
	

	

1	
	

	
This open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial 3.0 (CC BY-NC 3.0). 
	

RBMS.2022;27(1):e1	
ISSN:	2676-7473	

ORIGINAL RESEARCH 
 

Comparison of periodic face-to-face visits and use of smartphone 
application   during COVID-19 pandemic in clinical follow-up of range of 

motion in patients with distal humeral fracture 
 

Morteza Gholipour¹*, Hamid Reza Aslani², Sona Bonakdar³ 
 

1. School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran¹ 
2. Sport Medicine and Knee Research Center, Milad Hospital, Tehran, Iran² 
3. Department of Foreign Languages, Urmia University, Professional Editor and Reviewer of English 

Research Papers³  
 

*Corresponding Author: 
Address: School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran. 

Email: morterzagholipour25@gmail.com 
ORCID: 0000-0002-0114-4861 

 
Date Received: March 2021, 2020        Date Accepted: August, 2021 Online Publication: January 15, 2022 

 
 
Abstract  
 
Objective: As the prevalence of the coronavirus increases, there is now more emphasis on reducing 
"face-to-face" patient visits. Therefore, the use of smartphones and their special medical applications 
can play an important role in following up patients. The aim of this study was to evaluate the use of 
smartphone in evaluating clinical outcomes and range of motion of patients after elbow operation. 
Materials and Methods: Forty patients were randomly selected from patients undergoing elbow 
operation. Patients were divided into two groups, so that in the first group, the patients were 
visited and then were followed-up for 2,6, and 12 weeks as well as 6 months after first visit by 
smartphone connection and delivering the pictures and videos of involved organ to the physician 
as well as having the physical examination him. In the second group, all assessments were 
performed by clinical visiting at the same time points.  
Results: The two groups were similar in baseline characteristics including demographics; the 
side of involved elbow, type of fracture, surgical approach, operation time, and mean Mepi 
score. Assessing the postoperative complications and also patients' satisfaction was also similar in 
both groups. There was no difference in different range of elbow motion degrees between the 
case and control groups at different times of following-up as well as the progress in motion of 
elbow after surgery in two groups. Moreover, there was no significant difference between the range 
of motion evaluated by smartphone and physical examination. 
Conclusion: The use of the smartphone has a high degree of accuracy and sensitivity in 
assessing the status of elbow range of motion after surgical treatment, both in the short and 
long term after surgery. 
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Introduction 
COVID- 19 is an acute respiratory distress 
disorder caused by SARS-CoV-2 that was first 
reported in December 2019 in Wuhan, China. 
(1-3) This disease causes a wide range of 
respiratory symptoms such as colds to more 
severe diseases such as pneumonia, the mode 
of transmission of the disease is mainly 
through respiratory droplets. (4) As the 
prevalence of COVID-19 continues to increase 
worldwide, governments have taken 
nationwide measures, such as "social 
distancing" and "closure of schools and 
offices", to protect at-risk individuals. (5) Due 
to the risk of coronavirus infection, there is 
now more emphasis on reducing "face-to-face" 
visits to patients in hospitals. 
Telecommunication portals can be a useful 
tool for remotely monitoring patients and 
advising them on how to care for them (in 
cases where patients are unable to stay in the 
hospital due to long distances or when the 
system does not allow face-to-face counseling 
such as pandemic conditions). Smartphone 
applications can be used as a cost-effective 
and convenient tool for transmitting patients' 
medical information to physicians, such as 
following up patients after orthopedic surgery. 
(6) Sixty percent of orthopedic surgeons in the 
United States use "telemedicine" as a follow-
up tool for patients living in remote areas. (7) 
In orthopedic surgery, follow-up of patients is 
important and failure to follow can cause 
irreparable damage to the patient and the 
health system. The popularity of smartphone 
applications for clinical evaluation of patients 
is increasing among physicians, and many 
studies have evaluated the reliability and 
validity of smartphone applications for ROM 
measurement. (8-10) Fractures and 
dislocations of the elbow can cause many side 
effects. The elbow is a troche-ginglymoid joint 
(11, 12) but is prone to instability due to 
trauma. Even low instability in the elbow 
without a fracture can have a detrimental 
effect on the surrounding soft tissue. 
Therapeutic goals for (fracture-dislocation) of 
the elbow include fixing the fracture 
permanently and maintaining its range of 
motion. (13) Currently, the limitations 
imposed by the corona virus and to reduce the 
presence of patients in medical centers and the 
need to follow patients with elbow fractures in 
terms of ROM and clinical results after 

surgery, the use of smartphones in the 
orthopedic system has expanded. Therefore, 
the aim of this study was to compare the 
clinical results of periodic face-to-face visits 
(standard method) with a smartphone 
application in elbow surgery. 
 
