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Abstract:  

Background:  Neurogenic claudication (NC) is a debilitating spinal condition affecting older 

adults’ mobility and quality of life.  

Methods: A randomised controlled trial of 438 participants evaluated the effectiveness of a 

physical and psychological group intervention (BOOST programme) compared to 

physiotherapy assessment and tailored advice (best practice advice [BPA]) for older adults 

with NC.  Participants were identified from spinal clinics (community and secondary care) 

and general practice records and randomised 2:1 to the BOOST programme or BPA. The 

primary outcome was the Oswestry Disability Index (ODI) at 12 months. Data was also 

collected at 6 months. Other outcomes included ODI walking item, 6-minute walk test 

(6MWT) and falls. The primary analysis was intention-to-treat. 

Results: The average age of participants was 74.9 years (SD 6.0) and 57% (246/435) were 

female. There was no significant difference in ODI scores between treatment groups at 12 

months (adjusted mean difference (MD): -1.4 [95% Confidence Intervals (CI) -4.03, 1.17]), 

but, at 6 months, ODI scores favoured the BOOST programme (adjusted MD: -3.7 [95% CI -

6.27, -1.06]). At 12 months, the BOOST programme resulted in greater improvements in 

walking capacity (6MWT MD 21.7m [95% CI 5.96, 37.38]) and ODI walking item (MD -0.2 

[95% CI -0.45, -0.01]) and reduced falls risk (odds ratio 0.6 [95% CI 0.40, 0.98]) compared 

to BPA. No serious adverse events were related to either treatment. 

Conclusions: The BOOST programme substantially improved mobility for older adults with 

NC. Future iterations of the programme will consider ways to improve long-term pain related 

disability.  

Clinical Trials Registration: ISRCTN12698674 
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Introduction  

Neurogenic claudication (NC) is a common, debilitating spinal condition affecting older 

adults (1). It presents as pain, discomfort or other symptoms radiating from the spine into the 

buttocks and legs (2). Back pain is often present.  Approximately 11% of community 

dwelling older adults report symptoms consistent with NC (3, 4). Symptoms are thought to 

arise from pressure on nerves and blood vessels in the spinal canal caused by degenerative 

narrowing of the spinal canal. The impact of narrowing is exacerbated by spinal position 

especially extension and symptoms are provoked by walking or standing and relieved by 

sitting or lumbar flexion (2). Narrowing may or may not be evident on imaging (1), and if  

present, the condition is termed Lumbar Spinal Stenosis.  NC substantially affects an 

individual’s confidence and ability to walk and is associated with adverse health outcomes 

and reduced quality of life (3, 5).  

 

Despite the recognised severity of neurogenic claudication and LSS, there are insufficient 

numbers of high quality randomised controlled trials to inform clinical guidelines about the 

benefits of conservative interventions. In the absence of research evidence, two recent 

guidelines concluded that exercise/ physical therapy might be considered despite the effects 

on neurogenic pain not being known(6, 7). This lack of data extends to adverse outcomes of 

falls and muscle weakness. Behavioural interventions, including cognitive behavioural 

therapy have proven effective in managing non-specific low back pain and promoting 

physical activity (8), but have not been investigated in NC. Hence, the aim of the Better 

Outcomes for Older People with Spinal Trouble (BOOST) Trial was to estimate the clinical 

effectiveness of a physiotherapist delivered physical and psychological intervention for older 

adults with neurogenic claudication compared to best practice advice. 
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Method 

Design 

This study was a pragmatic, multicentre,  randomised controlled superiority trial (RCT). The 

protocol, pre-specified statistical analysis plan and detailed description of the interventions 

are published elsewhere (9-11). 

Participants 

Community-dwelling adults, aged 65 years and over, who reported symptoms consistent with 

NC were eligible. Symptoms included a report of back pain and/or pain or other symptoms 

such as tingling, numbness or heaviness that travelled from their back into their buttocks or 

legs in the last 6 weeks. Standing or walking made symptoms in the buttocks or legs worse 

and/or sitting or bending forward relieved these symptoms. Exclusion criteria included 

nursing home residents, inability to walk 3 meters independently, awaiting surgery, cauda 

equina syndrome or signs of serious pathology, cognitive impairment and registered blind or 

unable to follow instructions in a group setting.  

Potential participants were identified through community-based physiotherapy clinics and 

secondary care spinal clinics in 15 National Health Service (NHS) Trusts in England. 

Participants were also identified through a survey of general practices (The Oxford Pain, 

Activity and Lifestyle Survey [OPAL] cohort study)(12).   

Once identified, potential participants were telephoned by a trained researcher 

(physiotherapist or nurse) for initial screening. If eligible and willing, potential participants 

attended an appointment to undergo an eligibility assessment conducted by the researcher. 

This included checking symptoms were consistent with NC and screening for cognitive 

impairment (defined as Abbreviated Mental Test score of 6 or less)(13) and serious 
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pathology. All participants provided written informed consent prior to enrolment in the trial. 

Baseline data was then collected.   

Randomisation and masking  

We used a secure web-based service provided by the Oxford Clinical Trials Research Unit. 

Randomisation was stratified by recruitment centre, age (65-74 years and 75 years+), and 

gender, using variable, randomly selected block sizes of 3 and 6. Participants were 

randomised in a 2:1 ratio (intervention:control) to ensure that we could fill BOOST groups 

without participants experiencing long waiting times.  

It was not possible to mask participants, physiotherapists delivering interventions or 

researchers assessing intervention fidelity. Participants were informed of their allocation at 

the first treatment session with the treating physiotherapist. Outcome assessors were masked 

to treatment allocation. During the conduct of the trial, the statistician had access to 

unmasked baseline summary data where required by the Data Monitoring Committee. The 

rest of the trial management team, including staff involved in data management, were masked 

to treatment allocation. Data cleaning and preparation of analysis code were undertaken by a 

masked statistician, and only once the data were formally locked, was the final analysis code 

run and allocation revealed. 

