of 3D printing in healthcare. The Bulletin of the Royal College of Surgeons of England. Ann. R. Coll.
Surg. 2014, 96, 228–229.

11. Barrios-Muriel, J.; Romero-Sánchez, F.; Alonso-Sánchez, F.J.; Rodriguez, S.D. Advances in orthotic and prosthetic manufacturing:
A technology review. Materials 2020, 13, 295. [CrossRef] [PubMed]

12. Telfer, S.; Pallari, J.; Munguia, J.; Dalgarno, K.; McGeough, M.; Woodburn, J. Embracing additive manufacture: Implications for
foot and ankle orthosis design. BMC Musculoskelet. Disord. 2012, 13, 84. [CrossRef]

13. Sarcar, M.M.M.; Rao, K.M.; Lalit, N.K. Computer Aided Design and Manufacturing; PHI Learning Pvt. Ltd.: New Delhi, India, 2008.
14. Haleem, A.; Javaid, M. 3D scanning applications in medical field: A literature-based review. Clin. Epidemiol. Glob. Health 2019, 7,

199–210. [CrossRef]
15. Dal Maso, A.; Cosmi, F. 3D-printed ankle-foot orthosis: A design method. Mater. Today Proc. 2019, 12, 252–261. [CrossRef]
16. Ballester, A.; Pierola, A.; Parrilla, E.; Izquierdo, M.; Uriel, J.; Nacher, B.; Ortiz, V.; Gonzalez, J.C.; Page, A.F.; Alemany, S. Fast,

portable and low-cost 3D foot digitizers: Validity and reliability of measurements. In Proceedings of the 3DBODY.TECH 2017 of
the 8th International Conference and Exhibition on 3D Body Scanning and Processing Technologies, Montreal QC, Canada, 11–12
October 2017.

17. Numajiri, T.; Nakamura, H.; Sowa, Y.; Nishino, K. Low-cost design and manufacturing of surgical guides for mandibular
reconstruction using a fibula. Plastic and reconstructive surgery global open. Wolters Kluwer Health 2016, 4, e805.

18. Lal, H.; Patralekh, M.K. 3D printing and its applications in orthopaedic trauma: A technological marvel. J. Clin. Orthop. Trauma
2018, 9, 260–268. [CrossRef] [PubMed]

19. Herbert, N.; Simpson, D.; Spence, W.D.; Ion, W. A preliminary investigation into the development of 3-D printing of prosthetic
sockets. J. Rehabil. Res. Dev. 2005, 42, 141–146. [CrossRef] [PubMed]

20. Kim, S.J.; Kim, S.J.; Cha, Y.H.; Lee, K.H.; Kwon, J.Y. Effect of personalized wrist orthosis for wrist pain with three-dimensional
scanning and printing technique: A preliminary, randomized, controlled, open-label study. Prosthet. Orthot. Int. 2018, 42, 636–643.
[CrossRef]

21. Zeng, T.; Gao, D.W.; Wu, Y.F.; Chen, L.; Zhang, H.T. Small splint external fixation combined with 3D printing brace for the
treatment of Colles fractures. Zhongguo Gu Shang 2019, 32, 513–518.

22. Anderson, K.C.; Buehler, K.C.; Markel, D.C. Computer assisted navigation in total knee arthroplasty: Comparison with
conventional methods. J. Arthroplast. 2005, 20, 132–138. [CrossRef]

23. Bathis, H.; Perlick, L.; Tingart, M.; Luring, C.; Zurakowski, D.; Grifka, J. Alignment in total knee arthroplasty. A comparison of
computer-assisted surgery with the conventional technique. J. Bone Jt. Surg. Br. 2004, 86, 682–687. [CrossRef] [PubMed]

24. Chin, P.L.; Yang, K.Y.; Yeo, S.J.; Lo, N.N. Randomized control trial comparing radiographic total knee arthroplasty implant
placement using computer navigation versus conventional technique. J. Arthroplast. 2005, 20, 618–626. [CrossRef]

25. Hoffart, H.E.; Langenstein, E.; Vasak, N. A prospective study comparing the functional outcome of computer-assisted and
conventional total knee replacement. J. Bone Jt. Surg. Br. 2012, 94, 194–199. [CrossRef] [PubMed]

