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Abstract: Innovative technologies can improve user usability and satisfaction in computer-based
activities in the work environment, including surgeons working in the operating room (OR). A
scrubbed surgeon must ask unscrubbed staff to retrieve medical images from a surgical PACS system
on a monitor in a hybrid operating room. The study aimed to check users’ usability and satisfaction
with the designed and developed Ortho_Kinect_OR application, which enables contactless control
of access to medical images during surgery. The application also facilitates access to telemedicine
applications such as intraoperative telementoring during orthopedic procedures or tele-education.
The application’s usability was tested by assigning standardized tasks to surgeons for PACS and
teleconferencing in the operating room. Hand gestures were recognized and translated to function
like mouse buttons. Field tests conducted among orthopedic surgeons showed high usability and
user satisfaction. PACS access in the operating room did not distract the orthopedic surgeon during
orthopedic surgery procedures. All surgeons completed the tests and tasks without any problems.
OR field test results showed high agreement among users and were very satisfactory. Junior surgeons
and residents pointed out that people with average computer knowledge could use the application. It
has been shown that the contactless system designed and built based on the Kinect sensor available on
the shelves meets the requirements of the operating room environment and is easy to use. Touchless
controller technology provides the opportunity to increase the use of intraoperative imaging previews
and improve the safety of surgical patients by improving sterility and reducing unnecessary staff in
the operating room. Using the Ortho_Kinect_OR application and the Kinect sensor, it is possible to
provide contactless access to videoconference telementoring and PACS in the operating room without
an orthopedic surgeon’s unnecessary distraction in the operating room environment.

Keywords: Kinect; gestures; operating room; orthopedic surgery; touchless image retrieval; PACS;
telementoring; scrubbed surgeon-computer interaction

1. Introduction

Gesture-based computer interfaces are well-known to many researchers [1]. The
widespread use of input video game consoles (such as Microsoft, Xbox Kinect, Nintendo
Wii, and PlayStation Move) has taken human—computer interaction (HCI) to entirely
new, unexplored levels. There has been extensive research into developing this type of
human-computer interaction [2—4]. The Picture Archiving and Communication System
(PACS) has become a standard in the handling and archiving of medical images displayed
in digital form. Imaging is needed on a computer screen in an operating room (OR)
environment. The success of the last elective surgery is based on quick access to the
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preoperative and intra-operative images and the provision of preoperative planning using
digital templates [5-9]. Viewing medical images during surgical procedures and turning
on teleconferencing applications in a hybrid operating room may be necessary to verify
surgical indications or seek the opinion of a consultant remotely as part of telementoring.
In the operating room, where the environment requires maintaining sterility, running
applications on monitors should also be available to scrubbed surgeons. Viewing patients’
images on a PACS workstation is usually limited to a traditional computer mouse, touchpad,
and keyboard. A surgeon wishing to use the computer independently would have to be
unscrubbed. Another way is to cooperate with an additional unscrubbed assistant, i.e., an
additional person is needed temporarily or permanently in the operating room to operate
the PACS workstation. Increasing the number of staff in the operating room may increase
the risk of environmental contamination. Almost 50 years ago, the operating room staff
was shown to be the primary source of bacteria [10]. Therefore, limiting traffic in the OR is
highly recommended [11].

Moreover, additional staff can distract the operating surgeon, increasing operation
time. The surgeon can communicate verbally and express the needs of the screen image
and the appropriate templates and resources. The procedure itself can be time-consuming,
interrupting the work and distracting the surgeon, leading to an increase in the frequency
of surgeries [12,13].

