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Abstract
[bookmark: _Hlk126921845]Background: The STarT MSK screening tool aims to categorize musculoskeletal patients into three risk groups for treatment stratification. The tool has been translated and validated into Hebrew. However, its ability to predict persisting disability in patients has yet to be evaluated.
[bookmark: _Hlk125902070][bookmark: _Hlk126922255]Objective: The primary aim of this study is to assess the ability of the Hebrew version of the STarT MSK tool to predict persisting disability in patients experiencing musculoskeletal pain.
Methods: A prospective observational cohort study was conducted, recruiting 135 patients with musculoskeletal pain in five common areas: back, neck, shoulder, knee, or multisite pain over the age of 21. At the first consultation, all patients completed demographic information, the FOTO questionnaire (function, pain, and fear avoidance score), and the STarT MSK questionnaire. The patients completed the FOTO questionnaire again at the end of physiotherapy treatments.
[bookmark: _Hlk129195844]Results: 25 patients (18.5%) were classified into the low-risk group, 68 patients (50.3%) into the medium-risk group, and 42 (31.1%) into the high-risk group. The baseline STarT MSK tool score demonstrated an excellent ability to identify patients at high risk of developing persisting disability (AUC= 0.795, 95% CI 0.716-0.873). 
[bookmark: _Hlk127289428]Conclusions: The Hebrew version of the STarT MSK tool can differentiate between three chronic risk groups and has high predictive validity for chronicity. This may provide a tool to assist clinicians in identifying patients who require more intensive care and, thus, potentially prevent the transition to chronic disabling pain.
Keywords: Musculoskeletal pain; Keele STarT MSK screening tool; Persisting Disability; Predicting. 

1. Introduction
[bookmark: _Hlk131239378]Musculoskeletal pain is a major cause of long-term disability, and its incidence has risen by 30.7% between 1990 and 2019,(Vos et al., 2020)making it a growing concern. It accounts for one-fifth of all medical referrals.(Williams et al., 2018) The increase in musculoskeletal pain is mainly attributed to the aging population, with pain increasing as people get older due to age-related changes in the musculoskeletal system.(Blyth, Briggs, Schneider, Hoy, & March, 2019) This not only causes direct disability but also indirectly increases the risk of morbidity, highlighting the importance of early and effective management of musculoskeletal pain to prevent its impact on individuals and society.
A possible hypothesis is that screening and classifying patients with musculoskeletal pain can help professionals to tailor treatment to each patient's specific needs, resulting in improved patient outcomes and cost savings. Additionally, a more targeted approach to treatment may reduce the risk of unnecessary procedures or treatments that could cause further harm or discomfort to the patient. Overall, screening and classification tools can optimize the care of patients with musculoskeletal pain.(Hill et al., 2020) 
[bookmark: _Hlk131240118][bookmark: _Hlk126140246]In a systematic review by Gross et al. (2016), several measurement tools and therapeutic models were examined for their impact on the decision-making process of treating musculoskeletal pain.(Gross et al., 2016) The STarT Back tool has been exsepted in guidelines for clinical decision making aimed at better patient outcomes.(Gross et al., 2016),(Ben Ami et al., 2020) As a result, the STarT MSK Tool was developed for all common musculoskeletal pain (back, neck, shoulder, hip, knee, and multisite pain).(Babatunde et al., 2017),(Campbell et al., 2016) The STarT MSK Tool can offer practitioners an opportunity to engage in discussions and provide reassurance to patients with conditions that may lack clear organic explanations, similar to the case with back pain. This can help foster a sense of understanding and comfort for patients, while also enabling practitioners to address potential concerns and offer appropriate treatment options.(Ben Ami & Pincus, 2022) 
[bookmark: _Hlk125901528]The STarT MSK Tool divides musculoskeletal patients into three prognostic groups for risk-stratified care (low, medium, and high).(Campbell et al., 2016) This tool demonstrated a high predictive ability in distinguishing between patients with low and high disabilities at 6 month follow-up (AUC 0.8).(Dunn et al., 2021) The STarT MSK Tool's Hebrew version has undergone rigorous testing and has been determined to be reliable (ICC 0.92) and valid (0.62).(Ben Ami, Hill, & Pincus, 2022) However, its ability to predict persisting disability in patients receiving physical therapy treatments has yet to be evaluated. 
The primary objective of this study is to assess the ability of the Hebrew version of the STarT MSK tool to predict persisting disability at discharge (approximately after two months) in patients experiencing musculoskeletal pain. 

