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Abstract
Context: Studies revealed that remote patient monitoring can be effective in the prevention and control of complications in patients with spinal cord injury. However, there are a limited number of researches in this domain with contradictions in some cases.
Thus, the current study aimed at investigating the impact of remote patient monitoring on patients with spinal cord injury (SCI).
Methods: The current descriptive retrospective study searched databases such as Elsevier, Google Scholar, and PubMed in English
from 1977 to 2018. After going throw the required procedures, 40 articles were finally confirmed and enrolled in the current study.
Conclusions: The results of the current study revealed that the application of remote patient monitoring system was influential and
promising in the prevention and control of complications in patients with SCI. Therefore, they can be considered in care planning
for such patients.
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1. Context
Spinal cord injury (SCI) is a type of damage that transforms the individual’s performance in permanent or temporary form (1). These alterations happen due to lack of
muscular, sensory, or autonomic nervous function in the
parts below lesion level (1). The injury may occur in spinal
cord at any levels, leading to complete or proportional injuries and loss, and muscular dysfunction of one or all
senses (2). According to the position and severity of SCI,
the symptoms can vary extensively from pain or numbness to paralysis or incontinence (1, 2). Short-term and
long-term complications associated with SCI include muscular atrophy, pressure ulcers (PUs), infections, and respiratory problems (1, 2). Remote patient monitoring (RPM)
is a technology that provides a platform to monitor the
patients out of routine clinical system (e.g., house). Additionally, this technology increases the access to caring
systems and reduces the related expenses (2). RPM can
promote the quality of life of patients with chronic diseases (3). Attending to this issue helps the patients to retain their personal independence, prevent the associated
complications, and minimize the costs (3). The key features of RPM indicate the remote monitoring, analysis of
physiological parameters, and early diagnosis of the com-

plications (3). Consequently, the number and duration of
hospitalization are decreased (3). The saved time can improve efficiency as a result of RPM and allows healthcare
providers to allocate more time to educate RPM to patients
(3). The findings of studies reveal a correlation among telehealth, prevention, and treatment of a variety of diseases
such as diabetes, post-discharge complications of surgical patients, the Parkinson, and colorectal diseases (4-8).
In addition, the investigations present a relationship between telehealth and nervous system diseases, and technology advancements can make the caring more convenient and economical in such patients by easy accessibility (9-11). The studies show that patients with SCI are at
risk for developing various complications such as PUs, hypertension, obesity, bladder infections, diabetes, and cardiopulmonary diseases (12). Previous studies showed a
valuable relationship between telemedicine and the control of many diseases (13-15). The findings of studies revealed that telemedicine in patients with nervous system
disorders can decrease the number of rehospitalization
(16, 17). Numerous studies confirm that telemedicine application has a direct relationship with the prevention of
different complications in patients with SCI (18). The results of numerous researches confirm the impact of RPM
on control and prevention of various complications, es-
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pecially PUs, and control of neuropathic pains in patients
with SCI (19-23). Due to remarkable prevalence and expansion of SCI in the world (1) and Iran (2, 3), the numerous and
significant clinical, social, mental, and economical complications of SCI (3), the contradictory findings in the studied
field (19, 20, 22-25), and the limitations of the previous studies, the current study aimed at investigating the effects of
RPM on patients with SCI; the study findings can be functional and practical to prevent and control complications
in patients with SCI (26-28).

In a study evaluating 17 individuals with 20 wounds,
teleassessment scored 89% of agreement versus 95% for
live decisions (32). Also, in a randomized clinical trial, no
significant differences were observed between the subjects
receiving cares from a therapist at home vs. remotely via
telehealth (36).

2. Methods

3.3. Telemedicine Effect on Web-Based Physiotherapy in People
with SCI

The current descriptive retrospective study searched
the databases such as Elsevier, Google Scholar, and PubMed
in English from 1977 to 2018. First, 150 articles related to the
subject were retrieved. In the second stage, by reading the
abstracts of the articles, 100 articles were selected and carefully studied by two researchers. Finally, 40 articles were
confirmed and enrolled in the study.

