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A B S T R A C T   

Background: Low back pain is a common cause of disability in the US with increasing financial burden on 
healthcare. A variety of treatment options exist to combat LBP. Home-based therapy is a low-cost option, but 
there is a lack of data on how it compares to therapy in clinical settings. It was hypothesized that when using 
artificial intelligence-guided therapy, supervised in-clinic interventions would have a greater influence on 
patient-reported outcomes and strength than unsupervised, home interventions. 
Methods: This is a non-randomized controlled trial of 51 patients (28 female, 23 male). The investigation 
compared an 8-week, core-focused exercise intervention in a Clinic (supervised) versus Home (unsupervised) 
setting. Outcome variables included measures of strength, performance, and patient-reported outcomes related to 
function. Generalized linear regression (p < 0.05) was used to evaluate outcomes were evaluated with respect to 
sex, intervention setting, and time. 
Findings: Male subjects exhibited greater strength (p ≤ 0.02) but not greater patient-reported outcomes (p ≥ 0.30) 
than females. The Clinic group exhibited slightly greater lateral pull-down strength (p = 0.002), greater eccentric 
phase range of motion during overhead press (p < 0.01), and shorter concentric phase duration during bench 
press (p < 0.01) than the Home group. Significance between groups was not observed in any other strength, 
performance, or patient-reported outcome (p ≥ 0.11). 
Interpretation: A lack of consistent significance indicated that the hypothesis was not supported. AI-guided, tel
ehealth exercise produced comparable outcomes in both home and clinical settings. Telehealth options may offer 
a lower-cost alternative to clinic-based exercise therapy for patients with nonspecific lower back pain.   

1. Introduction 

Lower back pain (LBP) is a leading cause of disability and decreased 
quality of life among US adults (Christie et al., 1995; Freburger et al., 
2009; Hong et al., 2014). LBP has a significant impact on lost work 
which leads to annual financial losses between $100–$200 billion (Katz, 
2006; Stewart et al., 2003). In addition, implementation of LBP man
agement in health care services has significantly increased over the past 

20 years. Specifically, studies have identified a more substantial use of 
spinal injections (Friedly et al., 2007; Weiner et al., 2006), surgery 
(Deyo and Mirza, 2006; Gray et al., 2006), and opioid medications (Luo 
et al., 2004). This variety of treatment options could increase the burden 
of financial costs and medical complications. For instance, national 
Medicaid data showed 387.2% increase in LBP charges between 1991 
and 2002 (Weiner et al., 2006). In addition, the use of opioids has 
increased the risk of physical dependence and life-threatening 
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respiratory depression with high doses (Abdel Shaheed et al., 2016). 
As a variety of treatment options exist for LBP, precise assessment 

and comparison of their effects on pain and degree of functionality 
require objective evaluation tools. Patient-Reported Outcomes (PRO) 
are frequently used as a valid measuring tool to assess and monitor LBP 
clinically (Verburg et al., 2021). This is possible because two of the PRO 
components are pain interference and functional status. Studies have 
emphasized the importance of using these PRO measures to ensure valid 
feedback of outcomes (Brodke et al., 2016; Verburg et al., 2021). 