Gratzel [14] has shown that, on average, communication with the assistant may con-
sume up to 7 min to click on the exact location indicated by the surgeon. They improve
diagnostic imaging during the surgical procedure and maintain appropriate field sterility
during the surgery. There has been considerable interest in touch-free image manipulation
interfaces. In the current literature, few papers address the problem of the touchless opera-
tion of PACS browsers, including Osirix [1,15]. There are some reports concerning such
devices used for medical purposes [16-21]. There is no evidence in the literature for using a
touchless interface that allows viewing and handling medical images and connecting with
an associate or supervising surgeon for telementoring sessions or educational purposes
directly from the operating room using hand gestures in orthopedics. As necessary from
the point of view of functionality, the use of a contactless interface was considered to
increase the cleanliness of the operating room environment, reduce the necessary number
of medical personnel needed to ensure the proper course of the surgery while meeting the
requirements, and provide at least the same performance compared to current procedures.

The study aimed to conduct field tests with end users (orthopedic surgeons) and assess
the feasibility and suitability of the developed application for contactless control of medical
image visualization and switching on the surgical telementoring session.

2. Materials and Methods

The prototype of a virtual mouse application controlled with hand gestures captured
from a Kinect-based sensor was developed for surgical purposes. The application can
handle the majority of Windows applications. The Kinect device was used as a motion
sensor. Microsoft launched the device in 2010 with gaming as its primary implementation.
However, it should be mentioned that non-gaming applications and Kinect for Windows
appeared around 2011 and began to be used in medicine [22-24], frequently in rehabilita-
tion [25-29], posture assessment [30,31], and gait analysis [32-34]. The Kinect is no longer
produced in its former form. In 2020, Microsoft released a continuation of the technology as
Azure Kinect by integrating with the Microsoft Azure cloud computing platform, enabling
the compatibility of the solution [35-37].

It was devoted to recognizing body gestures and serves as a game controller. The
device has a high-resolution color camera and a depth sensor with a lower resolution. It
allows for capturing RGBD (RGB + depth) images at a frequency of 30 frames per second.
Four microphones have a noise-filtering function.
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Preliminary tests facilitated the choice of the specific hand gestures used in the Or-
tho_Kinect_OR application for some Kinect sensor gaming experiences and were selected
by the authors considering the circumstances and specific environment of the OR.

Gesture Recognition Algorithms (GRA) enabled control based on three modes: Mode
1 (Figure 1a) is created by combining a gesture with two fingers raised and simulating a
mouse button. Moving the cursor was like moving the operator’s hand; finger movements
allowed the operator to imitate a raised click. Mode 2 (Figure 1b) simulates the action of
the mouse rollers by pushing the open hand up and down, which allows for fast scrolling.
Mode 3 (Figure 1c), making a fist, was used by moving the cursor while holding the left
mouse button. The above approach allowed objects to be rotated and moved in many
applications for graphics. The back-and-forth movements imitate the action of a roller. It is
possible to recognize these gestures when using a computer, browsing the web, and using
various applications.

(a) (b) (©)

Figure 1. Hand gesture modes for imitating computer mouse behavior: (a) mode 1, (b) mode 2, and
(c) mode 3.

The functionality described above was implemented in C++ and installed as a virtual
mouse controller on the OR PACS station. The OR PACS station has an easy-to-disinfect
medical keyboard, an integrated touchpad, and an antibacterial coating. After placing the
switchboard in it, the keyboard served as the basis for the Kinect. Kinect is connected using
one of the USB connectors. Testing was conducted on the OR-PACS station using PACS
software (Philips IntelliSpace Release 3.2.5P1) used routinely at the facility to view DICOM
files. This setup allowed the user to evaluate the usability and user-friendliness of such
a system.

Field testing and feasibility studies aimed to provide an early version of the application
to a small sample of the target audience. By testing the application in a “real” environment,
app developers can gather valuable information that will help them improve survey items.
The feasibility study aimed to objectively and rationally reveal the strengths and weaknesses
of the developed solution. Generally, feasibility studies precede the project’s technical
development and final implementation. A feasibility study evaluates the project’s potential
for success. The authors conducted the study as objectively and impartially as possible.

