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Introduction The article considers the situation with modern user’s applications for patients in the post-operative period 
after surgical interventions, including total hip replacement. The main reasons for the emergence of a multidisciplinary field 
of a science, in particular between the medical and IT industries, were formulated. The aim of the study was to develop a 
technology for preventive analysis, control and management of patient actions at the stage of outpatient medical rehabilitation 
by developing and implementing a universal software platform of an application and a chatbot on a mobile device and PC. 
Material and methods The study presents a universal software platform on a mobile device and a PC, in which the doctor 
introduces personalized indications based on existing clinical recommendations that permit to target the patient's behavior in 
an expert-based vector of preventive measures. The paper presents the database scheme, usage scenarios, interface, and an 
example of a recommendation for a random patronage day. Results The comparative results in the aspect of complications 
in the patients who used the software product after discharge from the hospital with those in the patients without software 
patronage were analysed. The overall percentage of complications and of each specific one among them was significantly more 
frequent in the comparison group than in the observation group with IT-based support (р < 0.001). Patient satisfaction with 
the app was studied based on an anonymous survey, and a high satisfaction rate was revealed. Discussion The introduction 
of the software product into clinical work in comparison with existing analogues provided better patients’ compliance, 
especially in older persons with cognitive comorbidity, to targeted behavioral information, prevention of non-compliance 
with the medication dosage regimen and mobile activity, thus improving the long-term treatment results in patients at the 
stage of the rehabilitation. Conclusion It has been concluded that the results of the study indicate the feasibility and clinical 
validity of the development and implementation of the application developed and of similar software products.
Keywords: information system, mobile application, chat bot, hip replacement, post-operative period

INTRODUCTION

The demographic processes in the recent decades, 
characterized by a growing shortage of labor resources 
and the growing demands of the social mentality in 
the field of ensuring a decent quality of life, dictate 
the need for effective and accelerated medical and 
social rehabilitation of patients suffering from chronic 
somatic diseases (diabetes mellitus, orphan diseases, 
etc.) and of those who have undergone surgical 
treatment, in particular, joint replacement.

Total hip arthroplasty (THA) remains one of the 
most frequent and widespread types of arthroplastic 
interventions in the recent decades in which 
degenerative articular surfaces are replaced with 
implants [1]. However, it is necessary to fulfill a 
number of conditions ensureing correct and long-term 
performance of the implanted components, one of 
which is an accurate execution of the recommendations 
prescribed by the attending surgeon. If the permitted 
mode of physical activity is not observed, the patient 
can develop a severe complication, dislocation of 
the hip joint endoprosthesis. To reduce it, revision is 
a need in 45–57 % of cases [2]. It increases the risks 

of treatment and can lead to a negative outcome. No 
less significant is the meticulous implementation 
of measures for prevention of thromboembolic 
complications, primarily a long-term and regular intake 
of anticoagulant drugs. The compliance of elderly 
people, who are the main THA contingent, to this 
measure is low, and the omission in taking medications 
a serious threat for their health and life [3, 4].

In this regard, and in the light of the recent events 
related to the organization of quarantine measures and the 
difficulties of personal contact between the patient and 
the attending physician, it is obvious that there is a need 
to provide patients with remote medical patronage and 
open access to informed and individualized management 
of treatment measures at the outpatient stage. 
Meanwhile, the creation of such platforms is possible, 
first of all, due to the joint efforts of doctors of various 
profiles and specialists in the field of programming. The 
analysis of literature data demonstrates the presence 
of applied software products focused on the format of 
telemedicine. These products allow a patient to carry out 
a real-time consultation with a doctor on a specific issue, 
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but do not provide an opportunity to personally build a 
rehabilitation plan [5, 6].

The creation of an easily feasible opportunity to 
access both individual recommendations and offline 
contact with the attending physician is the basis and 
principle of the proposed software platform.

The aim of the study was to develop a technology 
for preventive analysis, control and management of the 
patient's actions after THA for medical rehabilitation 
at the stage of outpatient treatment by creating and 
implementing a universal software platform for a 
mobile device and PC as an application and a chatbot.