26. Sugano, N.; Nishii, T.; Miki, H.; Yoshikawa, H.; Sato, Y.; Tamura, S. Mid-term results of cementless total hip replacement using a
ceramic-on-ceramic bearing with and without computer navigation. J. Bone Jt. Surg. Br. 2007, 89, 455–460. [CrossRef]

27. Synder, M.; Altimimi, M.A.; Borowski, A.; Sibinski, M.; Drobniewski, M. Evaluation of outcomes of Total knee replacement with
and without a navigation system. Ortop. Traumatol. Rehabil. 2016, 18, 251–261. [CrossRef] [PubMed]

28. Conditt, M.A.; Roche, M.W. Minimally invasive robotic-arm-guided unicompartmental knee arthroplasty. J. Bone Jt. Surg. Am.
2009, 91 (Suppl. S1), 63–68. [CrossRef]

29. Elmallah, R.K.; Cherian, J.J.; Jauregui, J.J.; Padden, D.A.; Harwin, S.F.; Mont, M.A. Robotic-arm assisted surgery in Total hip
Arthroplasty. Surg. Technol. Int. 2015, 26, 283–288.

30. Schulz, A.P.; Seide, K.; Queitsch, C.; von Haugwitz, A.; Meiners, J.; Kienast, B.; Tarabolsi, M.; Kammal, M.; Jürgens, C. Results
of total hip replacement using the Robodoc surgical assistant system: Clinical outcome and evaluation of complications for 97
procedures. Int. J. Med. Robot. 2007, 3, 301–306. [CrossRef]

31. Gyles, C. Robots in medicine. Can. Vet. J. 2019, 60, 819–820.
32. Azuma, R.T. A survey of augmented reality. Presence Teleoperators Virtual Environ. 1997, 6, 355–385. [CrossRef]
33. Wellner, P.; Mackay, W.; Gold, R. Computer-augmented environments—Back to the real-world. Commun. ACM 1993, 36, 24–26.

[CrossRef]
34. Gyftopoulos, S.; Lin, D.; Knoll, F.; Doshi, A.M.; Rodrigues, T.C.; Recht, M.P. Artificial intelligence in musculoskeletal imaging:

Current status and future directions. AJR Am. J. Roentgenol. 2019, 213, 506–513. [CrossRef] [PubMed]
35. Lakhani, P.; Prater, A.B.; Hutson, R.K.; Andriole, K.P.; Dreyer, K.J.; Morey, J.; Prevedello, L.M.; Clark, T.J.; Geis, J.R.; Itri, J.N.; et al.

Machine learning in radiology: Applications beyond image interpretation. J. Am. Coll. Radiol. 2018, 15, 350–359. [CrossRef]
36. Hammernik, K.; Klatzer, T.; Kobler, E.; Sodickson, D.K.; Pock, T.; Knoll, F. Learning a variational network for reconstruction of

accelerated MRI data. Magn. Reson. Med. 2018, 79, 3055–3071. [CrossRef]
37. El-Galaly, A.; Grazal, C.; Kappel, A.; Nielsen, P.T.; Jensen, S.L.; Forsberg, J.A. Can machine-learning algorithms predict early

revision TKA in the Danish knee arthroplasty registry? Clin. Orthop. Relat. Res. 2020, 478, 2088–2101. [CrossRef] [PubMed]

https://doi.org/10.1016/j.bioactmat.2020.01.004
https://doi.org/10.3390/ma13020295
https://www.ncbi.nlm.nih.gov/pubmed/31936429
https://doi.org/10.1186/1471-2474-13-84
https://doi.org/10.1016/j.cegh.2018.05.006
https://doi.org/10.1016/j.matpr.2019.03.122
https://doi.org/10.1016/j.jcot.2018.07.022
https://www.ncbi.nlm.nih.gov/pubmed/30202159
https://doi.org/10.1682/JRRD.2004.08.0134
https://www.ncbi.nlm.nih.gov/pubmed/15944878
https://doi.org/10.1177/0309364618785725
https://doi.org/10.1016/j.arth.2005.05.009
https://doi.org/10.1302/0301-620X.86B5.14927
https://www.ncbi.nlm.nih.gov/pubmed/15274263
https://doi.org/10.1016/j.arth.2005.04.004
https://doi.org/10.1302/0301-620X.94B2.27454
https://www.ncbi.nlm.nih.gov/pubmed/22323685
https://doi.org/10.1302/0301-620X.89B4.18458
https://doi.org/10.5604/15093492.1212869
https://www.ncbi.nlm.nih.gov/pubmed/28157081
https://doi.org/10.2106/JBJS.H.01372
https://doi.org/10.1002/rcs.161
https://doi.org/10.1162/pres.1997.6.4.355
https://doi.org/10.1145/159544.159555
https://doi.org/10.2214/AJR.19.21117
https://www.ncbi.nlm.nih.gov/pubmed/31166761
https://doi.org/10.1016/j.jacr.2017.09.044
https://doi.org/10.1002/mrm.26977
https://doi.org/10.1097/CORR.0000000000001343
https://www.ncbi.nlm.nih.gov/pubmed/32667760