The BOOST programme 

The experimental intervention was a combined physical and psychological group programme 

(BOOST programme) delivered by a physiotherapist in twelve 90-minute group sessions over 

12-weeks (11). Participants were asked to undertake a home exercise programme twice 

weekly during and beyond the formal programme.  

First, each participant had an individual physiotherapy assessment. This included assessment 

of presenting NC symptoms, general health status and current activity levels including 
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walking ability and screening for serious pathology. Physiotherapists assessed the 

participants’ ability to undertake the exercises to be completed during the group sessions and 

set the starting point for the exercises (sets, repetitions and load) and walking programme. 

This allowed individual tailoring. Four exercises targeted muscle strength (sitting knee 

extension, sit to stand, standing hip abduction and standing hip extension). We used the Borg 

Rating Scale of Perceived Exertion for strength training to guide exercise prescription with 

the aim of achieving  an adequate stimulus to promote strength gains. Participants were 

encouraged them to work at level 5-6/10 on this scale (the exercise feels hard) (14). Exercises 

also targeted balance, and flexibility (hip flexor and calf stretch) whilst the walking circuit 

aimed to increase walking self-efficacy, dynamic balance and mobility.   

Participants attended the supervised sessions twice a week for sessions 1-6, weekly for 

sessions 7-9 and fortnightly for sessions 10-12.  The twice-weekly home exercises were 

introduced during session 5 enabling participants to undertake the exercises with support 

before continuing independently. One and two months after completing the supervised 

sessions, physiotherapists conducted telephone reviews to promote adherence with the home 

exercises. The telephone calls followed a checklist and identified barriers to independent 

exercises, facilitated problem solving and allowed the physiotherapist to provide additional 

tailoring of the programme as necessary.  

 

Each group session followed the same format.  The first 30 minutes was education and 

discussion based on a cognitive behavioural approach (CBA) to encourage adherence with 

the programme. This was followed by the exercise element which took approximately one 

hour.  There was a short warm-up of seated exercises (arm raises, trunk rotation, pelvic tilting 

and knee lifts). Then participants completed their individually tailored strength, balance and 

flexibility exercises which were progressed over the 12 weeks. The strengthening exercises 
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were progressed by increasing the number of sets and repetitions, adding/increasing load or 

adding speed. These exercises were also the home exercises. Participants then undertook a 

20-minute supervised walking circuit which was progressed by increasing the distance/time 

walked, increasing walking speed and adding challenges such as obstacles (stairs or walking 

outside) or adding weights. Participants were guided to gradually increase their walking 

distance during their home exercise programme.  

 

The control intervention 

The control intervention was best practice advice (BPA) delivered during individual 

physiotherapy appointments. The first appointment (60 minutes) included an assessment to 

tailor the advice and education provided. The assessment covered presenting NC symptoms, 

general health status and current activity levels, screening for serious pathology, spinal range 

of movement and walking ability. Verbal and written advice and education were provided 

including education about NC, being physically active, use of medications, when to seek 

more advice and, prescription of up to four home exercises. Flexion and trunk stabilisation 

were recommended but other exercises were allowed based on the assessment. If indicated, a 

walking aid was prescribed. Ideally, the control intervention was delivered in one session. If 

the physiotherapist felt it was necessary, then up to two review appointments were permitted 

(30 minutes each) to re-enforce advice and review exercises or walking aids. Physiotherapists 

could not provide treatments such as manual therapy, acupuncture or supervised exercise 

sessions.  

All physiotherapists attended training in intervention delivery and trial procedures. 

Physiotherapists completed 2-3 hours of online training prior to attending a BOOST 

programme training day (7 hours). BPA training was delivered in 2-3 hours on a separate 

day. Physiotherapists completed a treatment log for each participant. The research team 
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observed the intervention sessions to monitor intervention delivery. A structured checklist 

was used to assess the delivery of the core elements of interventions (Supplementary Table 

S1) which was scored as not completed, partially completed or fully completed. Initial 

observations were used to provide feedback and support physiotherapists to deliver the 

interventions.  Later in the trial, these visits were fidelity assessments to understand how the 

intervention would be implemented in a real-world clinical setting with no feedback to the 

physiotherapists. 

Data collection  

Participants completed a questionnaire and a masked researcher conducted physical testing at 

baseline and 6 and 12 months after randomisation. If participants did not attend the follow up 

appointment, then the physical tests were not completed and participants were sent a postal 

questionnaire. If the questionnaire was not returned after two reminders, then the study team 

collected core outcomes over the telephone, where possible.  

Baseline variables 

Descriptive baseline data included demographic data, weight and height, self-reported  

comorbidities (based on (15), with multimorbidity defined as two or more health conditions 

(16)), other pain problems measured using the Nordic pain questionnaire (17), use of walking 

aids inside, self-rated walking speed (18) and change in mobility in the last year.  

The STarT Back Screening Questionnaire
 
was completed and participants categorised 

according to their risk (low, medium or high) of developing persistent, disabling symptoms 

(19).  Baseline psychological factors included confidence to exercise (Exercise Self-efficacy 

Scale (short version)(20), confidence to manage their leg and back symptoms, intentions to 

carry out home exercises, walking self-efficacy (21) and fear-avoidance (Fear Avoidance 
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Beliefs Questionnaire)(22). The Attitude to Ageing Questionnaire (physical changes 

subscale) was completed (23).   

Outcome measures  

Primary outcome 

The primary outcome was the Oswestry Disability Index (ODI v2.1a, https://mapi-

trust.org/questionnaires/odi/) at 12 months after randomisation. This participant reported 

measure of pain related disability is scored 0-100 with a higher score indicating greater 

disability.  