3. Results
3.1. Telemedicine for Monitoring Neuromuscular Electrical Stimulation in Patients with SCI
Although an ordered exercise program is necessary to
sustain muscle health after SCI, lack of accessible public
transportation is one of barriers to this subject.
Studies show that using telehealth communication
can help to solve this problem. Telemedicine is a safe, feasible, and cost-effective approach to monitor home-based
NMES-resistance training (RT) in patients with chronic SCI
(29-31).
3.2. Telemedicine in Managing Pressure Ulcers in Patients with
SCI
Managing PUs in patients with SCI is difficult. Most
patients cannot afford to self-fund healthcare services to
treat PUs, thus they are willing to manage severe PUs at
home that needs education about appropriate pressure relief, bed overlays, diet, and wound dressings (19). Studies show that telephone-based support provides a low-cost
way to help people with SCI to manage PUs at home, especially in low-income counties (19, 32-35). The Shepherd
Center (the Model Systems Center in Atlanta, Georgia) for
the first time used telehealth for PU prevention and management in patients living long distance from a specialty
clinic/medical center in 1990. Mathewson et al., showed
the effectiveness and efficiency of monitoring a number of
patients with PUs through a still-image videophone (35).
2

Although studies show some advantages of
telemedicine in the treatment of PUs in patients with
SCI, due to a lack of incidence reporting, the effectiveness
of technologies in preventing PUs is limited (22).

People with SCI are at a high risk for cardiovascular disease (CVD), autonomic dysreflexia, blood pressure, stroke,
and diabetes, and have a higher rate of mortality after discharge from a spinal cord injury ward (37).
Web-based rehabilitation programs allow access to
therapy regardless of the day, time, and geographical location. Patients acquire good compliance with web-based
physiotherapy and it is beneficial for health and well-being
at various stages after injury (20). The finding of a study
conducted on 111 subjects randomly allocated to a videobased intervention for nine weeks showed improvement
in function, mobility, and self-care in the rehabilitation of
patients with SCI (37). Also, findings of an evaluation of
a web-based physiotherapy for patients with SCI showed
that web-based physiotherapy allowed patients to choose
the desirable time of their ‘therapy’ to suit their own personal circumstances and finally led to more satisfaction.
Table 1. Effect of Telemedicine on the Control of Complications in Patients with
Spinal Cord Injury
Therapy

Reference

Result
Positive

Monitoring neuromuscular
electrical stimulation
Sabatier et al. (29)
Dolbow et al. (30)
Gorgey et al. (31)

Positive

Managing pressure ulcer
Arora et al. (19)
Tung et al. (22)
Halstead et al. (32)
Russell (34)
Vesmarovich et al. (35)
Sanford et al. (36)

Positive

Web-based physiotherapy
Coulter et al. (20)
Dallolio et al. (37)
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4. Discussion
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The results of the current review study indicated that
RPM plays a role in prevention and control of many complications in patients with SCI (Table 1). The results of investigations revealed that telehealth and nervous diseases
and technological advancements could make the health
care convenient and economic in such patients by easy access to the program (10, 31, 38). The findings indicated that
telemedicine is effective in patients with nervous disorders
and it can decrease the rehospitalization time (16, 17). Numerous studies confirm that telemedicine has a direct impact on prevention of different complications, especially
PUs and the control of neuropathic pains, in patients with
SCI (19-23).
In contrast, the findings of some researches revealed
that telemedicine and RPM had limitations, which should
be investigated further (24). Limited cooperation, lack of
evaluation standards and unsuitable technical infrastructures are some of the constraints and obstacles in this domain (39). Furthermore, legal consequences, safety risks
for the patients, and probable professional abuse can be
added to the c problems in this subject (40).
In contrast, some findings presented many challenges
and limitations through RPM performance that most of
them were related to the required facilities in the application of this method (39, 40). About the probable activity
mechanism of RPM in patients with SCI, it can be stated
that RPM intensifies patients’ cooperation for rehabilitation and self-care, and prevents complications due to physical disorders of such patients and numerous problems
associated with constant displacements; and considering
this point, RPM leads to a few displacements and short hospitalization time, more satisfaction, and better health care
quality (19, 20, 22).