Healthcare 2023, 11, 1524 14 of 15

38. Fontana, M.A.; Lyman, S.; Sarker, G.K.; Padgett, D.E.; MacLean, C.H. Can machine learning algorithms predict which patients
will achieve minimally clinically important differences from Total joint arthroplasty? Clin. Orthop. Relat. Res. 2019, 477, 1267–1279.
[CrossRef]

39. Ramkumar, P.N.; Karnuta, J.M.; Navarro, S.M.; Haeberle, H.S.; Scuderi, G.R.; Mont, M.A.; Krebs, V.E.; Patterson, B.M. Deep
learning preoperatively predicts value metrics for primary Total knee arthroplasty: Development and validation of an artificial
neural network model. Arthroplasty 2019, 34, 2220–2227. [CrossRef] [PubMed]

40. Wu, D.; Liu, X.; Zhang, Y.; Chen, J.; Tang, P.; Chai, W. Research and application of artificial intelligence based three-dimensional
preoperative planning system for total hip arthroplasty. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi 2020, 34, 1077–1084. [PubMed]

41. Bini, S.A.; Shah, R.F.; Bendich, I.; Patterson, J.T.; Hwang, K.M.; Zaid, M.B. Machine learning algorithms can use wearable
sensor data to accurately predict six-week patient-reported outcome scores following joint replacement in a prospective trial. J.
Arthroplast. 2019, 34, 2242–2247. [CrossRef]

42. Murphy, M.; Killen, C.; Burnham, R.; Sarvari, F.; Wu, K.; Brown, N. Artificial intelligence accurately identifies total hip arthroplasty
implants: A tool for revision surgery. HIP Int. 2022, 32, 766–770. [CrossRef]

43. Forsberg, J.A. CORR insights: What is the accuracy of three different machine learning techniques to predict clinical outcomes
after shoulder arthroplasty? Clin. Orthop. Relat. Res. 2020, 478, 2364–2366. [CrossRef] [PubMed]

44. Helm, J.M.; Swiergosz, A.M.; Haeberle, H.S.; Karnuta, J.M.; Schaffer, J.L.; Krebs, V.E.; Spitzer, A.I.; Ramkumar, P.N. Machine
Learning and Artificial Intelligence: Definitions, Applications, and Future Directions. Curr. Rev. Musculoskelet. Med. 2020, 13,
69–76. [CrossRef] [PubMed]

45. Karnuta, J.M.; Haeberle, H.S.; Luu, B.C.; Roth, A.L.; Molloy, R.M.; Nystrom, L.M.; Piuzzi, N.S.; Schaffer, J.L.; Chen, A.F.;
Iorio, R.; et al. Artificial intelligence to identify arthroplasty implants from radiographs of the hip. Arthroplasty 2020, 36,
S290–S294. [CrossRef] [PubMed]

46. Pua, Y.H.; Kang, H.; Thumboo, J.; Clark, R.A.; Chew, E.S.; Poon, C.L.; Chong, H.C.; Yeo, S.J. Machine learning methods are
comparable to logistic regression techniques in predicting severe walking limitation following total knee arthroplasty. Knee Surg.
Sport. Traumatol. Arthrosc. 2020, 28, 3207–3216. [CrossRef] [PubMed]

47. Lu, Y.; Khazi, Z.M.; Agarwalla, A.; Forsythe, B.; Taunton, M.J. Development of a machine learning algorithm to predict nonroutine
discharge following Unicompartmental knee arthroplasty. J. Arthroplast. 2021, 36, 1568–1576. [CrossRef]