The study was conducted from 1 October 2014 to 30 December 2014. Participants were
first familiarized with the procedure and purpose of the study. After formal acceptance,
they were prepared to enter the OR to perform experimental tests. The recruited orthopedic
surgeons invited to participate in the Center of Excellence “TeleOrto” field tests presented
different experience levels and demographic characteristics. Participants were given a few
minutes of instruction (five minutes per person) to use the gesture learning program. After
this time, they proceeded to a series of practical tests. At first, each participant was asked
to switch on the PACS client without using a standard keyboard. During this operation,
entering the username and password was necessary using the virtual keyboard available in
Windows 7 Pro. The next part of the test was finding a set of PACS X-rays of the patient’s
hip to take measurements. Test the use of the software for measurements based on the
measurement of the size of the base of the head of the hip prosthesis. It was found that
measuring such a small element would require the respondents to simultaneously use
several functions offered by the system (Figure 2). The PACS station is operated by the
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surgeon contactless, remotely in the operating room, as seen in Figure 3, so the participant
had to start the system, retrieve the medical image, use the measurement system menu,
and then measure the object. The time to complete all tasks, the time to complete each task,
and the measurement time and their precision were assessed.

Figure 2. The orthopedic surgeon is seen using the App in the OR.

Figure 3. The PACS station is touchless, operated by the surgeon at a distance in the OR.

Switching on other applications like videoconferencing for telementoring purposes
supplemented the final task.

After completing all the tasks, the participants were asked to complete a special
questionnaire. The Ortho_Kinect_OR User Satisfaction and Satisfaction Assessment Form
consists of 14 closed-ended questions that allow self-assessment by taking the test. Answers
to questions were based on a Likert scale or affirmative /negative responses. The questions
and statements were related to program initialization issues, the ability to initialize the
App, the ease of Kickstarter, remembering all movements and gestures required to use the
App, ease and problems when using the numeric keypad, the ability to recover patient
data (images) from PACS, intuitive movements/gestures required to operate the App,
understandability of the App, assessing the quality of navigation in the App, ease of use,
and having the skills to run the App. When evaluating the App, surgeons were asked to
answer questions such as the following: Did they enjoy using the App? Would the surgeon
recommend the use of the App to other surgeons? Is it better to use applications rather than
traditional PACS viewers? Is it better to use the numeric keypad or keyboard remotely?
Did sterile gowns make it challenging to use the App? Did using the App make it easier to
view PACS in the OR? Did the use of the App affect the effectiveness of activities? Did it
facilitate the execution of planned tasks? Was the App helpful during the operation? Was
using the App a good idea? Did the surgeon like the App and should additional training to
use the App better be necessary?

The presented setup allowed us to evaluate the usability and user-friendliness of such
a system.

Orthopedic surgeons with different experience levels and demographic characteristics
were recruited for the field test. Participants were given a few minutes of instruction (five
minutes per person) to use the gesture learning program. After this time, they proceeded
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to a series of practical tests. At first, the participant was asked to enable the PACS client
without using a standard keyboard. During this operation, entering the username and
password was necessary using the virtual keyboard available in Windows 7 Pro. The next
part of the test was finding a set of PACS X-rays of the patient’s hip to take measurements.
Test the use of the software for measurements based on the measurement of the size of the
base of the head of the hip prosthesis. It was found that measuring such a small element
would require the respondents to simultaneously use several functions offered by the
system (Photo 5). The participant will need to start the roll to zoom in on the image by
clicking on both mouse buttons to navigate the menu of the PACS measurement system
and then measure the object. The time to complete all tasks, the time to complete each task,
and the measurement time and their precision were assessed.

After completing all the tasks, the participants were asked to complete a special
questionnaire. The Ortho_Kinect_OR User Satisfaction and User Satisfaction Assessment
Form consisted of 14 questions, 7 open ones, which allowed self-review by entering the test,
and 3 close-ended on a Likert scale from 1 to 10, where 1 is the lowest and 10 is the highest
level in the two answers. There were also several embodiments for 3 and 4 with possible
selection variants. Seven questions were answered based on the Likert scale. Others were
closed-ended questions with affirmative or negative responses.

The operating room used for the study was accessible after the scheduled surgical
procedures were performed and did not disrupt the surgical plan in any respect.