Patients with LBP are often treated with exercise therapy as a first- 
line treatment (Airaksinen et al., 2006; Kanas et al., 2018). Physical 
exercise targeting back muscles is a promising treatment for chronic 
LBP, as it can improve muscle strength and flexibility (Rainville et al., 
2004). Moreover, studies have also shown that even acute LBP for 24 h 
can reduce the efficiency of core stabilization muscles (Hides et al., 
1994; Hodges et al., 2006).Although, in the acute setting, most clinical 
guidelines focus on reassurance and pain management as first-line op
tions (Oliveira et al., 2018). Home-based training has been explored 
widely to target LBP as delivering training to patient homes increases the 
accessibility of this variety of healthcare (Opdenacker et al., 2011). 
Kanas et al. found that home-based exercise therapy for 8 weeks in pa
tients with LBP was effective in lowering their pain level, while 
increasing functional capacity and quality of life (Kanas et al., 2018). 
Some studied characteristics that influence responsiveness to home- 
based therapy are age, level of education, and sex (Searle et al., 
2015). A recent meta-analysis of 33 studies that included 9588 patients 
showed that home-based exercise training is effective in decreasing pain 
and functional limitations in patients with LBP regardless of pain 
chronicity (Quentin et al., 2021). In a randomized clinical trial of 64 
patients, supervised exercise yielded better outcomes for LBP patients 
compared to unsupervised training (Matarán-Peñarrocha et al., 2020). 
However, these statistical results were found to lack clinical significance 
because they failed to meet the minimal clinically important difference 
(MCID) (Bennett, 2001; Matarán-Peñarrocha et al., 2020). A home- 
based exercise program for LBP is as effective as supervised in
terventions, making it a more cost-effective and time-efficient option 
(Leininger et al., 2016). Further, increased implementation of tele
rehabilitation due to COVID-19 has demonstrated that properly 
executed telehealth for LBP can be equally efficacious as in-person 
rehabilitation (Seron et al., 2021). Despite these advances in tele
health, remote training sessions continue to require direct supervision 
from a clinical provider. On the other hand, opportunity remains to 
explore the role of artificial intelligence- (AI) guided telerehabilitation 
programs that can automatically adapt based on the patient’s perfor
mance data, eliminating the need for clinical provider monitoring. 
Efficient AI telerehabilitation could revolutionize clinical care delivery 
by reducing effort and cost for patients and providers. In a previous 
study, we showed that LBP patients who underwent an unsupervised, 
home-based 8-week exercise therapy program using an AI device had 
similar improvement in PROs to those who received routine clinical care 
for the same period (Bates et al., 2023). To our knowledge, evaluating 
the efficiency of AI devices in managing LBP had not been explored 
before. 

The primary purpose of this current study was to assess and compare 
PRO changes using AI-guided exercise interventions in patients with LBP 

under two settings: in clinic versus at home. The established MCID for a 
change in PROs is 5.0 for both the pain and physical function compo
nents (Khutok et al., 2021). The secondary purpose of this study is to 
compare changes in muscular strength in the two groups. We hypothe
sized that supervised in-clinic interventions would have a greater in
fluence on PROs and performance strength than unsupervised AI-guided 
home interventions. 

2. Methods 

This non-randomized trial consisted of a sub-cohort from a larger 
randomized clinical trial was approved by Mayo Clinic Institutional 
Review Board (20–007281), and the study was registered at Clinicalt 
rials.gov (NCT04543396) (Bates et al., 2023). The subjects included in 
this study are taken from the intervention arm in the parent study (Bates 
et al., 2023). 51 subjects (28 female, 23 male) from the original study 
were included in this study. Subjects completed a prescribed 8-week, 
core-focused exercise. This investigation consisted of two arms based 
on the setting of the subjects’ respective exercise: subjects who 
completed exercise training under the supervision of trained personnel 
(Clinic; N = 33) and at-home subjects who completed their exercise 
training without guidance from trained personnel (Home; N = 18). 
While the Clinic group in this analysis was recruited as part of a larger 
trial that randomized sub-group assignment, the supplemental Home 
group recruitment was targeted to individuals who already had at-home 
access to the training equipment necessary to perform the prescribed 
intervention. Because equipment availability prevented random 
assignment of individuals to the Home group, this supplementary 
analysis is considered non-randomized. Informed consent was received 
prior to subject participation. All subjects from both arms had acute 
(constant LBP for ≤3 months) or recurrent (at least one previous pre
sentation of LBP within the past 3 months (Little et al., 2008)) non- 
specific LBP that was diagnosed clinically (chiropractic or physical 
therapy care), or through completion of painDETECT and Manniche 
Lower Back Pain Rating Scale questionnaires (Bennett, 2001; Bennett 
et al., 2005; Calin, 1998; Freynhagen et al., 2006; Lentz et al., 2015; 
Manniche et al., 1994). Inclusion criteria included adults under the age 
of 65. The Manniche scale includes measurements of pain intensity, 
disability, and physical impairment and is used to monitor the outcomes 
of LBP treatment (Manniche et al., 1994). Exclusion criteria included 
chronic LBP (as constant pain for a period >3 months), surgical back 
pain subjects, patients with scores under 10 on the Manniche scale in 
self-referring subjects (insufficient for an intervention), and patients 
with scores ≥19 in the painDETECT scale (threshold to differentiate 
neuropathic from nonspecific LBP). Additionally, for subjects referred 
by a clinical care provider, the provider was consulted to confirm that 
the Manniche scale was exceeded and that the PainDETECT scale was 
not exceeded. Recruitment for the Clinic group was accomplished 
through the chiropractic and physical therapy clinics at Mayo Clinic in 
addition to internally posted advertisements. 

