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Objective

The purpose of this systematic review and meta-analysis is to examine the impact of telemedicine interventions on the quality of life (QoL) and depression in individuals with spinal cord injury (SCI).





Methods

A literature search was conducted in four electronic databases (PubMed, Web of Science, EMBASE, and the Cochrane Library) from their inception to February 1, 2024. Two authors independently screened the studies and extracted the data. Cochrane’s bias risk tool for randomized controlled trials was used to examine the methodological quality of the included studies. A meta-analysis was conducted using Review Manager (version 5.4) to synthesize the results of the included studies.





Results

A total of 10 trials with 728 participants were included in the review. The results of the meta-analysis showed that telemedicine interventions significantly improved QoL [Standardized Mean Difference (SMD)=0.72, 95% Confidence Interval (CI) (0.11, 1.32), P=0.02] and reduced depression scores [SMD=-0.18, 95% CI (-0.31, -0.05), P=0.006].





Conclusions

Telemedicine interventions are a feasible method to support people with SCI, and can mitigate depression and enhance quality of life. In the future, studies should involve larger sample sizes and extended follow-up periods to validate these findings and to identify the most effective telemedicine interventions for improving the overall health outcomes of individuals with SCI.





Systematic Review Registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42024508702.
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1 Introduction

SCI is recognized as one of the major clinical challenges of the 21st century, with approximately 500,000 new cases reported worldwide each year (1–3) and a significant increase in incidence among the elderly population (4). Specifically, SCI refers to the structural and functional damage of the spinal cord caused by trauma, disease, or other factors, leading to impairments in motor, sensory, urinary, bowel, and autonomic functions below the level of injury (5), often resulting in permanent paralysis to varying degrees (6). Consequently, post-surgery, people with SCI frequently experience increased pessimism and depression, which diminishes their QoL (7, 8) and imposes a significant economic burden on families and society (9, 10). A study by Van Loo et al. found that 72% of individuals with SCI reported a need for additional care in general, indicating a broad demand for extended support services beyond standard care, which may include but is not limited to telemedicine interventions (11). Telemedicine presents several advantages, including cost savings, enhanced rehabilitation efficiency, and reduced disparities in resource allocation (12). These benefits have led to its widespread adoption for home rehabilitation in people with SCI, particularly following the COVID-19 pandemic (13).

Telemedicine refers to the provision of healthcare services through information and communication technologies, including telephone consultations, video conferencing, web-based platforms, and mobile applications (14). These modalities enable remote monitoring of individuals, consultations, and follow-up care, offering a flexible and accessible alternative to traditional in-person healthcare services. While the effectiveness of telemedicine applications has shown varied results, multiple studies have reported significant positive outcomes for individuals with SCI, particularly in areas such as QoL, functional independence, and care satisfaction. For example, Dallolio et al. (12) found that telemedicine support significantly improved QoL and functional independence for individuals with SCI. In the realm of postoperative pain management, Kolcun et al. (15) observed positive effects from telemedicine, though results for psychological support were mixed. Additionally, Niknamian’s (16) systematic review indicated that telemedicine effectively reduced care costs and enhanced care quality, though results for individuals self-management were variable. Sechrist et al. (17) showed that individuals with SCI experienced significant improvements in satisfaction and rehabilitation outcomes with iPad-based telemedicine, though the effects on long-term psychological support were limited. Similarly, Yuen et al. (18) reported that telemedicine significantly reduced follow-up needs, though psychological support outcomes varied based on individual differences. Additionally, while systematic reviews specifically addressing telemedicine for individuals with SCI are relatively limited compared to other chronic conditions, recent literature has progressively examined its efficacy across diverse health-related concerns within this population. For instance, a systematic review and meta-analysis conducted by Chen et al. (19) demonstrated that telemedicine interventions significantly contribute to the prevention of pressure injuries, which indirectly enhances QoL in individuals with SCI. Rekand et al. (20) investigated the application of remote psychological support for individuals with individuals with SCI, finding that it positively influences the mitigation of depressive symptoms and promotes mental well-being, particularly benefiting those with limited access to in-person psychological services. Furthermore, Mirbaha et al. (21) reviewed various telemedicine service models, underscoring that personalized telemedicine in home care settings markedly improves both QoL and depression management outcomes for individuals with SCI. While these studies elucidate the potential advantages of telemedicine, there remains an absence of systematic reviews and meta-analyses that directly and comprehensively evaluate the effects of telemedicine on overall QoL and depressive symptoms in SCI populations.

