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ABSTRACT
Objectives  To quantify provider-level variation in 
musculoskeletal (MSK) health outcomes, consultation 
experience and opioid prescribing in general practice 
using a validated case-mix-adjustment model, and to 
evaluate the feasibility of applying Achievable Benchmark 
of Care (ABC) and funnel plots to derive performance 
benchmarks.
Design  Prospective observational cohort study.
Setting  30 general practices across 13 primary care 
networks within a defined geographical region in England, 
UK (primary care).
Participants  1875 adults aged ≥18 years consulting 
general practice with non-inflammatory MSK pain between 
September 2021 and July 2022 who consented to data 
linkage. Of these, 1317 (70%) completed 3-month follow-
up. Patients with inflammatory arthritis were excluded.
Interventions  None.
Primary and secondary outcome measures  Primary 
outcome was 3-month change in Musculoskeletal Health 
Questionnaire (MSK-HQ; range 0–56, higher scores better) 
score. Secondary outcomes were patient-reported poor 
consultation experience and opioid prescribing within 
14 days of consultation. Multivariable case-mix models 
included demographic and clinical variables. Provider-
level variation was assessed using funnel plots. ABC 
methodology defined achievable benchmarks based on 
top-performing providers.
Results  Mean unadjusted 3-month MSK-HQ 
improvement was 4.9 points. After case-mix-adjustment, 
the weighted mean improvement was 4.8 points, with 
provider-level adjusted gains ranging from 3.0 to 5.7 
points. ABC benchmarks were 5.7 points for MSK-HQ 
improvement, 4.4% for poor experience and 19.6% 
for opioid prescribing. Case-mix-adjustment altered 
provider rankings compared with crude analyses. Funnel 
plots identified two providers exceeding the 95% control 
limit for opioid prescribing; no outliers were observed for 
MSK-HQ.
Conclusions  Case-mix-adjusted benchmarking of MSK 
care in general practice is feasible: combining case-
mix models, ABC benchmarks and funnel plots offers a 
transparent framework for provider comparison. The low 
baseline response rate, which varied between networks, 
means the variation observed should be interpreted 

cautiously rather than as an assessment of individual 
providers.
Trial registration number  ISRCTN18132064.

INTRODUCTION
Musculoskeletal (MSK) conditions are among 
the most common reasons for primary care 
consultations, accounting for approximately 
one in seven general practice contacts in 
the UK.1 2 Evidence suggests wide variability 
in MSK management across providers and 
relatively modest improvements in patient 
outcomes.3–5 Despite this, unwarranted varia-
tion in MSK outcomes has rarely been system-
atically examined, and robust methods to 
identify outlier providers and support case-
mix-adjusted performance benchmarking 
remain underdeveloped.

Audit and feedback improves care quality, 
particularly where baseline performance is 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This prospective cohort study linked patient-
reported outcome measures with primary care elec-
tronic health records across 30 general practices 
and 13 primary care networks, enabling provider-
level benchmarking in routine care.

	⇒ Application of a previously validated 
musculoskeletal-specific case-mix-adjustment 
model supported fair comparison between providers 
with differing patient complexity.

	⇒ Integration of Achievable Benchmark of Care meth-
odology with funnel plots provided transparent iden-
tification of variation and potential outliers.

	⇒ Non-random practice participation and a 14.9% 
baseline response rate may limit representativeness 
and introduce selection bias.

	⇒ Case-mix models calibrated less consistently for 
consultation experience and opioid prescribing, in-
dicating possible residual confounding and unmea-
sured practice-level or clinician-level influences.
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low or where an area has received limited prior atten-
tion, such as MSK care.6 7 In primary care, however, 
MSK-specific approaches to quality reporting and 
benchmarking remain limited. A critical prerequisite 
for effective feedback is the establishment of robust 
methods to generate fair benchmarks and to distin-
guish true variation in outcomes after appropriate 
case-mix-adjustment.