All subjects from both arms were presented with the same AI-guided 
exercise intervention through a Tonal training apparatus (Tonal Sys
tems, Inc., San Francisco, CA, USA). Resistance selection was performed 
on a Tonal exercise trainer. During calibration, subjects performed three 
repetitions of deadlifts, lateral pulldown, bench press, and overhead 
press tasks at their maximum effort. According to the power generated in 
these tasks, the custom Tonal AI exercise trainer calculated and rec
ommended resistances for each task in the training program (referred to 
as “Calibration” in the Results section of this paper). Calibration is 
measured by lbs. per arm. Subjects received moderate-intensity resis
tance training twice per week for 30 min per session during an 8-week 
intervention period. These training sessions followed a custom proto
col designed by an experienced certified athletic trainer (TN). Exercises 
targeted the core musculature mostly using a progressive design that 
incorporated both concentric and eccentric resistance exercises. Pro
gressive resistance was applied as tolerated by each subject. The 

Table 1 
Demographics by intervention group.    

Home Clinic 

Subject (n=)  18 33 
Sex Females 7 21  

Males 11 18 
Mean age (years)  46 (8.5) 43 (11.3) 
Smoking status Current smoker 0 1  

Previous smoker 1 23  
Non-smoker 17 9  
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intensity of the exercise was gradually increased until the participants 
could no longer continue due to exhaustion. Specific exercises and 
progression are presented in Table 2. 

Subjects were evaluated at baseline (0 weeks), mid-intervention (4- 
weeks), and post-intervention (8 weeks). Previous studies have shown 
that the changes seen by 4 weeks in this population were minimal, so 

only the 8-week measurements were assessed in this current analysis 
(Abdel Shaheed et al., 2016). Throughout these timepoints, different 
measurements were obtained, and included: strength, range of motion 
(ROM), and cycle duration (time when muscles are under tension) for a 
3-repetition maximum effort on lateral pulldown, overhead press, bench 
press, and neutral grip deadlift motions (Bates et al., 2023). ROM refers 

Table 2 
Progression of the core-targeted AI-guided exercise protocol.  

Level 1: Posture/Back/Trapezius. Two Planes. 

Tonal Position/Attachment: Lowest Position, No Rotation / Hand Grip 
Patients Position: Standing - then Sitting / Facing Tonal 
1. Warm-up  
2a. Single Arm Deadlift Right 30s (target ~8 reps) 
2b. Single Arm Deadlift Left 30s (target ~8 reps) 
3. Y-Pull 30s (target ~8 reps) 
4. Bend Over Row 30s (target ~8 reps) 
5. Alternating Bench Press 30s (target ~8 reps) 
6. Seated Bend Over Row 30s (target ~8 reps) 
7. Seated Alternating Overhead Press 30s (target ~8 reps) 
8. Resisted Glute Bridge 30s (target ~8 reps) 
9. Lying Biceps Curl 30s (target ~8 reps) 
10. Cool-down    

Level 2: Posture/Back/Trunk Twist. Three Planes (Twist Added). 

Tonal Position/Attachment: Middle Position, No Rotation / Hand Grip 
Patients Position: Standing - then Sitting / Facing Tonal 
1. Warm-up  
2a. Single Arm Deadlift Right 30s (target ~8 reps) 
2b. Single Arm Deadlift Left 30s (target ~8 reps) 
3a. Seated Pallof Press Right 30s (target ~8 reps) 
3b. Seated Pallof Press Left 30s (target ~8 reps) 
4a. Standing Single Arm Row Right 30s (target ~8 reps) 
4b. Standing Single Arm Row Left 30s (target ~8 reps) 
5. Pull Through 30s (target ~8 reps) 
6a. Quadruped Position with Cable 30s (target ~8 reps) 
6b. Quadruped Position with Cable 30s (target ~8 reps) 
7. Push-Pull 30s (target ~8 reps) 
8. Cool-down    

Level 3: Posture/Back/General Strengthening. Diagonal Patterns. 