To solve this goal, it was necessary to solve the 
following tasks:

– to analyze the approaches to monitoring and 
managing the treatment and rehabilitation process 
in patients at the outpatient treatment stage, systems 

of monitoring and management of the treatment and 
rehabilitation process, to identify their advantages 
and disadvantages;

– to develop a database based on clinical 
guidelines for monitoring and managing the treatment 
and rehabilitation process at the stage of outpatient 
treatment;

– to design and implement software for remote 
medical patronage of patients at the stage of outpatient 
treatment using the THA intervention (doctor's 
interface for a PC and a mobile device for patients);

– to carry out a comparative analysis of the 
objective (the number of complications and 
consultations of the patient after discharge from 
the hospital) and subjective (survey of patients’ 
satisfaction with the software product and patronage) 
impact of the application implementation in practice.

MATERIAL AND TECHNOLOGY

To achieve the goals, a software platform has 
been generated, which, based on existing clinical 
recommendations, enables to upload doctor’s 
personalized prescriptions that allow to purposefully 
manage patient’s behavior in an expert-based vector of 
preventive measures to achieve a better clinical result and 
reduce the number of possible, primary, and significant 
complications. At the same time, the platform format is 
focused on the interaction between the patient and the 
attending physician in real time to assess and control the 
behavioral steps taken by the patient.

For correct operation of the software product, 
a database has been developed based on clinical 

guidelines. On its basis, the application provides 
monitoring and management of the treatment and 
rehabilitation process of patients at the outpatient 
stage, including daily recommendations for a patient 
for 35 days after the operation (Table 1).

In addition, for partial use of these developments, 
patients who own mobile devices on the iOS platform, 
can use a chatbot. It should be noted that intellectual 
property documents have been received for the software 
platform, database and chatbot1. Installation and training 
of the patient (or his/her relatives) to use the application 
was conducted by the attending physician in the 
postoperative period of the inpatient stage.

Table 1
Example of recommendations on the second post-operative day

Day 2
Recommendation
Contents 
It is necessary to walk using a walker for support (for example, walk independently 20–30 m along the corridor). 
Remember to reduce the amount of flexion in the operated joint. Perform breathing exercises.
Continue using compression items. It is necessary to prevent thromboembolic complications.
From today on, you will be taking iron supplements to elevate the hemoglobin lost during the operation..
Important: 
Do not take off your stockings. Do not forget about the range of motion in the joint permitted.
Message: 
See next recommendation!
Drugs
Name Dose Administration Time of intake

Fraxiparin 0.3 ml subcutaneously (0.4 ml in 
body weight of more than 70 kg Percutaneous injection As indicated by an 

attending doctor
Sorbifer 1 pill x 1 time a day Pill (per os) 12:00
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To assess the effects of the developed software 
product on the course and results of the rehabilitation 
process, we studied complications in the period 
of 1.5 months after the surgical intervention with 
apps support. And namely, the number of clinically 
significant deep vein thrombosis (DVT) if Xarelto 10 
mg was taken as an anticoagulant drug, hip dislocation 
in the endoprosthesis, and patient opinion expressed 
in an anonymous survey. In addition, within the 
framework of the study, we analyzed the number of 
patients of both groups seeking counseling and other 
assistance at the outpatient treatment stage based on 
the analysis of outpatient observation charts.

For this purpose, we selected two groups of patients 
who underwent the surgical intervention in 2018 or 2019 
at the orthopaedic centre of the Federal State Budgetary 
Healthcare Institution "VMKTs" of the FMBA of 
Russia. The main (observation group) consisted of 
24 people who were enrolled prospectively by the 
method of continuous sampling. The comparison group 
of 82 patients was formed retrospectively according to 
the same principle of inclusion. This group was a sample 
of patients who had been operated in the previous year 
of work. As a result, the study included 106 subjects 
among which women with idiopathic coxarthrosis over 
the age of 55 years prevailed (Table 2).