[bookmark: _Hlk68168435]2. Methods
2.1 Design
[bookmark: _Hlk126140347]A cohort study including an initial physiotherapy assessment and approximately two months follow-up (end of the entire series of physiotherapy treatments, mean appointments 6-8) was conducted. Patients were recruited from two primary care physiotherapy clinics at "Maccabi Health Services", between November 2021 and May 2022.  
2.2 Participants
[bookmark: _Hlk126144509]Patients presenting with musculoskeletal pain in five common areas (including low back, neck, shoulder, knee, or multisite pain) were invited to participate at  their initial assessment with a physiotherapist. Patients were asked to fill out the STarT MSK Tool in the initial assessment and received usual care from their physiotherapist.
[bookmark: _Hlk126142575][bookmark: _Hlk126143317]The inclusion criteria were: patients aged 21 years or older, consulting a physiotherapist for musculoskeletal pain (i.e., neck, back, shoulder, knee, or multisite pain), it was the first consultation for the current episode of musculoskeletal pain, and they were able to read and write in Hebrew. The exclusion criteria were: those with a known or suspected tumor, an acute inflammatory condition, recent musculoskeletal-related surgery (last six months), or trauma (last three months). The participants had to provide written consent. The study was approved by the Maccabi Healthcare Services IRB (Approval number 0083-21-MHS). 
2.3 Research procedure
The participating physiotherapists (n=10) received information about the study procedure during a staff meeting. Potential patients were asked by their treating physiotherapist for permission to participate in the study. Patients who were willing to participate received an information letter from the physiotherapist. After patients give their consent, they sign an informed consent form. Then Patients were asked to fill out the STarT MSK Tool before starting the consultation with the physiotherapist.
In Maccabi, all patients routinely filled out Focus On Therapeutic Outcomes (FOTO),(Hart, Deutscher, Werneke, Holder, & Wang, 2010) 
[bookmark: _Hlk126145463]Including self-reported function scores, pain, and fear avoidance belief ratings. This measurement is performed during patients’ admission and discharge. 

2.4 Measurements
[bookmark: _Hlk126146116]2.4.1 The STarT MSK Tool
The STarT MSK tool contains ten items assessing physical and psychological risk factors in MSK patients with back, neck, shoulder, knee, and multisite pain.(Hill et al., 2020),(Campbell et al., 2016) 
The response to each item is a binary yes or no, except for the question on the severity of pain, which is scored on an 11-point scale in which 0 = no pain, and 10 = the worse pain. The score (range 0–12), categorizes the patient's risk level for having persistent pain and disability in 6 months: low risk = 0–4, medium risk = 5–8, and high risk = 9–12.(Campbell et al., 2016)
2.4.2 Focus on Patient Inquiry Software for Therapeutic Outcomes (FOTO)
[bookmark: _Hlk126145992][bookmark: _Hlk126146469][bookmark: _Hlk126927386][bookmark: _Hlk129196069]FOTO included self-reported outcomes on function, pain, and fear-avoidance belief. Measurements were performed during patients’ admission and discharge using a customized version of Focus on Patient Inquiry Software for Therapeutic Outcomes (FOTO), Inc., Knoxville, TN, USA.(Hart & Wright, 2002),(Hart et al., 2010) FOTO provides risk-adjusted and predictive functional scores using the Lumbar Computer Adaptive Test (LCAT).(Wang et al., 2015),(Wang, Hart, Werneke, Stratford, & Mioduski, 2010),(Wang, Hart, Stratford, & Mioduski, 2009a),(Wang, Hart, Cook, & Mioduski, 2010),(Wang, Hart, Stratford, & Mioduski, 2009b),(Wang, Hart, Stratford, & Mioduski, 2009c),(Deutscher et al., 2019) FOTO is routinely used in all clinics in the MHS’s physical therapy department. LCAT scores range on a 0–100 linear scale, with a higher score representing a higher function. (Hart, Stratford, Werneke, Deutscher, & Wang, 2012) The total of the Function score of the FOTO is dichotomized  with a cut point of 50. Scores below 50 are defined as functionally impaired. The minimal clinical important difference (MCID) for the LCAT is 3–9 points, depending on the score obtained at admission. LCAT was found to be valid and accurate when compared with the Oswestry Low Back Pain Disability Questionnaire, and the English version showed high-level reliability (α = 0.92).(Hart, Mioduski, Werneke, & Stratford, 2006),(Hart et al., 2012) 
Pain intensity during the last 24 hours was rated using a Numeric Pain Rating Scale (NPRS)  from 0–10 (where 10 = the severest pain). This tool known to have good reliability and validity and has an Minimal clinically important differences (MCID) is 2 points.(Childs, Piva, & Fritz, 2005) 
Fear-avoidance was measured using a modified version of the Fear-Avoidance Belief
Questionnaire (FABQ).(Hart et al., 2009),(Waddell, Newton, Henderson, Somerville, & Main, 1993) The modified FABQ version consists of three items, with
scoring ranging from 0 to 100 and higher scores indicating higher fear-avoidance beliefs.
Additionally, scores below 44 are labeled as low fear-avoidance beliefs and scores 44 and
above are labeled as high fear-avoidance beliefs.(Waddell et al., 1993) 
[bookmark: _Hlk126146935]
2.5 Sample size 
The sample size was calculated in the G * Power 3.1.9.4 program using a z-test to describe the correlation between the score of the STarT MSK Tool and the final functional score of the FOTO questionnaire. Assuming a medium effect size of 0.5, α = 0.05, and β = 0.95, the recommended total sample size was 131 participants. 