Tonal Position/Attachment: Elevated Position, No Rotation / Hand Grip 
Patients Position: Standing - then Sitting / Facing Tonal 
1. Warm-up  
2. Standing Face Pull 1–2 × 10 
3. Seated Single Arm Lat Pulldown 1–2 × 10 
4. Middle Fly 1–2 × 10 
5a. Standing Chop Right 1–2 × 10 
5b. Standing Chop Left 1–2 × 10 
6. Bird Dog with Row 1–2 × 10 
7. Pillar Bridge with Row 1–2 × 10 
8. Rotational Row 1–2 × 10 
9. Cool-down    

Level 4: Advanced. Tonal Combination. Two Movements/Stations (Up and Down Bars). 

Tonal Position/Attachment: Elevated Position, No Rotation / Hand Grip 
Patients Position: Standing - then Sitting / Facing Tonal 
1. Warm-up Routine  
2. Squat with Row 1–2 × 10 
3. Y-Pull 1–2 × 10 
4. Standing Pallof Press 1–2 × 10 
5a. Rotational Lift 1–2 × 10 
5b. Rotational Lift 1–2 × 10 
6a. Single Arm Bench Press 1–2 × 10 
6b. Single Arm Bench Press 1–2 × 10 
7a. Rotational Chop 1–2 × 10 
7b. Rotational Chop 1–2 × 10 
8. Resisted Dead Bug 1–2 × 10 
9. Resisted Leg Lowering 1–2 × 10 
10. Cool-down   
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to the user-defined endpoints where indicated as the upper and lower 
bounds respective to each exercise. Subjects completed PRO measure
ments information system (PROMIS) Pain Interference, PROMIS Phys
ical Function (Thompson et al., 2022), and Tampa Scale of Kinesiphobia 
(TSK) questionnaires to track self-reported function at different time 
points. The PROMIS questionnaires (developed by the National Institute 
of Health) assess an individual’s ability to function in daily activities and 
the degree to which pain hinders their performance by quantifying 
changes in PROs. PROMIS scales are reliable for assessing long-term 
interventions (Jevotovsky et al., 2021; Schalet et al., 2016). The TSK 
is scored on a scale of 17–68 and quantifies fear of motion related to LBP 
based subject responses to categorical questions (Chmielewski et al., 
2011; Nijs et al., 2004; Raad et al., 2019). Questionnaires were emailed 
to subjects immediately after each evaluation timepoint and completed 
in REDCap (Harris et al., 2009). 

2.1. Statistical analysis 

In this study, a single-blinded design was facilitated by the study 
coordinator and training supervisors, while investigators leading data 
collection and performing statistical analysis were blinded prior to the 
final analysis. JMP Software (version 16 Pro, SAS institute, Cary, NC, 
USA) was used for all statistical analyses. Patient characteristics were 
summarized using descriptive statistics, including means and standard 
deviations where appropriate. When data was not parametric, log 
transforms were utilized to normalize the data for analysis. Sex (M, F), 
Group (Clinic, Home), Time (Baseline, 8-week), and their interactions 
were adjusted for using generalized regression analysis to account for 
these different covariates simultaneously (Huebner et al., 2022; Wu 
et al., 2016). For variables where significance was identified, post-hoc 
tests were used to determine individual variable effects. For post-hoc 

analysis, Tukey’s Honestly Significant Difference (HSD) test was used. 
Significance level was set a priori at α ≤ 0.05. Magnitude of change from 
baseline to 8-weeks was also assessed between Groups using Student’s t- 
test as these difference values were normally distributed within each 
Group. Again, significance level was set a priori at α = 0.05. 

3. Results 

The final analysis resulted in a total of 51 subjects (28 female, 23 
male) with 33 in the Clinic group and 18 in the Home group (Table 1). 
For all exercise strength outcomes, Males had significantly greater mean 
strength than females regardless of treatment Group or Time (P < 0.02, 
Table 3). Sex was not a significant factor for PROs, TSK scores, ROM, or 
duration of cycle repetition (p > 0.30). Statistical differences between 

Table 3 
Overall differences in exercise strength, PROs, and TSK scores based on Sex at 
the completion of the study. P-values recorded in bold indicate statistical sig
nificance between sexes.  