48. Kunze, K.N.; Karhade, A.V.; Sadauskas, A.J.; Schwab, J.H.; Levine, B.R. Development of machine learning algorithms to predict
clinically meaningful improvement for the patient-reported health state after Total hip arthroplasty. J. Arthroplast. 2020, 35,
2119–2123. [CrossRef]

49. Tibbo, M.E.; Wyles, C.C.; Fu, S.; Sohn, S.; Lewallen, D.G.; Berry, D.J.; Maradit Kremers, H. Use of natural language processing
tools to identify and classify Periprosthetic femur fractures. Arthroplasty 2019, 34, 2216–2219. [CrossRef]

50. Chung, S.W.; Han, S.S.; Lee, J.W.; Oh, K.S.; Kim, N.R.; Ypoon, J.P.; Kim, J.Y.; Moon, S.H.; Kwon, J.; Lee, H.J.; et al. Automated
detection and classification of the proximal humerus fracture by using deep learning algorithm. Acta Orthop. 2018, 89, 468–473.
[CrossRef]

51. Jamaludin, A.; Lootus, M.; Kadir, T.; Zisserman, A.; Urban, J.; Battié, M.C.; Fairbank, J.; McCall, I. Issls prize in bioengineering
science 2017: Automation of reading of radiological features from magnetic resonance images (MRIs) of the lumbar spine without
human intervention is comparable with an expert radiologist. Eur. Spine J. 2017, 26, 1374–1383. [CrossRef]

52. Zhou, Z.; Zhao, G.; Kijowski, R.; Liu, F. Deep convolutional neural network for segmentation of knee joint anatomy. Magn. Reson.
Med. 2018, 80, 2759–2770. [CrossRef]

53. Kim, J.S.; Arvind, V.; Oermann, E.K.; Kaji, D.; Ranson, W.; Ukogu, C.; Hussain, A.K.; Caridi, J.; Cho, S.K. Predicting surgical
complications in patients undergoing elective adult spinal deformity procedures using machine learning. Spine Deform. 2018, 6,
762–770. [CrossRef] [PubMed]

54. Olczak, J.; Fahlberg, N.; Maki, A.; Razavian, A.S.; Jilert, A.; Stark, A.; Skoldenberg, O.; Gordon, M. Artificial intelligence for
analyzing orthopaedic trauma radiographs. Acta Orthop. 2017, 88, 581–586. [CrossRef] [PubMed]

55. Currie, G.; Hawk, K.E.; Rohren, E.; Vial, A.; Klein, R. Machine learning and deep learning in medical imaging: Intelligent imaging.
J. Med. Imaging Radiat. Sci. 2019, 50, 477–487. [CrossRef] [PubMed]

56. Wagner, J.B. Artificial intelligence in medical imaging. Radiol. Technol. 2019, 90, 489–501. [PubMed]
57. Giger, M.L. Machine learning in medical imaging. J. Am. Coll. Radiol. 2018, 15, 512–520. [CrossRef]
58. Stoica (Răpan), I.; Zaman, G.; Suciu, M.-C.; Purcărea, V.-L.; Jude, C.-R.; Radu, A.-V.; Catană, A.; Radu, A.-C. A Better Integration

of Industrial Robots in Romanian Enterprises and the Labour Market. Appl. Sci. 2022, 12, 6014. [CrossRef]
59. Lang, J.E.; Mannava, S.; Floyd, A.J.; Goddard, M.S.; Smith, B.P.; Mofidi, A.; Seyler, T.M.; Jinnah, R.H. Robotic systems in

orthopaedic surgery. J. Bone Jt. Surg. Br. 2011, 93, 1296–1299. [CrossRef]
60. Mittelstadt, B.; Paul, H.; Kazanzides, P.; Zuhars, J.; Williamson, B.; Pettitt, R.; Cain, P.; Kloth, D.; Rose, L.; Musits, B. Development

of a surgical robot for cementless total hip replacement. Robotica 1993, 11, 553–560. [CrossRef]
61. Jacofsky, D.J.; Allen, M. Robotics in Arthroplasty: A Comprehensive Review. J. Arthroplast. 2016, 31, 2353–2363. [CrossRef]
62. Siebert, W.; Mai, S.; Kober, R.; Heeckt, P.F. Technique and first clinical results of robot-assisted total knee replacement. Knee 2002,