A recommended quality indicator for MSK care is overall 
health gain measured using the Musculoskeletal Health 
Questionnaire (MSK-HQ), a validated patient-reported 
outcome measure designed for use across a wide range 
of MSK conditions and care settings.8–10 The MSK-HQ 
captures domains including pain, stiffness, physical func-
tion, sleep, mood and self-management confidence. Its 
increasing use in the UK presents an opportunity to 
develop standardised outcome-based benchmarking in 
primary care.

Opioid prescribing differs fundamentally from these 
outcomes. For the MSK-HQ and for patient experi-
ence, higher scores are better, whereas for opioids in 
non-inflammatory MSK pain the guideline-concordant 
direction is lower: National Institute for Health and Care 
Excellence (NICE) guidance on chronic pain (NG193)11 
advises against initiating opioids for chronic primary 
pain, and their benefits in most MSK presentations are 
marginal. Benchmarks for prescribing should therefore 
be read as descriptions of current practice and as starting 
points for improvement rather than as clinically endorsed 
targets.

The Achievable Benchmark of Care (ABC) method 
derives ‘real world’ performance targets by calculating 
the pared mean of the highest-performing providers 
whose combined patient populations represent at least 
10% of the total cohort. Unlike arbitrary thresholds, 
ABC produces stretch-but-attainable goals anchored in 
observed practice and has been associated with subse-
quent improvements in quality performance.12–14

Fair benchmarking also requires adjustment for 
differences in patient complexity. Case-mix adjustment 
accounts for variation in patient characteristics such 
as age, comorbidity and baseline severity, ensuring 
that provider comparisons reflect genuine differ-
ences in care quality rather than differences in patient 
mix.15–17 We have previously developed an MSK-specific 
case-mix adjustment model for the MSK-HQ,15 17 but its 
applicability to other important outcomes, including 
patient-reported consultation experience and opioid 
prescribing, remains uncertain. To date, no studies have 
integrated case-mix adjustment with ABC benchmarking 
and funnel plot methodology to evaluate variation 
in MSK care quality and outcomes in routine general 
practice.

The Multi-level Integrated Data for musculoskeletal 
health intelligence and ActionS (MIDAS) programme 
was established to strengthen the use of real-world data 
in MSK primary care.18 Using data from the MIDAS-GP 
cohort (ISRCTN18132064), this study aimed to:

1.	 Apply a validated case-mix adjustment model to quan-
tify provider-level variation in 3-month MSK health 
outcomes, patient experience and opioid prescribing.

2.	 Explore the application of ABC methods and funnel 
plots to derive benchmarks and identify outlier provid-
ers across these indicators.

METHODS
Study design and setting
MIDAS-GP was a prospective cohort study conducted in 
general practices in North Staffordshire and Stoke-on-
Trent, UK, between September 2021 and July 2022. The 
region included 70 practices organised into 13 primary 
care networks (PCNs). Practices were eligible if they had 
compatible clinical systems and text-messaging capa-
bility to support patient identification and recruitment. 
To ensure representation, we aimed to recruit at least 
one practice from each PCN, including those serving 
socioeconomically disadvantaged and ethnically diverse 
populations.

Participants
Patients were eligible if they were aged 18 years or older 
and had a recorded SNOMED CT (Systematised Nomen-
clature of Medicine–Clinical Terms) code, the structured 
clinical terminology used to record diagnoses and clinical 
activity in National Health Service (NHS) primary care 
electronic health records, for a painful MSK condition 
during the recruitment period. To support eligible case 
identification, a list of SNOMED CT Concept IDs tailored 
for UK primary care was developed.19 Patients with codes 
indicating inflammatory arthritis were excluded.