Secondary outcomes  

Participants underwent physical testing including the six minute walk test (6MWT), Short 

Physical Performance Battery (SPPB, range 0-12, higher score indicates better physical 

performance)(24) and a measure of hand grip strength (25). 

 

Patient reported walking disability was measured using the ODI walking item (range 0-5, 

higher score indicating greater disability). Physical activity was measured using two items 

from the Rapid Assessment Disuse Index (time moving on feet, time spent sitting; range 1-5, 

lower score indicates greater duration moving/sitting) (26). 

 

Participant reported falls and related injuries were collected by recall over a 6 month period 

using methods recommended by the Prevention of Falls Network Europe (ProFANE) (27). 

Frailty was measured using the Tilburg Frailty Indicator (TFI) (range 0-15, higher score 

indicates greater frailty, physical subscale: range 0-8; psychological subscale: range 0-4) 

(28).   

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glac063/6547887 by Keele U
niversity user on 29 M

arch 2022



Acc
ep

ted
 M

an
us

cri
pt

12 
 

Participant reported outcomes relating to symptoms were measured using the Swiss Spinal 

Stenosis Questionnaire symptom-severity scale (range 1-5, higher score indicates greater 

symptom severity) (29), pain troublesomeness scale (range 0-5, higher score indicates greater 

troublesomeness) (30) and global rating of change (range 0-6, lower score indicates 

improvement) (31). Satisfaction with changes in back and leg pain and satisfaction with 

treatment was measured using a 5-point scale constructed for the trial (range 0-4, higher score 

indicates greater satisfaction).  

We collected adherence to home exercises via self-reported exercise frequency at follow-up, 

and adverse events related to the interventions (see supplementary materials for more 

information). 

Sample size 

At 80% power and 5% two-sided significance levels, a sample size of 321 participants (214 

in the intervention group and 107 in the BPA group) was required. With an inflation for 

potential loss to follow-up (20%) this led to an overall target of 402 (268 intervention, 134 

control). The sample size assumed a between-group difference of 5 points in the ODI to be 

clinically significant, with a baseline standard deviation (SD) of 15 (32).  

Statistical analysis  

The primary outcome of ODI at 12 months follow up was analysed in an intention-to-treat 

(ITT) population and effect estimates with their 95% confidence intervals (CI) were reported 

at a 0.05 significance level. The ODI difference between the two treatment groups was 

estimated using a repeated measures linear mixed-effects regression multilevel model with 

fixed effects for participant age, gender and baseline ODI, and random effects for recruiting 

centre and observations within-participant (6 and 12 months). To allow the treatment effect 

estimation at each follow-up time point, a treatment-by-time point interaction was also 
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included in the model, with time point treated as categorial. Missing items within scales were 

dealt with based on published instrument recommendations. All participants with baseline 

and at least one follow-up outcome value were included in the likelihood-based estimation of 

the mixed effects model in the analysis, under the missing at random assumption.  

 

A model additionally accounting for potential heterogeneity due to the treating 

physiotherapist was assessed in a sensitivity analysis. As multiple physiotherapists delivered 

some BOOST groups, the physiotherapist delivering the highest number of sessions was 

selected for the model. Similarly, we assessed if there was a group effect by including the 

BOOST group attended by each participant in a separate model.  The robustness of the 

primary analysis for the primary outcome among participants compliant with treatment was 

conducted using a complier average causal effect (CACE) analysis (33). Compliance with the 

BOOST programme was defined as attending at least 9 out of the 12 sessions (75%).  

Secondary outcomes were analysed in the ITT population, using similar model specifications 

for linear, logistic or ordinal logistic mixed effects regression models as appropriate and 

adjusting for the relevant baseline covariate where applicable. Analyses of secondary 

outcomes were considered supportive of the primary outcome analysis. All analyses were 

carried out using STATA version 15.1 (StataCorp, College Station, TX, USA).  

Ethical approval  

Ethics approval for the BOOST trial was given by the London-Brent National Research 

Ethics Committee (REC number 16/LO/0349), on 03 March 2016.  

Results 

Participant flow is shown in Figure 1. Participants were recruited between 01 August 2016 

and 29 August 2018 at 15 trial sites. Clinical staff identified 732 potential participants to 
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undergo screening by researchers. From the OPAL cohort, we identified 152 potential 

participants. After screening, a total of 438 participants were eligible and willing to 

participate, provided informed consent and were randomised. Three participants withdrew 

after randomisation and removed consent data use (all allocated to BOOST programme, two 

withdrew before their first physiotherapy appointment, one withdrew after their first 

appointment). Therefore, 435 participants (BPA n=143, BOOST programme n=292) were 

included in the trial.  

The primary outcome was obtained for 88.0% (383/435) and 87.4% (380/435) of participants 

at 6 months and 12 months respectively with 93.0% (403/435) contributing data to the 

primary analysis. During the follow up period, 6.2% (27/435) withdrew. The most common 

reason for withdrawal was health issues unrelated to their NC or the trial. There was no 

evidence of a differential loss to follow-up between the two groups. All reported deaths were 

found to be unrelated to the intervention.  