2.6 Statistical Analysis 
Statistical analysis was performed using IBM SPSS Statistics version 25.0 (Armork, New York, USA). Descriptive statistics were described using frequencies and means with standard deviations. The difference between risk groups was measured by a two-way repeated measure analysis of variance (ANOVA) to verify change from baseline to 2-month clinical outcomes. We considered the factors: time (baseline and post two months) and risk category (low, medium and high), according to the baseline risk category.
To evaluate predictive ability, we assessed the ability of the Hebrew STarT MSK tool to predict persisting disability at patient discharge (after approximately two months). Persisting disability was defined as a low level of functioning (FOTO <50).
For the ability to predict patients with poor disability outcomes, we used the receiver operating characteristic curve (ROC curve). This was performed by calculating the ROC curve for the tool’s overall scores against a reference standard cut point for poor disability after two months (FOTO<50). The ROC Curve values are interpreted as follows: not acceptable < 0.5, acceptable 0.7–0.8, excellent 0.8–0.9, an outstanding 0.9–1.00.(Mandrekar, 2010)

3. Results
3.1 Participants
[bookmark: _Hlk129423486][bookmark: _Hlk126155512]Ten physiotherapists from 2 primary care physiotherapy clinics in MHS’s participated in the study and recruited patients. A total of 135 patients were recruited and included in the analysis. The characteristics of the participants who completed the questionnaires at admission and discharge are described in Table 1, separated into the three risk levels.
[bookmark: _Hlk129423694][bookmark: _Hlk126927459][bookmark: _Hlk126930852]25 patients (18.5%) were classified into the low-risk group, 68 patients (50.3%) into the medium-risk group, and 42 (31.1%) into the high-risk group. 
The ANOVA analysis demonstrated that the average FOTO and NPRS scores at admission and discharge were significantly different between the risk groups (P<.01). A significant difference between the groups was also found in the duration of symptoms (P<.05). Of these, 18.5% scored below 50 on the FOTO at discharge.

[bookmark: _Hlk132968161]Table 1 around hear

[bookmark: _Hlk132968247]Table 2 around hear

3.2 Ability to predict persistence disability after two months
The ROC analysis, shown in graph A., demonstrated a good ability to distinguish at the beginning of treatments who will be the patients with a high risk of developing a persistent disability after two months (AUC= 0.795, 95% CI 0.716-0.873). 

Graph A around hear

4. Discussion
The results of this study suggest that the Hebrew version of the STarT MSK Tool can predict the risk of developing persistent disability in patients with musculoskeletal pain. Despite a higher proportion of high-risk patients group (31.1%) compared to some previous studies,(Karstens, Zebisch, Wey, Hilfiker, & Hill, 2022),(van den Broek, Kloek, Pisters, & Veenhof, 2021) the predictive ability of the questionnaire (AUC=0.795) was similar to those reported in UK and German.(Dunn et al., 2021),(Karstens et al., 2022) Additionally, the study indicates that people in the high risk category are characterized by higher duration of pain, being more likely to take sick leave, and be unemployed.
Our study recorded a higher proportion of high-risk individuals (31.1%) compared to Dutch and German studies (2.8% and 7.7%, respectively).(Karstens et al., 2022),(van den Broek et al., 2021)  However, it was more similar to the original UK study, which recorded a high-risk group of 33.4%.(Dunn et al., 2021) 
The accuracy of predicting patients at high risk of chronic functional limitation, as measured by the Area Under the Curve (AUC), was found to be comparable after two months in Hebrew (0.795) to German (0.77 after 6 months) and UK (0.81 after two months) studies.(Dunn et al., 2021),(Karstens et al., 2022) 
In our study, patients were provided with customary care from their physiotherapist, as it best simulates how the Tool would be implemented in physiotherapy practice. By using this methodology, we were able to closely examine how the Tool could be integrated into the existing treatment regimen, while ensuring patients continued to receive proper care.
It is yet to be established that the treatment packages determined by the questionnaire developers lead to better outcomes than other treatments.(Hill et al., 2022) Further investigation is required to determine the most effective treatment approach for each group and to assess if a personalized treatment leads to improved results.