Category Variable [Unit] Sex Estimate Mean 
(95% CI) 

p-value 

Strength Log (Bench Press 
Calibration [Ibs]) 

Male 3.38 (3.31–3.44) < 
0.0001   

Female 2.6 (2.5–2.7)  
Neutral Grip Deadlift 
Calibration [Ibs] 

Male 46.49 
(42.00–49.65) 

0.02   

Female 25.27 (21.79–28.75)  
Lateral Pull down 
Calibration [Ibs] 

Male 35.52 
(20.18–49.68) 

0.002   

Female 24.46 (14.50–33.36)  
Log [Overhead Press 
Calibration [Ibs] 

Male 2.61 (2.56–2.65) 0.0005   

Female 2.25 (2.19–2.29)  
Tonal Calibration 
Strength [Ibs] 

Male 500.05 
(471.39–528.70) 

0.0006   

Female 294.04 (264.08–323.99)  
Lower Extremity 
Strength [score] 

Male 488.38 
(459.49–517.27) 

0.01   

Female 305.09 (274.88–335.29)  
Log (Core strength 
[score]) 

Male 6.20 (6.14–6.27) 0.0009*   

Female 5.64 (5.60–5.71)  
Log (Upper Extremity 
Strength [score]) 

Male 6.21 (6.14–6.28) 0.0003*   

Female 5.56 (5.49–5.63) 
PRO’s PROMIS Pain 

Interference [T-score] 
Male 54.9 (53.66–56.06) 0.18   

Female 54.86 (53.62–56.11)  
PROMIS Physical 
Activity [T-score] 

Male 46.47 
(45.34–47.60) 

0.37   

Female 44.31 (43.07–45.55) 
TSK Tampa Scale [score] Male 38.37 

(37.14–39.39) 
0.3   

Female 39.23 (38.06–40.40)  

Table 4 
Overall comparison in exercise strength, ROM, Cycle Duration, PROs, and TSK 
scores between treatment groups (Clinic vs. Home) at the completion of the 
study. P-values recorded in bold indicate statistical significance between treat
ment groups.  

Category Variable [Unit] Group Group 
Mean 

P- 
value 

Strength Log (Bench Press Calibration [lbs]) Clinic 2.94 0.66   
Home 3.04   

Neutral Grip Deadlift Calibration 
[Ib] Clinic 35.67 0.34   

Home 36.09   
Lateral Pulldown Calibration [Ib] Clinic 30.63 0.002   

Home 29.36   
Log (Overhead Press Calibration 
[Ib]) Clinic 2.37 0.29   

Home 2.49   
Overall Tonal Calibration Strength 
[Ib] Clinic 365.63 0.22   

Home 428.46   
Lower Extremity Strength [Ib] Clinic 370.13 0.63   

Home 423.34   
Log (Core strength) [Ib] Clinic 5.84 0.33   

Home 6.01   
Log (Upper Extremity Strength) 
[score] Clinic 5.77 0.39   

Home 6.01  

ROM 
Eccentric ROM in Bench Press 
[cm] Clinic − 19.3 0.22   

Home − 20.17   
Eccentric ROM in Neutral Grip 
Deadlift [cm] Clinic − 16.5 0.86   

Home − 18.17   
Eccentric ROM in Lateral 
Pulldown [cm] Clinic − 20.21 0.7   

Home − 21.33   
Eccentric ROM in Seated 
Overhead Press [cm] Clinic − 18.74 0.012   

Home − 22  
Cycle 

Duration 
Concentric phase duration in 
Bench Press [seconds] Clinic 1.31 0.0027   

Home 1.17   
Log (Concentric phase duration in 
Neutral Grip Deadlift [seconds]_ Clinic 0.19 0.35   

Home 0.05   
Log (Concentric phase duration in 
Lateral Pulldown [seconds]) Clinic 0.56 0.93   

Home 0.3   
Concentric phase duration in 
overhead press [seconds] Clinic 1.45 0.42   

Home 1.26  

PROs 
PROMIS Pain Interference [T- 
score] Clinic 55.9 0.35   

Home 53.86   
T-score PROMIS Physical Activity 
[T-score] Clinic 44.14 0.11   

Home 46.55  
TSK Tampa Scale [score] Clinic 39.06 0.14   

Home 38.54   

K. Alzouhayli et al.                                                                                                                                                                                                                             

Downloaded for Anonymous User (n/a) at Duke University from ClinicalKey.com by Elsevier on March 07, 2025. 
For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



Clinical Biomechanics 109 (2023) 106069

5

Clinic and Home Groups were limited and inconsistent. Significance was 
observed for lateral pulldown strength, concentric phase duration for 
bench press, and eccentric range of motion for overhead press (Table 4). 
All other variables lacked significance between Groups (p > 0.11). 