Table 2
Clinical characteristics of patients (n = 106)

Etiology Sex Age Comparison 
group

Observation 
group Total, n (%)M F 45–55 56–65 66+

Idiopathic 23 37 3 24 33 48 12 60 (56.6)
Avascular 13 4 12 4 1 11 6 17 (16)
Post-traumatic 3 1 2 1 1 3 1 4 (3.7)
Dysplastic 10 15 2 13 10 20 5 25 (23.7)
Total: 49 57 19 42 45 82 24 106 (100)

RESULTS

The installation of the application on mobile 
platforms with recommendations after hip 
arthroplasty provided timely regular information 
to the patient about the necessary actions and 
behavior at various stages of rehabilitation after 
surgery, as well as familiarization with the reference 
information on surgical treatment prescribed to 
the patient by his/her attending physician. Another 
significant advantage is reduction in the frequency 
of unscheduled visits to the clinic for consultation 
with the attending physician.

The general operating principle of the designed 
application is presented in the diagram of the scenarios 
of its use (Fig. 1). The diagram includes the subjects 
presented by the following users: Administrator, 
Attending physician (hereinafter – Doctor), Patient.

For any actions in the system, the user is 
authorized with his own phone number and password. 
After logging into the system, the user Patient sees a 
warning, an example of which is in Appendix 1 to this 
document, then is transferred to the page for viewing 
current recommendations. After authorization, the 
Doctor sees a screen with a list of his patients, and 
the Administrator – a list of doctors and patients 
registered in the system.

The User Patient performs viewing daily 
recommendations in the postoperative period, the 
reference book, and can also edit some information 

of his account (change the password, update the 
phone number). The patient does not have access 
to change the type of surgery, its date and personal 
recommendations.

The User Doctor can view a list of his/her patients, 
edit their data (including data on the type of surgery, 
its date and personal recommendations for a particular 
patient).

The user Administrator user has access to most 
functions of the service: he can register the Doctor 
and the Patient, view the lists of registered users, 
change any of their data. The Administrator also has 
the ability to add content (information about surgical 
treatment, recommendations) to the database.

Application screen forms are shown in Figure 2.
As a result of the analysis of the complications 

indicated above, it was found that in the comparison 
group at the stage of outpatient rehabilitation, one 
patient developed thromboembolism of large branches 
of the pulmonary vascular tree, which, despite the 
provision of medical and resuscitation measures to 
her, led to a fatal outcome. Two other patients had 
edema of the lower leg and foot of the operated limb 
that appeared from the 3rd week of the postoperative 
period and persisted for a long time. It was regarded 
as a manifestation of DVT in the lower leg veins or 
the lower third of the thigh (USDG was not performed 
due to organizational and social reasons).
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Fig. 1 Diagram of scenarios for using the software product

Fig. 2 Application interface for the patient with recommendations and a guide

In addition, one of the patients in this group had a 
single dislocation of the hip resulting from violation of 
the motor regime in the 4th week after the operation. 
He sat in the driver's seat of a low Sedan and luxation 
occurred when he was leaving the car (recommendations 
of the B2Doc-Endoprosthetics allow such activity 
only 2–2.5 months after surgery). Thus, the overall 
complication rate was 4.9 %; vascular incidents (including 
fatal thromboembolism of the lung artery) occurred in 
3.65 % of cases and hip dislocation in 1.22 % (Table 3).

Table 3
Features and number of the complications encountered (n = 106)

Complication 
type

Observation 
group, n (%)

Comparison 
group, n (%)

Total, n 
(%)

DVT 1(4.1) 2 (2.43) 3 (2.8)
TELA - 1 (1.22) 1 (0.94)
Femur 
dislocation - 1 (1.22) 1 (0.94)

Total 1 (4.1) 4 (4.9) 5 (4.7)
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In the main group, the quality and quantity of 
complications were different. Thus, there were 
no dislocations in patients of this group during the 
observation period. One patient, who had concomitant 
pathology of type 2 diabetes mellitus, developed 
non-occlusive thrombosis of the sural veins of the 
unoperated limb on the 23rd day (confirmed by 
ultrasound, clinically manifested by edema of the leg 
and foot). Thus, in the main group, the complications 
in qualitative and quantitative terms were somewhat 
less significant from a clinical point of view.