Materials and Methods 
This was a retrospective case-control study 
after approval of the ethics committee of 
Shahid Beheshti University of Medical 
Sciences, in a period of 9 months between 
February and October 2020. One hundred and 
twenty six patients in the age group between 
20 and 65 years, were randomly selected from 
patients with distal humeral fractures who 
underwent open reduction and internal fixation 
with locking plate. Study conditions were 
explained to all patients and written consent 
was signed by all members. The patients were 
divided into two groups of visits (face-to-face 
and smartphone) and then were visited at 
regular intervals in the second, sixth and 
twelfth week and sixth month by doctor. The 
case group underwent an online visit with a 
smartphone and were asked to take pictures 
with a healthy hand using a smartphone 
application (WhatsApp, etc.) (14). While the 
operated elbow was attached to the body, the 
elbow underwent flexion, extension supination 
and pronation. Then delivering the pictures to 
the physician as well as having the visual 
physical examination by physician. In the 
second group, all evaluations were performed 
with clinical referral in the same time period. 
Patients were compared with clinical outcomes 
and degree of motion (flexion, extension, 
supination and pronation). The results were 
presented as mean± standard deviation (SD) 
for quantitative variables and were 
summarized by absolute frequencies and 
percentages for categorical variables. 
Categorical variables were compared using 
chi-square test for Fishers exact test when 
more than 20% of cells with expected count 
of less than 5 were observed. Quantitative 
variables were also compared with t-test. For 
the statistical analysis the statistical software 
SPSS version 16.0 for windows (SPSS Inc. 
Chicago, IL) was used. P-values of 0.05 or 
less were considered statically significant. 
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Results 
In this study 20 patients were enrolled as a 
case group by referring to the clinic at the 
first session and other sessions as the follow-
up by smartphone and in person physical 
examination and 20 patients as the control 
group, referring to the clinic at same time. 
As shown in (Table 1) the two groups were 
similar in baseline characteristics including 
demographics, the side of involved elbow, 
type of fracture, surgical protocol, 
operation time, and mean Mepi score 
(Table1). Assessing the postoperative 
complications and also patients' satisfaction 
was also similar in both groups (P=0.514). 
As indicated in (Table 2) there was no 
difference in range of motion between the 
case and control groups at different times of 
following-up as well as the progress in 
change of range of motion during the follow 
ups. Also there was no difference in the 
range of motion evaluated by smart-phone 
and physician (P>0.05). In this regard, high 
correlation was revealed between the range 
of motion degrees assessed by smartphone 
and by clinical visiting. 
 

 

 
 
Discussion 
Patients undergoing orthopedic surgeries 
require frequent referrals to evaluate the 
short and long-term postoperative outcomes, 
especially in terms of assessing changes in 
the natural range of motion in the surgical 
site. At present, due to the spread of the 
coronavirus and patients' concerns about the 
possibility of contracting the coronavirus, as 
well as the restrictions imposed by the 
government, the attendance of patients to 
follow the treatment process has decreased. In 
this regard, the use of alternative methods such 
as photography, video recording and the use of 
smartphone applications are now offered as 
options for patient evaluation. In this study, 
the correlation between standard assessment 
method (periodic attendance) and absentee 
methods including smartphone application was 
investigated. Post-surgical care programs 
should continue to focus on providing the 
highest quality of patient care and a high 
degree of patient and service provider 
satisfaction, while providing greater access to 
surgical care. In this regard, in the short and 
long term, it was found that the use of 
smartphones is a good and accurate alternative 
to visiting patients, in fact, in the postoperative 
evaluation, including the amount of elbow 
movements, will be as effective as face-to-face 
visits. Therefore, in assessing the short and 
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long range of motion of the elbow after 
surgery, it is possible to prevent the patient 
from requesting a repeat face-to-face visit and 
instead ask the patient to send pictures of 
elbow movements to the physician. In this 
way, changes in the range of motion of the 
elbow can be evaluated with high accuracy 
without the need for repeated patient 
intervention. Such a conclusion has been 
clearly expressed in other studies. In a study 
by Hanneh H. Le et al., The results of new 
smartphone applications are promising to 
provide accurate and reliable measures for 
range of motion. (15) Study Bchnoush et al. 
Showed that the reliability and validity of the 
mobile application compared to the 
goniometer in evaluating all the ranges of 
flexion, extension, pronation and supination of 
the elbow with a correlation coefficient of 
more than 95%. The highest correlation was 
observed in relation to elbow supination and 
the lowest correlation was related to elbow 
flexion. (16) Study by Keijsers et al. both 
photography and goniometric methods based 
on filming have a high reputation in flexion 
and extension evaluation. Reliability of both 
photographic and goniometric methods has 
been reported based on video recording, but 
this correlation and reliability has been 

reported for both goniometric methods and an 
average mobile application. (17) In the study 
of Meislin et al. (18) the correlation between 
goniometer and smartphone application was 
estimated to be 88.2%. Therefore, our 
findings, like other studies in this field, show 
that mobile applications are as reliable in 
assessing elbow movement changes as face-to-
face visits. Due to the availability of 
smartphones in almost every society, 
functional and structural changes of the elbow 
joint can be evaluated after surgery with the 
required speed and accuracy without the need 
for a face-to-face visit. 
The use of smartphones has a high accuracy 
and sensitivity in assessing the status of the 
range of motion of the elbow after surgical 
treatment, both in the short and long term after 
surgery, and it can be used as an alternative to 
face-to-face patient visits. 
 