Baseline characteristics 

Participants had a mean age of 74.9 years (SD 6.0) and were predominantly white (91.9% 

(400/435)). The randomised groups were well matched on baseline characteristics (Table 1 

and Table 2).  In the BPA group, a larger proportion of participants were classified as frail 

(55.9% vs 44.5%) according to the Tilburg Frailty Index but other markers of frailty (6MWT, 

SPPB and hand grip strength) were similar. Eighty-one percent (351/435) had 

multimorbidity. The most commonly reported conditions were arthritis (272/435; 62.5%), 

high blood pressure (252/435; 57.9%), angina/heart problems (104/435; 23.9%), digestive 

problems (87/435; 20.0%) and diabetes (73/435; 16.8%). 
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Intervention delivery  

Sixty-nine physiotherapists delivered the interventions. Thirty physiotherapists delivered 

BPA, 34 physiotherapists delivered the BOOST programme and 5 physiotherapists delivered 

both.  In total, 24/143 (16.8%) participants allocated to BPA were treated by physiotherapists 

who were also trained in the BOOST intervention.  

Of the 143 participants allocated to BPA, 140 (98%) received the intervention. The mean 

time from randomisation to the first BPA appointment was 34.7 (SD 20.8) days. Most 

commonly, participants attended two BPA appointments (41.3% (59/143)). The reasons that 

three participants did not attend any appointments were health problems, family concerns and 

a decision to have spinal surgery. 

Of the 292 participants allocated to the BOOST programme, 279 (96.0%) attended the 

individual physiotherapy assessment (mean time from randomisation to appointment: 31.2 

(SD 27.3) days). Thirteen participants (4.5%) did not attend this assessment. Reasons for 

non-attendance included sickness, lack of time, travel distance, work commitments, group 

allocation and considering surgery. After the individual assessment, participants joined the 

next available group (mean time from randomisation to the first group session: 58.7 (SD 

38.51) days).  In total, 203/292 (69.5%) attended at least 9 of the 12 sessions indicating 

compliance. Having attended the individual assessment, 13 participants (4.5%) subsequently 

did not attend any group sessions. The most common reasons for group non-attendance were 

holidays or sickness.   

We conducted 123 observations of treatment sessions including 48 fidelity assessments. 

Interventions were delivered to a high standard. Eighteen fidelity assessments were 

undertaken of BPA sessions and 97.2% of check list items were fully achieved. Thirty fidelity 

assessments of the BOOST programme group sessions were conducted with 97.4% of check 
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list items fully achieved. Monitoring of treatment logs showed that exercises were progressed 

regularly across the key parameters including increased repetitions and load, and addition of 

speed to the strengthening exercises. During the walking circuit, increasingly difficult 

elements were added to challenge balance such as increased speed, carrying weights and 

negotiating obstacles.  

Primary outcome  

Participants randomised to BPA showed a small increase in ODI scores at 6 months with very 

little subsequent change at 12 months. BOOST programme participants showed a reduction 

in ODI scores at 6 months which increased again at 12 months but remained lower than 

baseline scores. At the 12-month primary end point, there was no statistically significant 

difference in ODI scores between the two treatment groups (adjusted mean difference -1.4, 

95% CI -4.03 to 1.17). There was a statistically significant difference in ODI in favour of the 

BOOST Programme group (adjusted mean difference -3.7, 95% CI -6.27 to -1.06) at 6 

months. There was no evidence of a therapist or group effect.  

In the CACE analysis, the difference favouring the BOOST programme was larger, reaching 

the pre-defined clinically significant threshold (5 points on the ODI) when group attendance 

was taken into consideration (-5.0, 95% CI -8.02 to -1.88) at 6 months. At 12 months, this 

difference was reduced (-2.4, 95% CI -6.02 to 1.32). Amongst non-compliers there was a 

greater proportion characterised as frail (50.6% versus 41.9%), having fallen in the previous 

year (43.8% versus 37.4%), and reporting very/extremely troublesome back and leg pain 

(57.3% versus 51.2%) compared to compliers.  

Secondary outcomes (Tables 2 and 3) 

The BOOST programme had a lasting impact on walking capacity (6MWT) (Figure 2) at 6 

and 12 months follow up favouring the BOOST programme. BPA participants showed very 

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glac063/6547887 by Keele U
niversity user on 29 M

arch 2022



Acc
ep

ted
 M

an
us

cri
pt

17 
 

little change across the two follow up time points. A similar response was observed for 

physical performance (SPPB). Changes in grip strength favoured the BOOST programme at 6 

months but there was no between group difference at 12 months.  

The BOOST programme reduced walking disability (ODI walking item) at 6 and 12 months 

compared to BPA. BOOST participants were more likely to spend more time on their feet at 

6 months but not 12 months. There was no impact on time spent sitting. 

BOOST programme participants had a substantially reduced risk of reporting a fall over the 

12-month period. The proportion of participants reporting a fracture following a fall was very 

small but similar between groups. Physical frailty scores favoured the BOOST programme 

(TFI physical subscale) at 6 months with BOOST participants demonstrating less decline than 

the BPA group. There was no difference at 12 months. There was no impact on overall TFI or 

psychological subscale.  

Both groups reported a small reduction in SSS symptoms subscale scores at 6 months and 

these were larger for the BOOST programme. Small reductions were maintained at 12 

months and there was no longer a difference between the groups at 12 months. Similar 

findings were observed for troublesomeness, Global Rating of Change and satisfaction with 

changes in back and leg problems. BOOST programme participants were more likely to be 

satisfied with their treatment at 6 and 12 months compared to the control group.  

Exercise adherence 

Participants were asked how often they performed their home exercises. At 6 months, 

190/257 (73.9%) BOOST programme participants reported performing their exercises at least 

twice per week which reduced to 143/250 (57.2%) at 12 months. At 6 months, 102/125 

(81.6%) BPA participants reported doing their exercises at least twice a week which reduced 

to 89/125 (71.2%) at 12 months.  