Therefore, the objective of this study was to conduct a systematic review and meta-analysis to specifically assess the efficacy of telemedicine interventions in improving quality of life and reducing depression among individuals with SCI, thereby providing further supplementation and evidence to the existing literature.




2 Methods



2.1 Literature Search

This systematic review and meta-analysis are reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement (22). A protocol for this review was registered on the PROSPERO International Prospective Register of Systematic Reviews (Registration No. PROSPERO CRD42024508702). We searched the following databases for randomized controlled trials from their inception to February 1, 2024: Web of Science, PubMed, Embase, and the Cochrane Library. Different databases were searched using a combination of MeSH terms, subject terms, and free terms. The following terms were used: telemedicine, telerehabilitation, spinal cord injury, and randomized controlled trial. The specific search strategy is detailed in the appendix.




2.2 Inclusion Criteria

The inclusion criteria for the study were as follows: (1) Study Design: Randomized controlled trials. (2) Participants: Individuals with spinal cord injury. (3) Interventions: The intervention group received telemedicine interventions, including telephone, application-based, web-based, or other remote technologies, while the control group received routine care for SCI. (4) Outcomes: Reported outcomes including at least one of the following: QoL, depression, anxiety, stress.




2.3 Exclusion Criteria

The exclusion criteria for the study were as follows: (1) Individuals with psychiatric disorders and children with SCI. (2) Secondary studies, such as reviews and systematic evaluations. (3) Studies where the full text was not available or original data was missing. (4) Duplicate publications. (5) Conference papers, dissertations, and theses. (6) Non-English papers.




2.4 Data Extraction

Endnote X9 software was used to import all references and remove duplicates. The remaining references were independently screened by two researchers according to pre-established inclusion and exclusion criteria. Key information was extracted and cross-checked by both researchers, with any disagreements resolved through discussion or by involving a third researcher. The extracted data included author’s name, year of publication, country, sample size, mean age, research focus, injury duration, injury level, injury etiology, interventions in the experimental and control groups, follow-up duration, and outcome measures.




2.5 Quality Assessment

The risk of bias in the included studies was assessed by two researchers independently using the Cochrane Handbook for Systematic Reviews of Interventions (23). Studies with evident design biases were excluded. The assessment tool covered the following seven domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors, incomplete outcome data, selective reporting, and other sources of bias. Each domain was rated as “low risk of bias,” “high risk of bias,” or “unclear.” Any disagreements in the assessment were resolved through discussion or by involving a third researcher, resulting in a consensus.




2.6 Statistical Analysis

This study employed Review Manager 5.4 software for conducting meta-analyses. When outcome measures were consistent across studies, the effect size was calculated as the mean difference (MD) with corresponding 95% confidence intervals (CIs). For outcome measures with variability, such as differences in assessment tools or measurement scales, standardized mean differences (SMD) were used to facilitate comparability. Heterogeneity among the included studies was assessed using the I² statistic, which measures the proportion of variability across studies attributable to heterogeneity rather than chance. An I² value exceeding 50% indicated substantial heterogeneity, warranting the use of a random-effects model with the DerSimonian and Laird method as implemented in RevMan. For I² values below 50%, a fixed-effects model with the Mantel-Haenszel method was used. Subgroup analyses were performed to investigate sources of heterogeneity based on key study characteristics, including intervention type and duration. A funnel plot was created to visually assess publication bias. Symmetry in the funnel plot indicated a low risk of publication bias, whereas asymmetry suggested potential publication bias or small-study effects. An asymmetrical funnel plot, with missing studies on one side, could suggest selective reporting of significant results. Given the small number of included studies (fewer than 10), the statistical power to detect asymmetry was low, necessitating cautious interpretation of the results.