Practice staff, supported by the National Institute of 
Health Research (NIHR) Clinical Research Network: 
West Midlands, conducted weekly or fortnightly elec-
tronic health record searches to identify eligible patients. 
The index consultation was the first eligible MSK consul-
tation recorded during the recruitment period and could 
relate to either a new or ongoing MSK problem. Recruit-
ment was staggered across practices throughout the study 
period. Patients with an active mobile phone number 
recorded in their practice system were invited by SMS to 
complete an online questionnaire within a few days of 
their consultation. For patients without a mobile number, 
paper questionnaires were mailed to their home address. 
Participants provided informed consent for linkage of 
baseline and 3-month follow-up survey responses with 
their primary care electronic health records. The study 
size was determined pragmatically, with all eligible 
patients identified during the recruitment period invited 
to participate; no formal sample size calculation was 
undertaken.

Outcomes and measures
The primary outcome was 3-month MSK-HQ score, 
following their index consultation. The MSK-HQ is a vali-
dated 14-item patient-reported outcome measure scored 
from 0 to 56, with higher scores indicating better MSK 
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health.8 The primary analysis focused on provider-level 
change in case-mix-adjusted MSK-HQ scores between 
baseline and 3 months.

Secondary outcomes were (1) patient-reported consul-
tation experience, assessed in the immediate postconsul-
tation survey and dichotomised as poor (‘fairly poor’ or 
‘very poor’) vs not poor. (2) Opioid prescribing within 
14 days of the index consultation was extracted from 
the electronic health records for the full linked cohort 
(n=1875).

Case-mix variables
Adjustment variables were based on a previously validated 
MSK-specific case-mix model.15 These included age, sex 
and employment status (unemployed or health-related 
work absence vs other categories); baseline MSK-HQ 
score; days of moderate physical activity in the prior week; 
pain duration (<3 months, 3–6 months, 7–12 months, 13 
months–3 years, or >3 years); pain site (1, 2, or ≥3 sites); 
history of MSK surgery (yes/no) and number of prior 
MSK pain episodes (0, 1, 2–3, 4–9, or ≥10). Comorbidities 
were assessed from primary care records in the preceding 
5 years and categorised as 0, 1, 2, or ≥3. Comorbidity code 
lists were developed by cross-mapping the NICE multi-
morbidity indicator, the Charlson and Elixhauser indices, 
and other established case-mix-adjustment methods.19 
Continuous variables (including baseline MSK-HQ score 
and days of moderate physical activity) were retained in 
their original scale. Categorisations for pain duration, 
number of prior episodes and comorbidity count were 
prespecified based on the previously validated MSK-
specific case-mix model and chosen to reflect clinically 
meaningful groupings while ensuring adequate sample 
size within categories.

Statistical analysis
Analyses followed the NHS England methodology 
for case-mix-adjustment of patient-reported outcome 
measures.20 21 For the primary outcome (3-month MSK-
HQ), a four-step analytical approach was used to examine 
variation across PCNs. First, a generalised linear fixed-
effects model was used to estimate associations between 
baseline covariates (prespecified from our existing vali-
dated case-mix model) and 3-month follow-up MSK-HQ 
scores, with PCN included as a fixed effect. Variables 
with minimal contribution (p>0.20) were removed to 
avoid overfitting while maintaining consistency with the 
validated framework. Second, predicted patient-level 
MSK-HQ scores were calculated from the final model 
coefficients using the case-mix covariates only. The PCN 
fixed effect was excluded at the prediction stage, so that 
between-PCN differences remained in the residuals 
rather than being absorbed into the predicted values. 
Third, predicted scores were aggregated to PCN level 
by calculating the mean difference between observed 
and predicted scores within each PCN and adding this 
value to the overall sample mean, generating a case-mix-
adjusted mean 3-month MSK-HQ score for each PCN.