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glac063/6547887 by Keele U
niversity user on 29 M

arch 2022



Acc
ep

ted
 M

an
us

cri
pt

18 
 

Adverse events  

One serious adverse event (cardiac symptoms) occurred during a BOOST group session 

which was deemed unrelated to the intervention. There were no serious adverse events 

reported for BPA. There were 12 adverse events reported for the BOOST Programme 

(Supplementary Table S2). Four were assessed as definitely related to the programme 

including aggravation of joint pains (n=2), a fall during the walking circuit (no injuries) and 

skin irritation by an ankle weight. Two adverse events were reported for BPA and neither 

were definitely related to the treatment.  

Discussion  

The BOOST programme improved walking capacity and physical performance and reduced 

walking disability and falls risk compared to a control intervention of BPA for older adults 

with NC at 12 months follow up. There were also improvements in pain related disability at 6 

months favouring the BOOST programme but only a small difference between groups was 

maintained at 12 months which was not statistically significant. Symptom reduction followed 

a similar pattern. There was very little change in the scores of BPA participants for outcomes 

generally over time.  

 

The biggest impact was on mobility. Baseline walking distances were well below published 

values for healthy older people demonstrating the substantial impact that NC has on walking 

ability (34). The mean baseline 6MWT distances for BOOST participants were lower than 

other published baseline values of NC cohorts (for example, (35) baseline 6MWT 315m, 

mean age=67 years) but BOOST participant were older. As people age, we expect a decline 

in walking over time rather than improvement (36), yet, participants attending the BOOST 

programme demonstrated changes in walking capacity with observed improvements within 

the published values for clinically important differences for the 6MWT (37). These 
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improvements were not observed in BPA participants who changed very little. Chronic pain, 

such as that experienced from NC, which is a chronic degenerative condition, is associated 

with falls in older people (38). The BOOST programme reduced falls risk by approximately 

40% over 12 months which is more effective than most community based falls prevention 

programmes (39). These lasting improvements in mobility and reduced falls risk are 

important outcomes for older adults. Active independence is one of the key concerns of older 

people, and maintaining mobility is integral to this (40). Qualitative research demonstrates a 

desire by older people to improve their walking even if they cannot alleviate the pain of NC 

(41).  Despite the value of mobility to older people, its importance as an outcome in clinical 

trials of treatments of NC or spinal stenosis is often overlooked, especially in surgical trials. 

Two recent network meta-analyses of treatments for spinal stenosis evaluated effectiveness 

solely on pain and disability, failing to evaluate the impact on walking (42, 43).  An 

exception to this is a surgical trial currently being conducted which has chosen improvement 

in walking capacity as the co-primary outcome along with the ODI (44).  

 

The short-term reduction in pain related disability among BOOST participants compared to 

BPA suggests that while participants are engaged with the programme it effectively reduces 

pain related disability. The between group difference increased when group attendance is 

taken into account. However, when the intervention stops, the impact on pain related 

disability reduces. Although, participants were still capable of walking further (6MWT 

improvements were maintained), it no longer translates into reduced pain related disability.  

We noted a reduction in independent exercise in the BOOST Group between 6 and 12 months 

follow up which may explain why improvements were not maintained. This finding is not 

unique to the BOOST programme. Devereux-Fitzgerald et al (45)  found supervision by a 

health professional increases the perceived value of physical activity interventions enhancing 
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engagement but this reduces when supervision ceases. Attendance at a group is enjoyable and 

provides increased social connections, but solo activities such as independent exercise are 

often considered boring leading to lack of motivation (45). Self-reported adherence with the 

home exercises was better in the BPA group who were given a less intensive home exercise 

programme (up to four spinal mobility and/or stability exercise). BOOST participants may 

have perceived their home exercise as too onerous, and consideration should be given as to 

whether the unsupervised element of the programme can be optimised to maximise 

adherence.  It may also be that participants experience a flare up of their pain which is 

common in NC. We used a less intensive CBA than a  previous trial  evaluating a CBA (Back 

Skills Training Programme (8)) which effectively reduced back pain related disability long-

term so this element of the BOOST programme could be enhanced to assist participants to 

deal with increases in pain.  

 

Three trials of note were recently published (46-49). Similar to the BOOST trial, all tested 

programmes which included structured and progressive exercises to improve trunk and lower 

limb mobility, strength and fitness. Participants also received manual therapy treatment to 

increase spinal movement. The Ammendolia programme is most similar to the BOOST 

programme including a CBA for pain management and structured walking programme 

delivered over 12 sessions (47). It was compared to self-directed exercise (one session). The 

Ammendolia programme also resulted in lasting improvements in walking compared to the 

control providing further support for implementing these types of programme. The 6-week 

(12 sessions) programme evaluated by Minetama also included walking training which was 

done on a treadmill but did not address any psychological factors (48, 49). It resulted in 

superior outcomes across multiple domains (walking, pain, function) on completion of 

treatment compared to home exercises (48). Some benefits were retained at 12 months follow 
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up in regard to pain and function but unfortunately, they did not measure walking (49). The 

Schneider programme did not have a focused walking element or use a CBA (46). This three-

arm study found no difference in walking between the 6-week experimental arm and control 

arm of medical care, suggesting one or both of these elements are important to achieve 

walking improvements.  

 

Ensuring effective treatments are available to older people with NC is very important as, 

currently, treatment options are limited. There is little evidence supporting the use of 

medication (50). Careful consideration is needed before prescribing medication for older 

people due to potential side effects including falls (50). Surgery is an option with 

symptomatic spinal stenosis being the most common reason for spinal surgery in older adults 

(51). However, the effectiveness of surgery is unclear, and it exposes older people to 

considerable risk including wound infections, dural tears and cardiorespiratory complications 

(52). Surgery  is usually reserved for those who are fitter (and hence younger). Populations in 

surgical trials are considerably younger (42). Our participants had a mean age of 75 years, the 

majority were multimorbid and nearly half were frail. The BOOST programme should be 

considered a worthwhile conservative treatment for older adults especially when they are not 

surgical candidates or face long waiting times for surgery due to the impact of the COVID-19 

pandemic on NHS waiting lists. 