3 Results



3.1 Literature Search

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for this study is presented in Figure 1. The search strategy yielded 457 articles from four databases. After removing duplicates and screening titles and abstracts, 48 articles were retained for full-text evaluation. Based on the inclusion and exclusion criteria, only 10 studies (6, 24–32) were included in this meta-analysis. All of these studies were randomized controlled trials published between 2012 and 2023.




Figure 1 | Flowchart of study selection.






3.2 Risks of Bias and Quality Assessment

According to the Cochrane Handbook’s assessment of bias risk in the included studies, the results indicate that a high risk of bias was present in only a few areas, while most criteria were met satisfactorily, suggesting that the overall quality of the included studies was moderate (33). Seven studies (24, 26–29, 31, 32) described the methods of random sequence generation, while three studies (6, 25, 30) mentioned randomization without providing specific details. Additionally, four studies (24–26, 29) implemented allocation concealment, indicating a lower risk of bias. Regarding detection bias, one study (25) employed double-blinding for both participants and assessors. In eight studies (6, 24, 26, 27, 29–32), it was unclear whether blinding was applied to participants, and in three studies (6, 26, 32), it was unclear whether assessors were blinded. One study (28) exhibited a high risk of bias concerning the blinding of participants or assessors. The risk of bias for incomplete outcome data, selective reporting, or other biases was generally low across the 10 included studies (6, 24–32).Detailed risk of bias assessments and summaries are presented in Figures 2 and 3.




Figure 2 | Risk of bias graph.






Figure 3 | Risk of bias summary.






3.3 Study and Participant Characteristics

Among the 10 included studies (6, 24–32), there were a total of 728 participants, with an average age ranging from 40 to 60 years. These studies were published between 2012 and 2023 and were conducted in seven countries, including the United States (n=3) (28, 30, 31), the United Kingdom (n=1) (26), Australia (n=2) (27, 32), Canada (n=1) (25), China (n=2) (6, 29), India and Bangladesh (n=1) (24). Five studies (24, 27, 28, 30, 31) utilized telephone-based remote interventions, Five studies (25, 26, 29, 32) employed web-based or app-based online learning. In the study by Hearn et al., the remote intervention was delivered via a webpage, enabling participants to engage in mindfulness training through audio sessions provided on the site. However, the article did not specify the website address or the name of the webpage. Chemtob et al. (25) utilized the REACTS® video software for interventions, which provided counseling sessions aimed at enhancing motivation for recovery and participation in physical exercise through behavior change techniques and self-regulation strategies. Coulter et al. (26) employed a self-developed website (www.webbasedphysio.com) for remote personalized physical therapy, enabling individuals to complete rehabilitation exercises tailored to their specific exercise plans, thereby better meeting each individual’s needs. One study utilized SurveyMonkey© software, which provided online learning packages for remote education, helping individuals with SCI find employment, facilitate reintegration into society, and reduce anxiety. Liu et al. (29) utilized an app called ‘Together,’ which included post-discharge health education and follow-up services. Individuals could use the app to interact with researchers via video, phone calls, and text messages to address any issues. The team led by Migliorini et al. (32) developed the Electronic Personal Administration of Cognitive Therapy (ePACT) program, which included a 10-module skills and psychological education plan aimed at improving negative emotions through structured learning. One study (6) utilized an online home care intervention that included video education and an internet platform built using WeChat, a mobile app, telephone, Microblog, and QQ groups. This platform provided multi-channel access to consultation services for care, medical treatment, prevention, and health maintenance. Additionally, researchers could publish disease-related information on the platform for individuals to access and learn from, and they could also engage in one-on-one conversations with the researchers. The follow-up duration in the included studies ranged from 4 weeks to 12 months.