3. Results

Five participants finalized the study tasks. Two were specialists; the remaining part of
the group were residents of varying degrees of advancement in the specialization (PGY-4
-1, PGY-3 -1, and PGY-1 -1). All participants followed the scheduled protocol. The mean
age of the study participants was 35.6 years (range: 28-53). Only two people reported
little or no experience with video games, including those controlled with Kinect. Others
admitted playing occasionally. The average testing time was 5:19 min (7:25-3:25). The
mean measurement time for the hip base was 29.8 s (range: 37.0-25.0).

Using a designated number of approaches to accurately measure results, study partici-
pants took an average of three approaches (range: 1-5). None of the examiners bothered to
perform surgical tasks while wearing a suit in the operating room. Four respondents stated
that the gestures to operate the program are intuitive. When asked about the legibility
of the program on a scale from 1 to 10, the average respondent selected 7 (range: 5-10).
When asked about the quality of navigation, 1-10 respondents obtained an average of 5.2
(range: 3-8). All respondents recognized the need for further training in using the program,
which will allow them to use the tools more effectively. One person felt stressed during
the test. Among the advantages of the presented solution, the respondents indicated at
least three issues. The most frequently indicated advantages are responses regarding the
touchless use of PACS, decreased distance walking in the operating room and the number
of interpersonal interactions during the procedure, and reduced staff in the operating room.
The most frequently reported opinion about the shortcomings of the presented solution
was a complaint about slower PACS handling. Two respondents reported needing more
skills to operate the program.

One person reflects on the handler that was challenging for him. Answering ques-
tions about the commands used by different surgeons, all surgeons decided to recom-
mend ORTO_KINECT_OR to other surgeons. Only one of the respondents stated that
ORTO_KINECT_OR lacked a traditional form of viewing imaging examinations. In the
surveys, only one person raised the issue of insufficient precision during a given operation
due to errors in the performance of tasks. Four out of five respondents reported a proposal
to improve work precision in future device versions as part of the conclusions drawn
from the system performance improvement. The agreement between the evaluators on the
selected questions is presented in Table 1. The calculated overall agreement coefficients for
all raters are presented in Table 2.
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Table 1. This table presents the agreement of answers regardless of the value of the response.

Question/Statement Agreement

Did you have problems initializing the program? 100%

Were you able to initialize the ORTHO _KINECT_OR? 40%

Was the Kickstarter easy for you? 100%

I remembered all the movements and gestures 60%

Using the numeric keypad was easy for me 30%

Have you had a problem with the numeric keypad? 40%

Were you able to recover patient data from PACS? 100%

Are the movements/gestures in ORTHO _KINECT_OR intuitive? 60%
How understandable is Ortho_Kinect_OR to you? 10%

How do you rate the quality of ORTHO_KINECT_OR navigation? 10%
Using ORTHO_KINECT_OR was easy for me 60%

I'was skilled enough to use ORTHO_KINECT_OR 40%

Did you enjoy using ORTHO_KINECT_OR? 100%

Would you recommend ORTHO_KINECT_OR to another surgeon? 100%
Is it better to use ORTHO_KINECT_OR than a traditional PACS viewer? 60%
Is it better to use ORTHO_KINECT_OR than a numeric keypad? 40%
Did sterile gowns make it difficult to use ORTHO_KINECT_OR? 100%
Did ORTHO_KINECT_OR make it easier to view PACS in the OR? 30%
Did ORTHO_KINECT_OR affect the efficiency of the operation? 30%
Did ORTHO_KINECT_OR make it easier to complete scheduled tasks? 30%
Was ORTHO_KINECT_OR useful during the operation? 20%

Was using ORTHO_KINECT_OR a good idea? 40%

How are you enjoying ORTHO_KINECT_OR? 40%

Is additional training needed to use ORTHO_KINECT_OR better? 60%

Table 2. This table presents the overall agreement coefficients for all raters. AC—Gwet’s coefficient
and BP—Brennan—Prediger coefficient.