 

We believe our trial to have considerable strengths. It was a pragmatic trial conducted across 

a range of NHS settings. We recruited participants from general practice, community-based 

physiotherapy clinics and spinal clinics in secondary care hospitals lending to the 

generalisability of findings. Based on fidelity assessments, the BOOST programme can be 

delivered to a high standard in different settings. The questions used to identify those with 
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NC are commonly used in clinical practice and been shown to have high sensitivity and 

specificity to identify people with symptoms arising from spinal stenosis (1). This makes it 

easy for clinicians to identify people that would be suitable for the programme without the 

need for MRI. The BOOST programme was well received by participants and despite the 

required commitment, the programme was well attended. However, compliance was lower 

amongst participants who were frail, reported falling and had more troublesome symptoms. 

These individuals may require more support and encouragement to attend the programme.  

 

A limitation of the study is that five physiotherapists trained in delivery of the BOOST 

programme also treated 24/143 participants (16.8%) allocated to BPA due to physiotherapist 

availability. However, the proportion of participants in the control arm exposed to potential 

contamination is well below the 30%  threshold considered a serious threat (53). We carefully 

monitored intervention delivery using treatment logs and observation sessions to ensure the 

standardised protocols were followed. From fidelity assessments, we are confident that the 

risk of contamination between arms was minimised. We took all possible steps to mask the 

trial team, outcome assessors and statisticians. It is possible that during the final analysis 

statisticians could deduce the allocation because of the unequal randomisation, but at that 

stage the database was securely locked, and data could not be tampered with or changed.   

There are some potential limitations related to the interventions. Firstly, we used the Borg 

Rating of Perceived Exertion to prescribe the BOOST programme strengthening exercises. 

This is a pragmatic approach to exercise prescription that can be done easily in a clinical 

setting and is recommended as a suitable approach for prescribing resistance training for 

older adults (54). However, this approach may not be as accurate as using a method based on 

a percentage of one repetition maximum (%1RM) with the risk of under or over-dosing. 

Finally, the participants attending the BOOST programme had more contact time with the 
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treating physiotherapist than those attending BPA. As this was a pragmatic trial, we did not 

account for this in our control intervention and using an attention control, such as that used 

by LaFave et al (55), would have enabled us to disentangle the benefits of attention from the 

impact of the BOOST programme.  

The BOOST programme could be optimised to maintain the impact on pain related disability. 

In particular, strategies for improving long-term exercise adherence should be considered 

including additional support. Additional support could include booster sessions which has 

been shown to increase exercise adherence in populations with back pain and osteoarthritis 

(56). We will also consider enhancing the CB element to improve pain management. We plan 

to undertake further analysis of the BOOST data set to increase our understanding of 

participants’ response to the intervention and to understand the mechanisms of action 

including mediation analyses (57).  

 

In conclusion, the BOOST programme improves mobility and reduces falls for older adults 

with NC compared to BPA at 12 months. With limited treatment options available to older 

people with NC, implementation of the programme should be considered. Future iterations of 

the programme will consider ways to improve long-term pain related disability.  
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Figure 1 Consort diagram 

 

Figure 2 Marginal adjusted mean Six Minute Walk Test Results from baseline to 12 months by 

treatment group 
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Table 1 Baseline characteristics (Mean (standard deviation) or n (%) (unless stated) 

 BPA 

(n = 143) 

BOOST 

programme 

(n = 292) 

Overall 

(n = 435) 

Variables
#
  

Age (years) at baseline 75.0 (5.6) 74.8 (6.2) 74.9 (6.0) 

Female 83 (58.0%) 163 (55.8%) 246 

(56.6%) 

White ethnicity 132 (92.3%) 268 (91.8%) 400 

(91.9%) 

Relationship status:    

Married/Civil Union/Cohabiting  

 

97 (67.8%) 

 

194 (66.40%) 

291 

(66.9%) 

Unmarried/ Separated/Divorced 16 (11.2%) 31 (10.7%) 47 (10.8%) 

Widow/Widower 30 (21.0%) 67 (22.9%) 97 (22.3%) 

Care requirements:                Has an unpaid 

carer 

31 (21.7%) 54 (18.5%) 85 (19.5%) 

Has a paid carer 6 (4.2%) 10 (3.4%) 16 (3.7%) 

Work status:                                              

Retired                                    

125 (87.4%) 263 (90.1%) 388 

(89.2%) 

Working (full or part-time)  10 (6.9%) 24 (8.2%) 34 (7.8%) 

Education:                  None or primary 

education 

4 (2.8%) 18 (6.2%) 22 (5.1%) 

Secondary education 80 (55.9%) 170 (58.2%) 250 

(57.5%) 

Higher professional/university education 59 (41.3%) 104 (35.6%) 163 

(37.5%) 

Smoking status:                                 Never 

smoked  

61 (42.7%) 136 (46.6%) 197 

(45.3%) 

Former smoker 75 (52.4%) 140 (47.9%) 215 

(49.4%) 

Current smoker  7 (4.9%) 16 (5.5%) 23 (5.3%) 

Body Mass Index 30.0 (5.4) 29.9 (4.8) 29.9 (5.0) 

Number of comorbidities reported, median 

(IQR) 

3 (2, 4) 2 (2,4) 2 (2,4) 

Nordic pain questionnaire:           Single-site 

pain 

14 (9.8%) 16 (5.5%) 30 (6.9%) 

                                            Multisite 

pain 

129 (90.2%) 276 (94.5%) 405 

(93.1%) 

STarTBack:                                             Low 

risk 

48 (33.8%) 109 (37.6%) 157 

(36.3%) 