Conflict of interest 
Authors declare no conflict of interest. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

5	

	

	
This open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial 3.0 (CC BY-NC 3.0). 
	

RBMS.	2022;27(1):e1	

References: 
1. Lu H, Stratton CW, Tang YW. 
Outbreak of pneumonia of unknown etiology 
in Wuhan, China: The mystery and the 
miracle. J Med Virol. 2020;92(4):401-2. 
2. Hui DS, E IA, Madani TA, Ntoumi F, 
Kock R, Dar O, et al. The continuing 2019-
nCoV epidemic threat of novel coronaviruses 
to global health - The latest 2019 novel 
coronavirus outbreak in Wuhan, China. Int J 
Infect Dis. 2020;91:264-6. 
3. Huang C, Wang Y, Li X, Ren L, Zhao 
J, Hu Y, et al. Clinical features of patients 
infected with 2019 novel coronavirus in 
Wuhan, China. Lancet. 2020;395(10223):497-
506. 
4. Mukhtar S. Psychological impact of 
COVID-19 on older adults. Curr Med Res 
Pract. 2020;10(4):201-2. 
5. Chen N, Zhou M, Dong X, Qu J, Gong 
F, Han Y, et al. Epidemiological and clinical 
characteristics of 99 cases of 2019 novel 
coronavirus pneumonia in Wuhan, China: a 
descriptive study. Lancet. 
2020;395(10223):507-13. 
6. Popat R, Mohan AT, Branford OA. 
Current uses of smartphones and apps in 
orthopaedic surgery. Br J Hosp Med (Lond). 
2013;74(12):672-6. 
7. Wongworawat MD, Capistrant G, 
Stephenson JM. The Opportunity Awaits to 
Lead Orthopaedic Telehealth Innovation: 
AOA Critical Issues. J Bone Joint Surg Am. 
2017;99(17):e93. 
8. Kolber MJ, Pizzini M, Robinson A, 
Yanez D, Hanney WJ. The reliability and 
concurrent validity of measurements used to 
quantify lumbar spine mobility: an analysis of 
an iphone® application and gravity based 
inclinometry. Int J Sports Phys Ther. 
2013;8(2):129-37. 
9. Shin SH, Ro du H, Lee OS, Oh JH, 
Kim SH. Within-day reliability of shoulder 
range of motion measurement with a 
smartphone. Man Ther. 2012;17(4):298-304. 
10. Milanese S, Gordon S, Buettner P, 
Flavell C, Ruston S, Coe D, et al. Reliability 
and concurrent validity of knee angle 
measurement: smart phone app versus 
universal goniometer used by experienced and 
novice clinicians. Man Ther. 2014;19(6):569-
74. 

11. Boone DC, Azen SP. Normal range of 
motion of joints in male subjects. J Bone Joint 
Surg Am. 1979;61(5):756-9. 
12. Gajdosik RL, Bohannon RW. Clinical 
measurement of range of motion. Review of 
goniometry emphasizing reliability and 
validity. Phys Ther. 1987;67(12):1867-72. 
13. Rajeev A, Senevirathna S, Harrison J. 
Subacute dislocation of the elbow following 
Galeazzi fracture-dislocation of the radius: A 
case report. Journal of Medical Case Reports. 
2011;5(1):589. 
14. Giordano V, Koch H, Godoy-Santos 
A, Dias Belangero W, Esteves Santos Pires R, 
Labronici P. WhatsApp Messenger as an 
Adjunctive Tool for Telemedicine: An 
Overview. Interact J Med Res. 2017;6(2):e11. 
15. Vauclair F, Aljurayyan A, 
Abduljabbar FH, Barimani B, Goetti P, 
Houghton F, et al. The smartphone 
inclinometer: A new tool to determine elbow 
range of motion? Eur J Orthop Surg 
Traumatol. 2018;28(3):415-21. 
16. Behnoush B, Tavakoli N, Bazmi E, 
Nateghi Fard F, Pourgharib Shahi MH, Okazi 
A, et al. Smartphone and Universal 
Goniometer for Measurement of Elbow Joint 
Motions: A Comparative Study. Asian J Sports 
Med. 2016;7(2):e30668. 
17. Keijsers R, Zwerus EL, van Lith 
DRM, Koenraadt KLM, Goossens P, The B, et 
al. Validity and Reliability of Elbow Range of 
Motion Measurements Using Digital 
Photographs, Movies, and a Goniometry 
Smartphone Application. J Sports Med 
(Hindawi Publ Corp). 2018;2018:7906875. 
18. Meislin MA, Wagner ER, Shin AY. A 
Comparison of Elbow Range of Motion 
Measurements: Smartphone-Based Digital 
Photography Versus Goniometric 
Measurements. J Hand Surg Am. 
2016;41(4):510-5.e1. 