9, 173–180. [CrossRef]
63. Siebel, T.; Käfer, W. Clinical outcome following robotic assisted versus conventional total hip arthroplasty: A controlled and

prospective study of seventy-one patients. Z. Orthop. Ihre Grenzgeb. 2005, 143, 391–398. [CrossRef] [PubMed]

https://doi.org/10.1097/CORR.0000000000000687
https://doi.org/10.1016/j.arth.2019.05.034
https://www.ncbi.nlm.nih.gov/pubmed/31285089
https://www.ncbi.nlm.nih.gov/pubmed/32929897
https://doi.org/10.1016/j.arth.2019.07.024
https://doi.org/10.1177/1120700020987526
https://doi.org/10.1097/CORR.0000000000001344
https://www.ncbi.nlm.nih.gov/pubmed/32511144
https://doi.org/10.1007/s12178-020-09600-8
https://www.ncbi.nlm.nih.gov/pubmed/31983042
https://doi.org/10.1016/j.arth.2020.11.015
https://www.ncbi.nlm.nih.gov/pubmed/33281020
https://doi.org/10.1007/s00167-019-05822-7
https://www.ncbi.nlm.nih.gov/pubmed/31832697
https://doi.org/10.1016/j.arth.2020.12.003
https://doi.org/10.1016/j.arth.2020.03.019
https://doi.org/10.1016/j.arth.2019.07.025
https://doi.org/10.1080/17453674.2018.1453714
https://doi.org/10.1007/s00586-017-4956-3
https://doi.org/10.1002/mrm.27229
https://doi.org/10.1016/j.jspd.2018.03.003
https://www.ncbi.nlm.nih.gov/pubmed/30348356
https://doi.org/10.1080/17453674.2017.1344459
https://www.ncbi.nlm.nih.gov/pubmed/28681679
https://doi.org/10.1016/j.jmir.2019.09.005
https://www.ncbi.nlm.nih.gov/pubmed/31601480
https://www.ncbi.nlm.nih.gov/pubmed/31088949
https://doi.org/10.1016/j.jacr.2017.12.028
https://doi.org/10.3390/app12126014
https://doi.org/10.1302/0301-620X.93B10.27418
https://doi.org/10.1017/S0263574700019408
https://doi.org/10.1016/j.arth.2016.05.026
https://doi.org/10.1016/S0968-0160(02)00015-7
https://doi.org/10.1055/s-2005-836776
https://www.ncbi.nlm.nih.gov/pubmed/16118753


Healthcare 2023, 11, 1524 15 of 15

64. Burger, J.A.; Kleeblad, L.J.; Laas, N.; Pearle, A.D. Mid-term survivorship and patient-reported outcomes of robotic-arm assisted
partial knee arthroplasty. Bone Jt. J. 2020, 102, 108–116. [CrossRef] [PubMed]

65. Domb, B.G.; Chen, J.W.; Lall, A.C.; Perets, I.; Maldonado, D.R. Minimum 5-year outcomes of robotic-assisted primary total hip
arthroplasty with a nested comparison against manual primary total hip arthroplasty: A propensity score-matched study. J. Am.
Acad. Orthop. Surg. 2020, 28, 847–856. [CrossRef]

66. Borjali, A.; Chen, F.; Muratoglu, O.K.; Morid, M.A.; Varadarajan, K.M. Deep Learning in Orthopaedics: How Do We Build Trust
in the Machine? Healthc. Transform. 2020, 1–6. [CrossRef]

67. Bolton, R.N.; Drew, J.H. A multistage model of customers' assessments of service quality and value. J. Consum. Res. 1991, 17,
375–384. [CrossRef]

68. Parasuraman, A.; Zeithaml, V.A.; Berry, L.L. A conceptual model of service quality and its implications for future research. J.
Mark. 1985, 49, 41–50. [CrossRef]

69. Parasuraman, A.; Zeithaml, V.A.; Berry, L.L. SERVQUAL: A multiple-item scale for measuring consumer perceptions of service
quality. J. Retail. 1988, 64, 12–40.

70. Benlian, A.; Koufaris, M.; Hess, T. The role of SAAS Service quality for continued SAAS use: Empirical insights from SAAS using
firms. In Proceedings of the 31st International Conference on Information Systems, St. Louis, MO, USA, 12–15 December 2010.