1. Elshahidi MH, Monir NY, Elzhery MA, Sharaqi AA, Haedaya H, Awad
BI, et al. Epidemiological characteristics of traumatic spinal cord injury (TSCI) in the Middle-East and North-Africa (MENA) region: A systematic review and meta-analysis. Bull Emerg Trauma. 2018;6(2):75–
89. doi: 10.29252/beat-060201. [PubMed: 29719837]. [PubMed Central:
PMC5928263].
2. Orr MB, Gensel JC. Spinal cord injury scarring and inflammation:
Therapies targeting glial and inflammatory responses. Neurotherapeutics. 2018;15(3):541–53. doi: 10.1007/s13311-018-0631-6. [PubMed:
29717413]. [PubMed Central: PMC6095779].
3. Marziniak M, Brichetto G, Feys P, Meyding-Lamade U, Vernon K, Meuth
SG. The use of digital and remote communication technologies as
a tool for multiple sclerosis management: narrative review. JMIR Rehabil Assist Technol. 2018;5(1). e5. doi: 10.2196/rehab.7805. [PubMed:
29691208]. [PubMed Central: PMC5941090].
4. Bragg DD, Edis H, Clark S, Parsons SL, Perumpalath B, Lobo DN, et
al. Development of a telehealth monitoring service after colorectal
surgery: A feasibility study. World J Gastrointest Surg. 2017;9(9):193–
9. doi: 10.4240/wjgs.v9.i9.193. [PubMed: 29081902]. [PubMed Central:
PMC5633533].
5. Ciemins EL, Coon PJ, Coombs NC, Holloway BL, Mullette EJ, Dudley
WN. Intent-to-treat analysis of a simultaneous multisite telehealth
diabetes prevention program. BMJ Open Diabetes Res Care. 2018;6(1).
e000515. doi: 10.1136/bmjdrc-2018-000515. [PubMed: 29713481].
[PubMed Central: PMC5922481].
6. Heldman DA, Harris DA, Felong T, Andrzejewski KL, Dorsey ER, Giuffrida JP, et al. Telehealth management of Parkinson’s disease using
wearable sensors: An exploratory study. Digit Biomark. 2017;1(1):43–
51. doi: 10.1159/000475801. [PubMed: 29725667]. [PubMed Central:
PMC5927622].
7. Mousa AY, Broce M, Davis E, McKee B, Yacoub M. Telehealth electronic monitoring to reduce postdischarge complications and surgical site infections after arterial revascularization with groin incision.
J Vasc Surg. 2017;66(6):1902–8. doi: 10.1016/j.jvs.2017.07.063. [PubMed:
29169546].
8. Schusterbauer V, Feitek D, Kastner P, Toplak H. Two-stage evaluation of a telehealth nutrition management service in support of diabesity therapy. Stud Health Technol Inform. 2018;248:314–21. [PubMed:
29726453].
9. Cardinale AM. The opportunity for telehealth to support neurological healthcare. Telemed J E Health. 2018. doi: 10.1089/tmj.2017.0290.
[PubMed: 29652625].
10. Martinez RN, Hogan TP, Balbale S, Lones K, Goldstein B, Woo C, et al. Sociotechnical perspective on implementing clinical video telehealth
for veterans with spinal cord injuries and disorders. Telemed J E Health.
2017;23(7):567–76. doi: 10.1089/tmj.2016.0200. [PubMed: 28067586].
[PubMed Central: PMC5802248].
11. Tenforde AS, Hefner JE, Kodish-Wachs JE, Iaccarino MA, Paganoni S.
Telehealth in physical medicine and rehabilitation: A narrative review. PM R. 2017;9(5S):S51–8. doi: 10.1016/j.pmrj.2017.02.013. [PubMed:
28527504].
12. Yozbatiran N, Harness ET, Le V, Luu D, Lopes CV, Cramer SC. A
tele-assessment system for monitoring treatment effects in subjects with spinal cord injury. J Telemed Telecare. 2010;16(3):152–7. doi:
10.1258/jtt.2009.090703. [PubMed: 20386036].
13. Ito J, Edirippulige S, Aono T, Armfield NR. The use of telemedicine
for delivering healthcare in Japan: Systematic review of literature
published in Japanese and English languages. J Telemed Telecare.
2017;23(10):828–34. doi: 10.1177/1357633X17732801. [PubMed: 29081269].

4.1. Conclusions
The findings of the current study revealed that RPM
was promising and effective in the prevention and control
of complications in patients with SCI. According to this result, it can be applied in caring programs of such patients
in order to prevent, control, and treat the complications.
But, in regard to small sample sizes of patients attending
in studies, any unified conclusions need future studies.
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