5. Conclusion
The STarT MSK tool in its Hebrew version was found to differentiate between three chronic risk groups (low, medium, and high) and have high predictive ability for chronicity. These findings indicate that there may be a potential benefit for practitioners in identifying people with heightened risk to transition to chronicity. However, research is yet needed to establish how to address this risk.
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Table 1. Demographic variables, lifestyle and pain areas of the sample, and classification of risk groups 
	P
	High risk
42N= 
	Medium risk
N=68
	Low risk
N=25
	Total patients N=135
	Variable

	0.12
	53.2(1.9)
	49.3(1.7)
	46.1(3.1)
	50(14.3)
	Age

	0.24
	27(64.3%)
	36(52.9%)
	11(44%)
	74(54.8%)
	Gender female n (%)

	0.07
	29(0.7)
	26.9(0.5)
	27.4(0.9)
	27.6(4.7)
	BMI*

	0.02
	13.9(1.3)
	11.4(0.9)
	8.4(1.3)
	11.6(8)
	Symptoms duration(weeks)

	0.22
	10(23.8%)
	20(29.4%)
	3(12%)
	33(24.4%)
	Smoker   n (%)

	0.04
	Work status n (%) 

	
	16(38.1%)
	48(70.6%)
	17(68%)
	81(60%)
	Employed

	
	10(23.8%)
	5(7.4%)
	1(4%)
	16(11.9%)
	Unemployed

	
	9(21.4%)
	7(10.3%)
	3(12%)
	19(14.1%)
	Sick leave

	
	5(11.9%)
	7(10.3%)
	3(12%)
	15(11.1%)
	Retired

	
	2(4.8%)
	1(1.5%)
	1(4%)
	4(3%)
	Other

	0.07
	Pain area n (%) 

	
	12(28.6%)
	21(30.9%)
	5(20%)
	38(28.1%)
	Back

	
	3(7.1%)
	6(8.8%)
	3(12%)
	12(8.9%)
	Neck

	
	4(9.5%)
	11(16.2%)
	8(32%)
	23(17%)
	Shoulder

	
	4(9.5%)
	6(8.8%)
	6(24%)
	16(11.9%)
	Knee

	
	3(7.1%)
	3(4.4%)
	2(8%)
	8(5.9%)
	Hip

	
	16(38.1%)
	21(30.9%)
	1(4%)
	38(28.1%)
	Multisite pain

	0.00
	35.2±1.6
	46.7±1.1
	57.2±2.9
	45.1±13.1
	FOTO* (baseline)

	0.00
	48.4±2
	61.5±1.5
	68.2±2.1
	58.6±14.4
	FOTO (end)

	0.00
	7.8±0.2
	6.5±0.2
	4.3±0.2
	6.5±2
	NPRS* (baseline)

	0.00
	6.8±0.3
	4.4±0.2
	2.5±0.3
	4.8±2.6
	NPRS (end)

	0.33
	47.6±3.8
	51.7±2.5
	44.4±4
	49.1±22.2
	FABQ* (baseline)

	0.38
	38.6±3.2
	43±2.7
	36.8±3.6
	40.5±21.5
	FABQ (end)



*Values ​​represent mean and standard deviation unless otherwise stated. *BMI=body mass index, *FOTO- functional score, *FABQ= Fear Avoidance Beliefs Questionnaire -a shortened version of 1-3 questions.








Table 2. Description of variations in outcome results among risk groups before and after treatment sessions
	High risk
N=42
	Medium risk
N=68
	Low risk
N=25
	Total patients
N=135
	Variable

	2 months
	baseline
	2 months
	baseline
	2 months

	baseline
	2 months
	baseline
	

	48.4±2
	35.2±1.6
	61.5±1.5
	46.7±1.1
	68.2±2.1
	57.2±2.9
	58.6±14.4
	45.1±13.1
	FOTO (0-100)

	6.8±0.3
	7.8±0.2
	4.4±0.2
	6.5±0.2
	2.5±0.3
	4.3±0.2
	4.8±2.6
	6.5±2
	NPRS (0-10)

	38.6±3.2
	47.6±3.8
	43±2.7
	51.7±2.5
	36.8±3.6
	44.4±4
	40.5±21.5
	49.1±22.2
	FABQ (19-98)




*Values ​​represent mean and standard deviation unless otherwise stated. FOTO (Focus On Therapeutic Outcomes) - functional score, FABQ = Fear Avoidance Beliefs Questionnaire – a shortened version of 1-3 questions. 


[bookmark: _Hlk132968257]Graph A. ROC curve, predictive abilities for persistent MSK pain
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