The degree of depression was assessed using various scales, including the Depression Anxiety Stress Scale-21 (DASS-21), Patient Health Questionnaire-9 (PHQ-9), the Hospital Anxiety and Depression Scale (HADS), and Beck Depression Inventory-II (BDI-II), with lower scores indicating less severe depression. The QoL was evaluated using the Delighted-Terrible Scale (DTS), The World Health Organization Quality of Life Brief Scale (WHO-QOL BREF), Euro Quality of Life 5-Dimensional 5-Level (EQ-5D-5L), The Life Satisfaction Questionnaire-11 (LSQ-11), and The MOS 36-Item Short Form Health Survey (SF-36), with higher scores indicating better QoL. Additionally, anxiety was assessed using the HADS and DASS-21 subscales, while stress was evaluated using the DASS-21 subscale. Detailed characteristics of the included studies are presented in Tables 1–3.


Table 1 | Basic characteristics of the study.




Table 2 | Participant Characteristics and Study Focus in Telemedicine Interventions for SCI.




Table 3 | Summary of Included Studies: Primary and Secondary Outcome Measures.






3.4 Primary Outcomes



3.4.1 QoL

Five studies (6, 24–26, 30) reported on the impact of telemedicine on the quality of life (QoL) of individuals with SCI, with high heterogeneity observed among the studies (P<0.0001, I²=86%), likely due to the use of different scales to assess QoL in each study. Therefore, a random-effects model was applied for the analysis. The results indicated that telemedicine significantly improved the QoL for individuals with SCI compared to the control group [SMD=0.72, 95% CI (0.11, 1.32), P=0.02]. Subgroup analyses based on follow-up time and intervention method revealed that within 3 months, telemedicine interventions significantly improved the QoL for individuals with SCI compared to the control group [SMD=0.58, 95% CI (0.28, 0.89), P=0.0002], while no significant difference was observed at 12 months [SMD=0.88, 95% CI (-0.87, 2.64), P=0.32] (Figure 4). Telephone-based telemedicine showed no significant difference compared to the control group [SMD=0.28, 95% CI (-0.29, 0.84), P=0.34], whereas online learning-based telemedicine showed a significant improvement in QoL compared to the control group [SMD=0.72, 95% CI (0.11, 1.32), P=0.01] (Figure 5).




Figure 4 | Forest plot: effect of different follow-up times on QoL.






Figure 5 | Forest plot: effect of different interventions on QoL.






3.4.2 Depression

Nine studies (24–32) reported on the impact of telemedicine on depression in individuals with SCI. The heterogeneity among these studies was low (P=0.08, I²=36%), so a fixed-effects model was used for the analysis. The results indicated that telemedicine significantly improved depression in individuals with SCI compared to the control group [SMD=-0.18, 95% CI (-0.31, -0.05), P=0.006]. Subgroup analyses based on follow-up time and intervention method showed that within 3 months, there was no significant difference in the improvement of depression between the telemedicine group and the control group [SMD=-0.36, 95% CI (-0.88, 0.15), P=0.17], and between 3-6 months, there was also no significant difference [SMD=-0.13, 95% CI (-0.35, 0.09), P=0.24]. However, at 6 months and beyond, there was a significant difference in the improvement of depression between the telemedicine group and the control group [SMD=-0.20, 95% CI (-0.37, -0.03), P=0.02] (Figure 6). For intervention methods, telephone-based telemedicine showed no significant difference compared to the control group [SMD=-0.15, 95% CI (-0.33, 0.04), P=0.12], whereas online learning-based telemedicine showed a significant improvement in depression compared to the control group [SMD=-0.22, 95% CI (-0.41, -0.04), P=0.02] (Figure 7).




Figure 6 | Forest plot: effect of different follow-up times on depression.






Figure 7 | Forest map: effect of different interventions on depression.