Relative to between Group differences for change in magnitude, most 
outcome variables were found to lack significance (Table 5). Signifi
cance was identified in a few other variables. Concentric ROM for bench 
press, absolute ROM for Bench Press, and lateral pulldown calibration 
experienced greater change for the Clinic subjects (p < 0.038); whereas 
concentric phase duration for neutral grip deadlift experienced greater 
change for Home subjects (p = 0.04). 

4. Discussion 

Given the increased demand for home-based training and therapy, it 
has become necessary to quantify the efficacy of home-based exercise 
intervention relative to in-clinic treatments. Accordingly, this study 
examined the efficacy of AI-guided core-focused moderate-intensity 
exercise interventions in a supervised clinic versus unsupervised home 
setting relative to PROs strength, and function for subjects with LBP. The 
current study did not support significant differences between Clinic and 
Home Groups following the completion of identical 8-week exercise 
interventions. Although statistical significance testing showed that the 
Clinic Group had overall greater strength results on three exercises 
(Table 5), these differences were sporadic and inconsistent with the rest 
of the activities performed. These results lead to the rejection of the 
hypothesis that clinic interventions would have a greater influence on 
PROs and performance strength than home interventions. The extra 
value that AI-guided home intervention brings to physical medicine lies 
in its ability in lowering costs. As telerehabilitation of patients with LBP 
has been shown to be cost-saving when compared to traditional clinic- 

based therapy (Chaabene et al., 2021), the comparable results in out
comes between the two settings give an extra advantage to home-based 
interventions. 

Irrespective of time or treatment group, males consistently showed 
significant advantage over females for strength generation across all 
four exercises used for evaluation. However, both sexes exhibited 
overall similar PROs within each treatment group. This is consistent 
with recently published literature showing that both sexes exhibit 
similar PROMIS physical function scores (Jevotovsky et al., 2021). This 
raises the question of whether strength alone could affect PRO out
comes. In their randomized clinical trial (RCT), Lang et al. found that 
motor-skill training had a greater influence on functional improvement 
in patients with LBP than strength and flexibility exercises did. The 
findings in this RCT, along with our observation that males exhibit 
greater overall mean strength but similar PRO outcomes to their female 
counterparts, are strong arguments that strength alone does not drive 
PROs. Therefore, neuromuscular control is likely to be more important 
than strength for nonspecific back pain. This is further supported by a 
systematic review showing that core stability provides great results in 
patients with LBP, reducing pain intensity and functional disability and 
improving quality of life (Frizziero et al., 2021). 

Although three exercise strengths were different between the Home 
and Clinic groups, their sporadic presentation makes them clinically 
insignificant. Additionally, pairwise comparisons between the three 
primary factors (Sex, Group, and Time) showed that Group (Home vs. 
Clinic) did not have a significant effect on PROs or strength regardless of 
Sex or Time interactions. Although a separate randomized clinical trial 
of 64 patients demonstrated that supervised exercise led to minor im
provements over unsupervised exercise in PROs, the authors of this trial 
denied clinical significance of their results (Matarán-Peñarrocha et al., 
2020). Clinical significance was lacking because their results yielded 
differences in the Ronald-Morris Disability questionnaire below the 
minimal clinically important difference (MCID) (Bombardier et al., 
2001). Additionally, a recent study demonstrated that in times of 
restricted physical activities, such as the time experienced during the 
COVID-19 pandemic, home-based exercises can serve as an alternative 
option to preserve the health and fitness of older adults (Chaabene et al., 
2021). Accordingly, both the current study and previous literature have 
documented that the presence of supervision in prescribed exercise 
training has a limited influence on clinical outcomes. The strengths of 
this presented study lie in its RCT design and the idea of exploring the 
effectiveness of AI-guided therapy in two different settings. Considering 
the higher cost of in-clinic therapy, the lack of significant difference 
between the Clinic and Home groups in this study suggests that it may 
not always be necessary for patients with nonspecific LBP to receive 
their exercise therapy in clinical settings. This again advocates for the 
role of telerehabilitation as a useful supplement to clinically guided care 
for physical medicine. 