Method Estimate Std Error 95% C.I.
AC 0.55 0.061 (0.425: 0.675)

Kappa 0.43 0.057 (0.322: 0.556)
BP 0.54 0.061 (0.417: 0.665)

Conger 0.44 0.057 (0.325: 0.559)

No one reported problems with launching and logging into the system—the most
negative opinions concerned typing on a virtual keyboard. Three surveyed physicians
identified hand discomfort and fatigue as the main problems when using the App, which
required a unique, unusual lifting of the hands and forearms in space. All respondents
pointed to the disadvantage that the accuracy and precision of performing tasks on the
screen could have been higher. Most respondents replied that they would prefer to use
traditional touchscreen photo viewers because they do it daily. All study participants
enjoyed using the program and would recommend it to others.
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4. Discussion

The development of the presented App confirmed the possibility of writing a fully
operational computer program based on open-source code. A Kinect motion capture sensor
is economically feasible for any medical facility providing orthopedics and orthopedic
trauma services [20]. The strength and universality of the proposed solutions is the ease
of implementing the device and software at any workstation for viewing imaging studies,
with any viewer of images saved in the DICOM format [17,19]. In the past, similar con-
clusions were drawn by a few authors who used Kinect devices in the OR. Tan et al. [17]
developed a program to use Kinect to view computed tomography images intraoperatively
for interventional radiology. Guilherme et al. [38] co-developed a program that uses Kinect
in urological surgery. After reviewing many PUBMED, MEDLINE, and EMBASE databases,
the authors claimed they were the first to create a program applicable to orthopedic surgery.

Madapana et al. [39] did not find any support in the literature for developing a stan-
dard for gestures for the Picture Archiving and Communication Systems (PACS) operation
in the operating room and proposed and tested the originally developed solutions.

It should be noted that Grétzel [14] is considered a pioneer of contemporary research on
the construction of a device that enables hands-free operation of the operating room—years
before the Kinect market appeared. Since 2004, he has been conducting experiments
in the operating room using the Videre Mega-D camera. The quality of the detection
system settings and the use of the system on OR equipment were examined [14]. The
undoubted advantage is the low cost and the lack of calibration, allowing easy integration
with existing approaches [17]. No issues have been reported with the installation tool
designed to view the available images of the station in the operating room where the
tests were performed. He invented a program using the Kinect device and unequivocally
demonstrated its usefulness without tactile handling equipment in the OR field. It reduces
the possibility of contamination in the OR field [40].

Most participants reported that they rarely play video games, especially with Kinect.
Despite our lack of experience, we can all complete tasks after just a few minutes of training.
In the survey, none of the respondents reported any problems with gestures to use Kinect.
It only raised uncertainty about their gesture’s execution. The respondents also indicated
a need for more precision when typing on a virtual keyboard, which extended the test
duration. The users also stressed that further trials would be necessary to improve the
typing module with the Kinect sensor.

Controlling the test participants” gestures was encountered as the main usability
problem. Three out of five respondents reported problems typing on the virtual keyboard,
which they felt took longer than expected. Improving text typing will undoubtedly increase
the usability of the program. Attention should also be paid to the relationship between
the number of X-ray measurement attempts and the age of the users. This phenomenon
may be related to younger respondents’ previous experience with computer games. The
oldest participant obtained a positive result only after the fifth attempt. At best, two tries
were enough.

Interestingly, no significant difference was observed in the time required to complete
the interaction. Ma et al. [41] concluded from their studies that both user satisfaction and
service speed were achieved at a reliable level. In the current research, we also recorded
satisfactory results in terms of user satisfaction.

Tracking user gestures with more personnel in the operating room in the camera’s
field of view may cause disruptions to the touchless interface. This observation confirms
the conclusions described in other works: there is a need to improve and completely adapt
tracking algorithms to OR conditions [1]. So far, the authors who have developed similar
programs in the past have also noted the difficulty of designing gestures to best fit the
computer screen by controlling the mouse on the other. They reported that gestures were
intuitive for people using the device [14,17,40].