                                              Medium 

risk 

67 (47.2%) 138 (47.6%) 205(47.5%) 

                                                    High 

risk 

27 (19.0%) 43 (14.8%) 70 (16.2%) 

Classified as frail
◊
, n (%) 80 (55.9%) 130 (44.5%) 210 

(48.3%) 

Self-rated outdoor walking speed, median 

(IQR) 

   4 (3, 4)    4 (3, 4)    4 (3, 4) 

Change in mobility:        Better than one year 9 (6.3%) 15 (5.2%) 24 (5.5%) 
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ago 

About the same 30 (21.0%) 86 (29.5%) 116 

(26.7%) 

Worse than one year ago 104 (72.7%) 191 (65.4.8%) 295 

(67.8%) 

Use of walking aids outside:                           

Yes 

40 (28.0%) 75 (25.7%) 115 

(26.4%) 

                                      Sometimes 28 (19.6%) 55 (18.8%) 83 (19.1%) 

Use of walking aids inside:                            

Yes 

9 (6.3%) 16 (5.5%) 25 (5.7%) 

                                   Sometimes 15 (10.5%) 35 (12.0%) 50 (11.5%) 

Attitudes to Ageing Questionnaire
€
 28.7 (6.6) 29.0 (5.9) 28.9 (6.1) 

Intention to exercise, median (IQR)
¥
    6 (6, 7)    6 (6, 7)    6 (6, 7) 

Exercise self-efficacy scale
£
, median (IQR)   68 (54, 80)   70 (52, 81)   69 (53, 

80) 

Walking self-efficacy
§
    5.3 (3.3)  5.7 (3.3)  5.6 (3.3) 

Confidence in ability to self-manage 

symptoms
¶
 

6.1 (1.78) 6.1 (1.81) 6.1 (1.80) 

Fear Avoidance Beliefs
 Ʊ

 12.7 (5.4) 13.0 (6.1) 12.9 (5.9) 
*IQR is Interquartile range; #baseline data for clinical outcomes is available in Table 2 and Table 3; ◊Based on the Tilburg Frailty Index 

score of ≥5; €range 8-40, higher score indicates a more positive attitude to ageing; ¥range 1-7, higher scores indicates stronger intensions; 
£range 0-90, higher score indicates greater self-efficacy; §range 0-10 higher score indicates greater self-efficacy; ¶range 0-10 indicates 

greater self-efficacy to walk ½ a mile; Ʊrange 4-24, higher scores indicating greater fear avoidance
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Table 2 Patient reported outcomes  

Outcome 

 

                             Best Practice Advice BOOST Programme Between - Group 

Difference*  

(95% CI)  

 p-value 

 n Unadjusted 

mean (SD)* 

n Unadjusted mean 

(SD)* 

ODI
a
 Baseline 143 32.3 (14.2) 292 33.2 (13.7) n/a  

6 months 125 33.2 (15.9) 258 30.2 (16.5) -3.7 (-6.27, -1.06) 0.006 

12 months 127 33.0 (17.4) 253 31.7 (18) -1.4 (-4.03, 1.17) 0.281 

ODI Walking Item
a
 Baseline 143 1.8 (1.2) 292 1.8 (1.2) n/a  

6 months 125 1.8 (1.3) 258 1.6 (1.3) -0.2 (-0.44, -0.02) 0.033 

12 months 126 1.9 (1.4) 253 1.6 (1.4) -0.2 (-0.45, -0.01)  0.041 

RADI - hours moving
c
,
  

median (IQR) 

Baseline  143  3.0 (3.0, 4.0) 292  3.0 (2.0, 4.0) n/a  

6 months  125  3.0 (3.0, 4.0) 256  3.0 (2.0, 4.0) 0.6 (0.39, 0.87)
¥
 0.008 

12 months  127  3.0 (2.0, 4.0) 248  3.0 (2.0, 4.0) 0.9 (0.61, 1.35)
¥
 0.633 

RADI - hours sitting
c
,
  

median (IQR) 

Baseline  143  3.0 (2.0, 3.0) 292  2.0 (2.0, 3.0) n/a  

6 months  125  3.0 (2.0, 3.0) 256  2.0 (2.0, 3.0) 0.8 (0.49, 1.14)
¥
 0.174 

12 months  127  2.0 (2.0, 3.0) 250  2.0 (2.0, 3.0) 1.0 (0.68, 1.55)
¥
 0.886 

TFI
b 

 

Baseline 143  4.9 (2.50) 286  4.4 (2.70) n/a  

6 months 124  5.2 (2.70) 246  4.4 (2.80) -0.4 (-0.80, 0.05) 0.085 

12 months 124  5.2 (2.80) 241  4.8 (3.00) 0.1 (-0.34, 0.52) 0.676 

TFI – physical subscale
b
 Baseline 143  3.0 (1.60) 290  2.6 (1.70) n/a  

6 months 125  3.1 (1.80) 250  2.6 (1.80) -0.3 (-0.61, 0.00) 0.052 

12 months 125  3.1 (1.90) 245  2.8 (1.90) 0.0 (-0.33, 0.29) 0.918 

TFI – psychological 

subscale
b
 

 Baseline 143  1.1 (1.00) 292  1.0 (1.10) n/a  

 6 months 125  1.2 (1.10) 256  1.0 (1.00) -0.1 (-0.31, 0.05) 0.152 

 12 months 127  1.2 (1.00) 251  1.2 (1.10) 0.1 (-0.13, 0.24) 0.563 

One of more falls
e
, n (%)  Baseline 143 50 (35%) 292 115 (39.4%) n/a  

Over 12 months 125 59 (41.3%) 257 96 (32.9%) 0.6 (0.40, 0.98)
¥
 0.041 

Broken Bones following a 

fall
f
, n (%)