71. Carman, J.M. Consumer perceptions of service quality: An assessment of the servqual dimensions. J. Retail. 1990, 66, 33–55.
72. Grönroos, C. A service quality model and its marketing implications. Eur. J. Mark. 1984, 18, 36–44. [CrossRef]
73. T, ap, M.D.; Radu, A.-C.; Petrescu, D.G.; Stanciu (Neculau), C.; Răducu, R.-C. The Main Decisional Factors That Influence the

Decision of the Patients Suffering from Diabetes to Have Dental Implants Using New Technologies after the COVID-19 Pandemic
Period. Sustainability 2023, 15, 2053. [CrossRef]

74. Radu, A.-C.; Stoica (Răpan), I.; Catanã, A.; Radu, A.-V.; Dan, M.-L. European Funds in Tourism Sustainability—A Case Study of
Beneficiaries’ Satisfaction Regarding the Process of Accessing. Sustainability 2021, 13, 9109. [CrossRef]

75. Neicu, A.-I.; Radu, A.-C.; Zaman, G.; Stoica, I.; Răpan, F. Cloud Computing Usage in SMEs. An Empirical Study Based on SMEs
Employees Perceptions. Sustainability 2020, 12, 4960. [CrossRef]

76. Jobson, J.D. Multiple Linear Regression. In Applied Multivariate Data Analysis; Springer: New York, NY, USA, 1991.
77. Radu, A.V.; Tascu, A.V.; Stoica, I.; Radu, A.C.; Purcarea, V.L. Online instruments used in pharmaceutical marketing. Farmacia

2017, 65, 317–322.
78. Shah, N.V.; Gold, R.; Dar, Q.A.; Diebo, B.G.; Paulino, C.B.; Naziri, Q. Smart Technology and Orthopaedic Surgery: Current

Concepts Regarding the Impact of Smartphones and Wearable Technology on Our Patients and Practice. Curr. Rev. Musculoskelet.
Med. 2021, 14, 378–391. [CrossRef] [PubMed]

79. Merle, G.; Miclau, T.; Parent-Harvey, A.; Harvey, E. Sensor technology usage in orthopedic trauma. Injury 2022, 53, S59–S63.
[CrossRef]

80. Vaishya, R.; Scarlat, M.M.; Iyengar, K.P. Will technology drive orthopaedic surgery in the future? Int. Orthop. (SICOT) 2022, 46,
1443–1445. [CrossRef]

81. Shi, J.; Cavagnaro, M.J.; Xu, S.; Zhao, M. The Application of Three-Dimensional Technologies in the Improvement of Orthopedic
Surgery Training and Medical Education Quality: A Comparative Bibliometrics Analysis. Front. Bioeng. Biotechnol. 2022, 10, 852608.
[CrossRef]

82. Camarillo, D.B.; Krummel, T.M.; Salisbury, J.K. Robotic technology in surgery: Past, present, and future. Am. J. Surg. 2004,
188 (Suppl. S1), 2S–15S. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1302/0301-620X.102B1.BJJ-2019-0510.R1
https://www.ncbi.nlm.nih.gov/pubmed/31888356
https://doi.org/10.5435/JAAOS-D-19-00328
https://doi.org/10.1089/heat.2019.0006
https://doi.org/10.1086/208564
https://doi.org/10.1177/002224298504900403
https://doi.org/10.1108/EUM0000000004784
https://doi.org/10.3390/su15032053
https://doi.org/10.3390/su13169109
https://doi.org/10.3390/su12124960
https://doi.org/10.1007/s12178-021-09723-6
https://www.ncbi.nlm.nih.gov/pubmed/34729710
https://doi.org/10.1016/j.injury.2022.09.036
https://doi.org/10.1007/s00264-022-05454-6
https://doi.org/10.3389/fbioe.2022.852608
https://doi.org/10.1016/j.amjsurg.2004.08.025

	Introduction 
	How AI Works in Analyzing Medical Datasets 
	The Use of New Technologies in Orthopedic Practice 
	The Use of Robots in the Orthopedic Field 
	The Research Hypotheses Were the Following 

	Materials and Methods 
	Survey Design 
	Regression Model 

	Results 
	Discussion 
	Conclusions 
	References