In this study, respondents—surgeons emphasized the most significant advantage of
the present system, PACS hands-free access in the OR, which, in their opinion, can lead to a
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significant reduction in staff present in the operating room and will be an additional factor
in reducing the possibility of contamination spreading [42,43]. Traffic reduction in the OR
is commonly considered a factor that reduces the risk of infection [43-45]. Eliminating
the causes of the lack of concentration loss during the work of an orthopedic surgeon
contributes to increasing the safety of the patient operated on in the operating room while
reducing the working time. This conclusion is in line with that provided by Gratzel
et al. [14], describing the dependence of the duration of the operation on the amount
of verbal interaction between the surgeon and the other people in the operating room.
Analyzing the answers, the surgeons pointed out the importance of contactless computer
use in the OR for retrieving images stored in the PACS and videoconferencing systems
while working there. Surgeons participating in the ORTHO_KINECT_OR application tests
confirmed that they would recommend this device to other orthopedic surgeons.

The weak point of the current project is the minimal number of surveyed surgeons,
which does not allow for more advanced statistical analyses. However, given the very high
agreement of the opinions obtained after completing the ORTHO_KINECT_OR application
tests in the operating room, it may be assumed that the opinions among a larger population
of orthopedic surgeons would be similar.

The number of participants in similar studies was never higher than thirty and usu-
ally around ten or less [14,17,40]. Other researchers did not report the number of study
participants [38]. The research demonstrated the usability and satisfaction of users using
the ORTHO_KINECT_OR prototype application with the Kinect sensor. It is reasonable to
assume that Microsoft Kinect technology may increase the use of intraoperative imaging
previews. Touchless performance of tasks on monitors providing access to PACS and video-
conferencing systems improves the safety of surgical patients in the operating room by
better maintaining the sterility of the operating room, eliminating staff traffic, and reducing
the distraction of the operating team at the workplace.

The readability, transparency, and quality of use of the created program on a scale from 1
(the lowest rating) to 10 (the highest rating) were rated on average as 7. The navigation quality
was rated indirectly due to the lack of need for many tools enabling contactless, self-service
devices in the operating room environment. The aspect of reducing the risk of contamination
in the OR field was understood. The development of human—computer interaction should be
continued to improve the quality and safety of work in the operating room.

Some project vulnerabilities differ from threats because they are internal to the project
and can be controlled or eliminated.

This feasibility study also aimed to determine whether the project should continue
or be redesigned. It was stated that for the preparation of the feasibility study, selected
fragments of the study were sufficient to determine the application’s usefulness in surgical
practice due to the complementary nature of the usability provided by the designed appli-
cation. It should be noted that the production of the Kinect sensor has been discontinued in
its current form and is now called Kinect Azure, which is available in stock. This device can
be considered an extended version on which the next updated application version can be
based. Several medical applications are continuing on Kinect Azure [35-37]. The solution
described can be considered valuable and worth continuing. However, changing the sensor
can pose challenges and constitute a significant limitation to the research. Nevertheless, it
is essential to emphasize that such challenges do not detract from the importance of the
research but rather highlight the need for further research. The potential future integra-
tion with other advanced technologies, such as augmented reality [26,46—48] or artificial
intelligence [48-50], may improve usability and functionality.

5. Conclusions

It has been demonstrated that it is possible to design and construct a contactless, easy-
to-use application that allows contactless access to medical images and videoconferencing
while maintaining complete sterility in the operating room. The system’s essential elements
are justified economically and in terms of implementation. The proposed mobile solution
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can be quickly transferred to another operating room if necessary. The ORTHO_Kinect_ OR
application and the Kinect motion capture sensor as an optical tracking technology are
suitable for contactless computer use in the OR, medical image retrieval from the PACS, its
analysis, and videoconferencing use for telementoring and teleeducational purposes in the
OR. In the future, the developed application will be helpful for the remote control of all
programs used in the OR, including electronic medical records.
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