 
Baseline 143 4 (2.8%) 292 8 (2.7%) n/a  

Over 12 months 127 9 (7.1%) 253 17 (6.7%) n/a  

SSS Symptom Scale
b
  Baseline 143  3.0 (0.60) 292  3.0 (0.60) n/a  

6 months 119  2.8 (0.80) 247  2.7 (0.80) -0.2 (-0.28, -0.02) 0.025 

12 months 113  2.8 (0.80) 229  2.7 (0.80) -0.1 (-0.19, 0.08) 0.428 
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Troublesomeness
c
,
 
median 

(IQR) 

Baseline 125  4.0 (3.0, 4.0) 258  4.0 (3.0, 4.0) n/a  

6 months 125  3.0 (3.0, 4.0) 258  3.0 (2.0, 4.0) 0.5 (0.27, 0.87)
¥
 0.014 

12 months 127  3.0 (2.0, 4.0) 253  3.0 (2.0, 4.0) 0.8 (0.45, 1.43)
 ¥

 0.454 

Global rating of perceived 

change
d 

Baseline  n/a  n/a n/a  

6 months 125  4.0 (3.0, 5.0) 257  3.0 (2.0, 5.0) -0.4 (-0.75, -0.11) 0.009 

12 months 127  4.0 (3.0, 5.0) 252  4.0 (3.0, 5.0) 0.0 (-0.30, 0.34) 0.902 

Satisfaction: treatment
g
, 

median (IQR) 

Baseline  n/a  n/a n/a  

6 months 125  3.0 (2.0, 4.0) 256  3.0 (2.0, 4.0) 2.5 (1.41, 4.44)
¥
 0.002 

12 months 126  2.0 (2.0, 4.0) 248  3.0 (2.0, 4.0) 2.7 (1.54, 4.83)
¥
 0.001 

Satisfaction: change in 

back & leg problems
g
,
  

median (IQR) 

Baseline  n/a  n/a n/a  

6 months 125  2.0 (2.0, 3.0) 256  3.0 (2.0, 4.0) 3.1 (1.63, 6.08)
¥
 0.001 

12 months 126  2.0 (2.0, 3.0) 247  2.0 (2.0, 3.0) 1.8 (0.91, 3.38)
¥
 0.095 

Notes: *Unless indicated 
¥
Adjusted Odds Ratio (95% CI). 

a
ODI analysis adjusted for age, gender & baseline ODI. Model includes repeated measures with random effects for participant and centre. 403 

participants contributed to the model. 
b 

Mixed effects linear regression analysis adjusted for age, gender and baseline score, with repeated measures within participant and centre, and time point-by-

treatment interaction. 
c
Mixed effects ordinal logistic regression analysis adjusted for age, gender and baseline score, with repeated measures within participant and centre, and time point-by-treatment 

interaction. 
d 

Mixed effects linear regression analysis adjusted for age and gender with repeated measures within participant and centre, and time point-by-treatment interaction. 
e
Mixed effects logistic 

regression analysis adjusted for age, gender and baseline score, with repeated measures within participant and centre, and time point-by-treatment interaction.
  f

Given the low event rate reported for 

number of broken bones following fall, no statistical test was used for comparison. 
g 
Participant satisfaction mixed effects ordinal logistic regression analysis adjusted for age and gender with repeated 

observations within participant and centre; breakdown of scores from 0 to 4 are presented in Supplementary Information Table S3. IQR- Interquartile Range; CI-Confidence Interval; SD- Standard 

Deviation; ODI-Oswestry Disability Index; RADI-Rapid Assessment Disuse Index; TFI-Tilburg Frailty Index 
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Table 3 Outcomes – physical tests 

 

Outcome 

 Best Practice Advice BOOST Programme Between - Group 

Difference 

(95% CI) 

p-value 

 n Unadjusted mean 

(SD)* 

n Unadjusted mean 

(SD)* 

6 minute walk 

test
a
  

Baseline 143 260.4 (101.30) 292 252.9 (98.10) n/a  

6 months 118 266.3 (103.40) 240 283.5 (99.40) 22.5 (7.11, 37.82) 0.004 

12 months 111 263.2 (106.70) 216 284.7 (105.40) 21.7 (5.96, 37.38) 0.007 

SPPB
a
,
  

median (IQR)
 

Baseline 143  9.0 (8.00, 11.00) 291  9.0 (7.00, 11.00) n/a  

6 months 118  9.0 (7.00, 11.00) 245 10.0 (8.00, 11.00) 0.6 (0.19, 0.97) 0.003 

12 months 112  9.5 (7.00, 11.00) 218 10.5 (8.00, 12.00) 0.4 (0.00, 0.80) 0.052 

Grip 

Strength
a
  

Baseline 143 26.7 (10.50) 292 26.7 (10.50)   

6 months 118 26.1 (11.10) 247 27.1 (10.60) 1.2 (0.28, 2.11) 0.010 

12 months 112 26.4 (11.30) 225 27.0 (10.60) 0.9 (-0.08, 1.79) 0.073 
Notes: *Unless indicated. aMixed effects linear regression analysis adjusted for age, gender and baseline score, with repeated measures within participant and centre, and time point-by-treatment interaction.  IQR- 

Interquartile Range; CI-Confidence Interval; SD- Standard Deviation; SPPB-Short Physical Performance Battery 
 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glac063/6547887 by Keele U
niversity user on 29 M

arch 2022



Acc
ep

ted
 M

an
us

cri
pt

43 
 

Figure 1 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glac063/6547887 by Keele U
niversity user on 29 M

arch 2022



Acc
ep

ted
 M

an
us

cri
pt

44 
 

Figure 2 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glac063/6547887 by Keele U
niversity user on 29 M

arch 2022