Finally, funnel plots were used to assess PCN-level 
variation and identify potential outliers using 95% and 
99.8% control limits (≈±1.96×SE and ±3.09×SE) around 
the overall case-mix-adjusted mean (continuous outcome) 
or prevalence (binary outcomes). For the continuous 
outcome (3-month MSK-HQ), the SE was calculated as 
SE=SD/√n, where SD was taken as the pooled within-PCN 
SD and n was the number of participants contributing to 
the PCN estimate. For binary outcomes (poor experience 
and any opioid prescribing), the SE was calculated using 
the binomial model, SE = √[p₀(1−p₀)/n], where p₀ is the 
overall case-mix-adjusted prevalence for that outcome; 
estimates were expressed as percentages for plotting.22 
Lower control limits for binary outcomes were truncated 
at 0% (as prevalences cannot be negative).

Stratified funnel plots were constructed to explore 
socioeconomic inequalities, comparing patients in the 
most deprived Index of Multiple Deprivation (IMD) 
quintile (IMDq1) with those in quintiles 2–5. For each 
stratum, adjusted PCN-level estimates and control limits 
were derived using stratum-specific sample sizes.

For secondary outcomes (consultation experience and 
opioid prescribing), generalised logistic fixed-effects 
models were used to derive case-mix-adjusted PCN-level 
percentages, following the same four-step approach and 
again excluding the PCN term at the prediction stage. 
Funnel plots were again used to identify variation and 
outliers.

Benchmarks for each outcome were derived using the 
ABC method, defined as the weighted mean performance 
of the highest-performing providers whose combined 
patient populations represented at least 10% of the total 
cohort (n=1875). For consultation experience and opioid 
prescribing, this threshold was reached by aggregating 
the two highest-performing PCNs. For the MSK-HQ, the 
three highest-performing PCNs were tied on adjusted 
health gain and were therefore all included.

The primary analysis was restricted to observed data 
from baseline responders with linked electronic health 
records. To address missing data arising from loss to 
follow-up and incomplete covariate information, multi-
level multiple imputation (patients nested within PCNs) 
was conducted with 30 imputed datasets.23 Separate 
imputation models were developed for each outcome. 
Estimates were combined using Rubin’s rules under the 
missing at random assumption. Imputed results were 
compared with complete-case analyses to assess the robust-
ness of findings to missing data assumptions. All analyses 
were conducted using Stata MP V.19 (StataCorp). Further 
details of the statistical analyses are provided in online 
supplemental file 2.

Patient and public involvement
Patient and public involvement was embedded throughout 
the MIDAS research programme. A dedicated Patient 
Advisory Group (PAG), comprising seven standing 
members, met regularly (monthly) with members of the 
research team and contributed across the lifecycle of the 
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programme. Public contributors were involved in shaping 
research priorities, advising on questionnaire content 
and acceptability, and informing strategies to minimise 
exclusion and selective non-response.

PAG members advised on recruitment methods within 
general practice, including the use of SMS text messaging, 
online and paper-based questionnaires and the provision 
of telephone support to maximise accessibility. They advo-
cated strongly for inclusion of practices serving socioeco-
nomically deprived and ethnically diverse populations 
and contributed to the design of additional outreach 
approaches (including targeted doorstep surveying in 
MIDAS-POP). The PAG also helped prioritise exemplar 
analyses, including those relating to inequalities in care 
and outcomes.

Public contributors provided input into the interpre-
tation and presentation of findings, emphasising the 
importance of clear, non-judgemental communication 
and avoiding stigmatisation when reporting variation or 
inequality. Their feedback informed the co-development 
of prototype dashboards and data visualisation tools to 
ensure outputs were understandable and meaningful to 
patients as well as clinicians and commissioners.

Public contributors were not involved in data collection 
itself, nor in the statistical analysis, but contributed to 
interpretation, dissemination planning and the broader 
governance of the programme.

RESULTS
A total of 13 447 patients from 30 general practices were 
invited to participate, including at least one practice 
from each of the 13 PCNs, and including four research-
inexperienced practices serving higher proportions 
of patients from Black, Asian, Mixed/Multiple and 
other ethnic minority backgrounds. At baseline, 2008 
patients (14.9%) responded, of whom 1875 consented 
and were successfully linked to their electronic health 
record (EHR), forming the primary analysis cohort. Of 
these, 1317 (70%) completed both the immediate post-
consultation and 3-month follow-up surveys. Reasons 
for non-participation (eg, non-response to invitation or 
failure to complete follow-up) were not systematically 
recorded. Baseline characteristics are shown in table 1.