3.5 Secondary Outcome



3.5.1 Anxiety

Three studies (26, 27, 32) reported on the impact of telemedicine on anxiety in individuals with SCI. Among them, one study (26) used the HADS-A subscale of the HADS to assess anxiety, while the other two (27, 32) used the anxiety subscale of the DASS-21. The heterogeneity among these studies was high (P=0.04, I²=59%), so a random-effects model was used for the analysis. The results indicated that there was no significant difference in the improvement of anxiety between the telemedicine group and the control group [SMD=0.19, 95% CI (-0.27, 0.65), P=0.42]. Subgroup analysis based on follow-up time showed that within 3 months [SMD=0.04, 95% CI (-0.73, 0.82), P=0.91] and at 6 months [SMD=0.32, 95% CI (-0.39, 1.03), P=0.38], there were no significant differences in the improvement of anxiety between the telemedicine group and the control group (Figure 8).




Figure 8 | Forest plot: effect of different follow-up times on anxiety.






3.5.2 Stress

Two studies (27, 32) reported on the impact of telemedicine on stress in individuals with SCI. Both studies used the stress subscale of the DASS-21 for assessment. The heterogeneity among these studies was low (P=0.68, I²=0%), so a fixed-effects model was used for the analysis. The results indicated that there was no significant difference in the improvement of stress between the telemedicine group and the control group [SMD=0.17, 95% CI (-0.13, 0.47), P=0.27]. Subgroup analysis based on follow-up time showed that at 3 months [SMD=0.34, 95% CI (-0.08, 0.76), P=0.12] and at 6 months [SMD=0.00, 95% CI (-0.42, 0.42), P=0.99], there were no significant differences in the improvement of stress between the telemedicine group and the control group (Figure 9).




Figure 9 | Forest plot: effect of different follow-up times on stress.







3.6 Sensitivity Analysis and Publication Bias

A sensitivity analysis was conducted by sequentially removing each of the 10 included studies (6, 24–32), and the results showed no significant changes, indicating that the findings of this study are relatively stable. Funnel plots were generated for the primary outcomes, QoL and depression in individuals with SCI. The results showed that the funnel plots were approximately symmetrically distributed, suggesting a low likelihood of publication bias among the included studies (Figures 10, 11).




Figure 10 | QoL funnel plot.






Figure 11 | Depression funnel plot.







4 Discussion



4.1 Main Outcome Indicators



4.1.1 Effectiveness of Telemedicine on QoL in Individuals with SCI

The results of this study indicate that telemedicine can significantly improve the QoL of individuals with SCI, with a statistically significant difference (P<0.05). Although healthcare institutions are the preferred sites for SCI treatment and rehabilitation, they require individuals to visit in person. Research has shown that the distance between healthcare facilities and individuals’ homes significantly affects the utilization of medical services (34). Telemedicine allows individuals to receive healthcare services at home, alleviating the inconveniences caused by transportation and time constraints, and providing real-time monitoring and rehabilitation services, which facilitate timely adjustments to treatment plans and improve rehabilitation outcomes (35). Additionally, in this systematic review, half of the studies (25, 26, 29, 32) involved individuals with SCI using web-based or app-based online learning. Telemedicine platforms typically offer health education and self-management resources, enabling individuals to learn how to better manage their condition under the guidance of their physicians, thereby enhancing their initiative and enthusiasm for rehabilitation (36). Individuals can also more easily access psychological support services (37), which is crucial for those with SCI who may face psychological stress and social barriers in addition to physical challenges. Overall, telemedicine provides more convenient, comprehensive, and personalized healthcare services for individuals with SCI, helping to improve their QoL and rehabilitation outcomes.

Subgroup analysis showed that within 3 months, telemedicine significantly improved the QoL of individuals with SCI compared to the control group. However, at 12 months, there was no significant difference in QoL between the groups. A possible reason for this discrepancy is that the novelty and convenience of telemedicine might initially motivate individuals with SCI who have not previously received such services to actively participate in the intervention, leading to better outcomes. Over time, however, psychological fatigue may set in, reducing adherence to the rehabilitation plan and diminishing the improvement in QoL. Furthermore, the included studies had a wide range of evaluation periods, lacking consistent data between 3 to 12 months, and only two studies provided data on QoL at 12 months. The small sample size and limited representativeness may affect the study’s results. Future research should include long-term follow-up studies to determine the long-term effects of telemedicine on the QoL of individuals with SCI.