The study of the data of an anonymous survey of 
satisfaction with the use of the proposed application 
in all participants of the main group showed the 
predominance of positive ratings (satisfied, rather 
satisfied – 22 respondents or 84.6 %). Only two 
patients were not included in this evaluation category, 
and one of them due to difficulty with the exact 
formulation (Fig. 3)

Fig. 3 Satisfaction of patients of the main group with the 
use of software patronage

Comparative analysis of outpatient visits of patients 
in both groups showed that with a relatively equal 
number of appointments on medical issues (dressings, 
removal of stitches, etc.), the number of requests for 
advice to clarify the motor and behavioral regimen and 
drug intake in the comparison group was significantly 
higher. So, from the main group, only one patient 
applied for consultation (4.1 %), while from the 
comparison group there were 12 visits (14.6 %).

DISCUSSION

As a result of the study, the available and universal 
tools for monitoring and management of the treatment 
and rehabilitation process in THA patients after 
discharge from the hospital were analysed. IT-based 
technologies for online monitoring and management of 
the rehabilitation process in the outpatient conditions 
have been poorly represented on the market of soft 
products, which, among other reasons, determines a 
fairly high percentage of complications of treatment 
measures [7]. At the moment, several online services 
have been known. 

These are, for example, "Doc + Online", "Yandex 
Health", "Doctor near online", "Doctor in touch", "Doctor 
near". Their main task is to work in the "question-answer" 
mode in real time for a specific situation [8]. At the same 
time, they do not provide an opportunity to individually 
build a rehabilitation scheme and are not based on 
clinical recommendations in certain medical specialties, 
what has been stressed in the latest regulations of the 
government of the Russian Federation [9]. In order for 
a patient to receive an answer to a question of interest, 
it often takes a considerable period of time. Moreover, 
the doctor must constantly have access to the patient's 
medical records, which significantly complicates the 
operation of these services and calls into question its 
effectiveness and expediency.

The creation on the basis of a universal software 
platform of an original application for patients after 
total arthroplasty, the content of which is based on 
the standards and clinical recommendations of the 
expert community, enablkes to avoid the indicated 

disadvantages of the analogue developments and, due 
to specific online recommendations and an intuitive 
interface, positively influence to avoid complications 
which might be caused due to discredited patient 
behavior. The introduction of the software product 
into clinical work has ensured a high adherence of 
patients, especially older persons with cognitive 
concomitant impairments, to the implementation 
of the recommendations received on the motor and 
behavioral regimen, to practically eliminate non-
compliance with medication and thereby improve the 
immediate and long-term results of treatment.

Undoubtedly, the analysis performed in a relatively 
small study group does not allow for the time being 
to draw statistically substantiated conclusions about 
a significant decrease in the number of complications 
at the outpatient stage. Nevertheless, the anonymous 
survey undoubtedly shows high patient satisfaction 
with the use of the mobile application and their better 
adherence to perform recommendations. It is also 
confirmed by a comparative analysis of the number 
of visits by patients of both groups at the outpatient 
stage to receive consultative assistance. High 
percentage of patients in the comparison group who 
sought consultation, on the one hand, indicates their 
lack of knowledge after discharge, on the other hand, 
demonstrates the additional costs of the healthcare 
system to eliminate such shortcomings.

The results obtained clearly demonstrate that 
the development and implementation of innovative 
measures in this direction will increase the efficiency 
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and shorten the time of medical and social rehabilitation, 
thereby ensuring the speedy recovery of the quality 
of life indicators and social rehabilitation of patients. 
It will help reduce the state budget expenditures on 

benefits for temporary and permanent disability [10]. 
The expediency of further research in this direction is 
obvious, including with the involvement of grants at 
various levels.

CONCLUSION

This preliminary study proposes a software 
product, an application for mobile platforms. Its 
advantages and disadvantages were revealed, 
a database was developed based on clinical 
recommendations for monitoring and managing the 
treatment and rehabilitation process of patients at the 
outpatient treatment stage. It enabled to design and to 

use a software system for remote medical patronage 
of patients at the outpatient treatment stage after 
joint replacement surgery (doctor's interface for a 
PC and on patient’s mobile device). The introduction 
of the proposed one and further developed similar 
innovations into practice will improve the outcomes 
of hip and other large joints replacement.
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