There are multiple limitations to this study. Our subject cohort was 
insufficiently powered to parse out the effect of confounders such as age, 
BMI, smoking status, analgesic use, or medical comorbidities. While this 
approach does allow for improved generalizability of our results across 
adult patients, future research is needed to assess the impact of these 
confounders as increased age, mass, and smoking are all known to in
crease LBP prevalence (Kopec et al., 2004; Parreira et al., 2018; Shiri 
et al., 2019; Waxman et al., 2000). Secondly, this study targeted im
mediate results of an 8-week intervention period. Additional study is 
necessary and ongoing to determine the sustained effect of this inter
vention over a longitudinal period (12 months). Another limitation of 
the current study is that activities outside of the prescribed intervention 
were neither tracked nor restricted. While compliance for the enrolled 
subjects was documented and demanded to exceed 66% of the pre
scribed sessions, it remains unknown what other activities the subjects 
participated in. Again, this is representative of a realistic LBP patient 
population as individuals lead varying lifestyles; however, activity 
outside the scope of the intervention could obviously confound the 

Table 5 
Differences in strength, ROM, Cycle Duration, PROs, and TSK scores (Home - 
Clinic) Based on Change of time (Week 8 - Baseline). P-values recorded in bold 
indicate statistical difference was present between training groups.  

Category Variable [Unit] Difference (Home 
- Clinic) 

p- 
value 

Strength Bench Press Calibration [lbs] − 1 0.12  
Neutral Grip Deadlift Calibration 
[lbs] − 1.01 0.67  
Lateral Pull down calibration [lbs] − 1.84 0.038  
Overhead Press calibration [lbs] − 0.28 0.29  
Overall Tonal Calibration Strength 
[lbs] 11.95 0.28  
Lower Extremity Strength [lbs] 7.86 0.65  
Core strength [lbs] 4.99 0.69  
Upper Extremity Strength [lbs] 3.27 0.72 

ROM 
Eccentric ROM in Seated Overhead 
Press [cm] − 2.22 0.34  
Concentric ROM in Bench Press 
[cm] − 1.09 0.02  
Absolute ROM in Bench Press [cm] − 0.98 0.03  
Absolute ROM in Neutral Grip 
Deadlift [cm] 1.89 0.16  
Absolute ROM in Lateral Pulldown 
[cm] − 2.72 0.2  
Absolute ROM in Overhead press 
[cm] 0.67 0.71 

Cycle 
Duration 

Concentric phase duration in Bench 
Press [seconds] 0.08 0.36  
Concentric phase duration in 
Neutral Grip Deadlift [seconds] 0.38 0.0059  
Concentric phase duration in 
Lateral Pull down [seconds] − 1.5 0.24  
Concentric phase duration in 
overhead press [seconds] 0.13 0.29 

PROs PROMIS Pain Interference [T-score] − 2.3 0.18  
PROMIS Physical Activity [T-score] 0.66 0.57 

TSK Tampa Scale [score] − 0.41 0.71  
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observed results (Citko et al., 2018). In addition, the strength compar
ison between males and females is not relative to other non-sex factors, 
such as BMI and age, therefore, our discussion on how strength does not 
affect PRO’s is limited from that perspective. Finally, the cost- 
effectiveness of AI-guided, home-based exercises is highlighted in this 
paper using cited literature; however, this argument does not consider 
patients who are in financial assistance programs and have zero or low 
co-payment costs for in-clinic treatment. 

5. Conclusions 

Using AI-targeted therapy, supervised moderate-intensity exercise 
interventions were not associated with greater influence on perfor
mance, function, and pain when compared to unsupervised at-home 
interventions. The current study provides promising results that could 
simultaneously decrease therapy costs while increasing guided physical 
activity dosage for patients with LBP. We recommend future studies to 
evaluate long-term differences between the two settings, parse out po
tential confounding variables, and establish the effect of AI guidance 
versus simple activity performance. 
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