4.1.2 Effectiveness of Telemedicine on Depression in Individuals with SCI

According to a World Health Organization study (38), 2 to 3 out of every 10 individuals with SCI exhibit significant signs of depression. However, since depression and other psychological emotions are often considered common symptoms following SCI, they do not receive sufficient attention from medical personnel and family members (39). The results of this study showed that telemedicine has a significantly better effect on improving depression in individuals with SCI compared to standard care. However, subgroup analysis indicated that the improvement in depression scores was minimal for intervention durations of less than 6 months, with significant improvements observed only after 6 months of telemedicine intervention. People with SCI often face numerous life challenges, including physical limitations and social changes, which foster negative emotions. The development of depression can be influenced by various factors, including individual differences, social support, and the severity of the condition (40).While telemedicine provides convenience, the rehabilitation process for individuals with SCI is slow and challenging. Under these circumstances, the improvement of depressive symptoms may require long-term, continuous intervention. After receiving telemedicine services for six months, individuals with SCI showed significantly better improvement in depression compared to standard care. These findings align with a meta-analysis indicating that telemedicine interventions showed no significant improvement in depression symptoms in the early stages, but significant alleviation of symptoms was observed after 6 months of intervention (41). Additionally, A review (42) indicated that the effectiveness of telemedicine in improving depressive symptoms is nearly equivalent to that of traditional face-to-face therapy, making telemedicine a high-quality alternative for individuals with SCI. Considering these factors, the application of telemedicine in the treatment of depression among individuals with SCI holds substantial value and has significant potential for broader adoption. Over time, understanding the sustainability of treatment effects and potential intervention mechanisms will help provide a more comprehensive evaluation of telemedicine’s role in mental health.




4.1.3 Effectiveness of Different Forms of Telemedicine on QoL and Depression in Individuals with SCI

Various telehealth interventions exhibit differing levels of effectiveness in improving QoL and reducing depression among individuals with SCI. Telephone counseling demonstrated limited effectiveness in enhancing QoL or alleviating depression, likely due to its lack of interactivity and real-time feedback. Mackelprang et al. (30) reported that, although telephone counseling offered psychological support and health advice, its lack of visual stimulation and personalized guidance diminished participant engagement and constrained its efficacy. In contrast, online learning and application-based personalized interventions yielded significantly greater benefits. Chemtob et al. (25) demonstrated that video-based learning on the REACTS platform significantly enhanced participants’ life satisfaction (Hedges’ g = 0.51) and engagement in health behaviors (Hedges’ g = 0.97). Similarly, Li et al. (6) developed an integrated internet platform combining video education, online consultations, and follow-ups, which significantly improved QoL and reduced depressive symptoms. The multimedia features of online platforms, including video education and interactive animations, facilitated intuitive and engaging knowledge transmission, thereby enhancing participants’ interest in learning and motivation for rehabilitation. Additionally, these platforms often incorporate real-time data tracking and feedback, enabling healthcare teams to dynamically tailor intervention strategies to participants’ rehabilitation progress. For instance, Coulter (26) and Liu (29) found that online platforms enabled participants to log exercise data, facilitating personalized guidance that significantly improved QoL and alleviated depressive symptoms. Compared to online platforms, telephone counseling exhibited limited effectiveness, although it provided some value in psychological support. Future research should investigate the integration of various telehealth modalities, including online learning, application-based support, and video monitoring, to effectively address the diverse needs of individuals with SCI and optimize rehabilitation outcomes.





4.2 Secondary Outcome Indicators

The results of this study indicate that telemedicine did not significantly improve anxiety and stress in individuals with SCI. Depression, stress, and anxiety have distinct psychological mechanisms and characteristics. Depression is often associated with low mood, lack of interest, and negative emotions (43), whereas stress and anxiety are more related to stress responses and hyperarousal (44). Telemedicine interventions may be more suited to addressing symptoms of depression but may have limited effectiveness for the complex responses of stress and anxiety. Many telemedicine programs primarily focus on individuals education and psychological counseling, helping them adjust their mindset and resolve practical issues. This approach may more effectively address the core issues of depression but might lack sufficient, targeted strategies to cope with the physiological responses and emotional fluctuations associated with anxiety and stress. Moreover, the anxiety and stress experienced by individuals with SCI often stem from ongoing challenges in their daily lives, including loss of physical function, social isolation, and economic difficulties. Telemedicine alone may not effectively mitigate the impact of these triggers on individuals. Additionally, the limited number of studies included in the analysis that focused on anxiety and stress may have affected the ability to detect significant effects, contributing to the lack of observed improvements. Further research is needed to develop and evaluate more comprehensive and targeted interventions for managing anxiety and stress in individuals with SCI, potentially integrating telemedicine with other support systems to address the multifaceted nature of these emotional responses.




4.3 Limitations and Perspectives

This meta-analysis has several limitations that should be considered. Although the 10 included studies assessed depression and QoL related outcomes, only 5 explicitly designated them as primary outcomes, with the remaining studies focusing on other indicators, such as functional improvement, physical health, or participant satisfaction. As a result, the findings may not fully reflect the potential impact of telemedicine on depression and QoL in individuals with SCI. Additionally, sample heterogeneity—including differences in participants’ demographic characteristics, injury severity, baseline health conditions, and control group care protocols—complicates the interpretation of pooled results and reduces the comparability of findings across studies. Furthermore, the geographical concentration of studies in North America, Europe, and Australia, combined with significant variations in follow-up durations, limits both the generalizability of findings and the understanding of telemedicine’s long-term effects. Some studies conducted only short-term assessments, potentially overlooking the sustained impact of interventions, especially in resource-limited regions.

To address these biases and improve the generalizability of findings, future research should focus on refining study designs. Efforts to recruit larger and more diverse samples, including individuals from a variety of demographic backgrounds, cultural contexts, and injury severities, would improve the representativeness of findings. Standardizing care protocols for control groups across studies would minimize variability and enhance the comparability of results. Additionally, extending follow-up durations, collecting interim data at regular intervals, and employing advanced analytical techniques, such as stratified analysis or meta-regression, would enable a more systematic exploration of the relationships between intervention effects and subgroup characteristics, thereby mitigating biases arising from heterogeneity. Finally, future studies should preregister protocols and ensure transparency in reporting all outcomes, including nonsignificant findings, to minimize the risk of selective reporting bias. Additionally, researchers could consider adopting the Registered Report format, which involves peer review of the study protocol before data collection begins. This extra layer of scrutiny can further reduce biases such as selective reporting and improve the overall quality of research (45). Both preregistration and Registered Reports contribute to enhancing the reliability of scientific findings, though they do so in different ways (46).

These improvements would enable future research to more comprehensively evaluate the therapeutic potential of telemedicine for individuals with SCI and provide stronger evidence of its impact on psychological health and overall QoL.




4.4 Strengths

This study offers several significant strengths. Firstly, this meta-analysis focuses on individuals with SCI, a group that has been underexplored in telemedicine research. By systematically evaluating the impact of telemedicine on the quality of life and depression in people with SCI, this study addresses a critical gap in the literature. Secondly, the study adheres strictly to the Cochrane Handbook guidelines for assessing the quality of the included studies. Although the overall quality of the included studies was moderate, the rigorous methodological approach ensures the reliability and transparency of the findings. Thirdly, through subgroup analyses, this study provides key insights into the differential effects of telemedicine interventions across various time points and delivery methods, offering valuable guidance for optimizing strategies in future research and clinical practice.





5 Conclusion

Current evidence suggests that implementing telemedicine can improve the QoL and reduce depression in individuals with SCI to some extent. Future research should focus on long-term follow-up studies to evaluate the effectiveness of telemedicine interventions for spinal cord injury management at home. Additionally, combining various telemedicine approaches and designing more rigorous, large-scale randomized controlled trials will be crucial in providing stronger evidence to guide clinical practice.
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