Participant characteristics
The 1875 participants had a mean age of 57.7 years, 66% 
were female and had a mean body mass index (BMI) of 
29.2 kg/m² (SD 6.9); most were in employment or retired 
(83.8%). Ethnic composition was predominantly White, 
with limited representation of other ethnic groups. Clin-
ically, 13% reported prior MSK-related surgery, 40% had 
symptoms lasting less than 3 months and 46% reported 10 
or more previous episodes of MSK pain. Pain was limited 
to a single site in 50% of participants, while 29% reported 
pain at three or more sites (table 1).

Participant characteristics across PCNs are summarised 
in online supplemental table 1. Modest between-PCN 

Table 1  Characteristics of participants, overall

Total

N 1875

Age, mean (SD) 57.7 (15.5)

Female 1233 (66)

BMI, mean (SD) 29.2 (6.9)

Ethnicity

 � Asian 31 (2)

 � Black 28 (2)

 � Mixed/multiple 11 (1)

 � Other 17 (1)

 � White 1788 (95)

Employment status

 � In paid employment/self-employed/retired/
homemaker/voluntary work/student/other

1572 (83.8)

 � Missing/unable to work due to health/
unemployed/seeking work

303 (16.2)

Previous MSK surgery 238 (13)

Duration of symptoms

 � <3 months 758 (40)

 � 4–6 months 205 (11)

 � 7–12 months 251 (13)

 � 13 months–3 years 290 (15)

 � >3 years 371 (20)

Previous episodes

 � 0 345 (18)

 � 1 129 (7)

 � 2–3 306 (16)

 � 4–9 233 (12)

 � 10+ 862 (46)

Pain sites

 � 1 site 936 (50)

 � 2 sites 390 (21)

 � ≥3 sites 549 (29)

Physical activity (days), mean (SD) 2.2 (2.4)

Comorbidity count

 � 0 829 (44)

 � 1 577 (31)

 � 2 329 (18)

 � ≥3 140 (7)

Baseline MSK-HQ, mean (SD) 25.3 (10.7)

Month-3 MSK-HQ, mean (SD) 30.2 (12.7)

Poor experience 119 (6)

Opioid analgesic 493 (26)

Numbers are n (%) unless otherwise stated.
BMI, body mass index; MSK, musculoskeletal; MSK-HQ, 
Musculoskeletal Health Questionnaire.
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variation included mean age ranging from approximately 
50 to 66 years and female representation from 56% to 
72%. Mean BMI ranged from 28.4 to 31.4 kg/m². Employ-
ment rates varied from 70% to 91%. The proportion 
reporting three or more pain sites ranged from 22% to 
38%. Self-reported physical activity was stable across PCNs 
(mean 1.8–2.5 days/week).

Primary outcome: MSK-HQ
Across the cohort, mean baseline MSK-HQ score was 
25.3 (SD 10.7), increasing to 30.2 (SD 12.7) at 3 months, 
corresponding to an unadjusted health gain of 4.9 points 
(table 2). Baseline scores ranged from 22.2 to 29.0 across 
PCNs, and unadjusted 3-month scores ranged from 26.3 
to 32.2. Crude health gains ranged from 3.1 to 5.8 points.

Predictors of 3-month MSK-HQ score are shown in table 3. 
Older age was associated with slightly better outcomes, 
whereas unemployment or health-related work absence was 
associated with poorer outcomes. Multiple pain sites, longer 
symptom duration, frequent prior episodes and higher 
comorbidity burden were associated with worse outcomes. 
Baseline MSK-HQ score was the strongest predictor of 
follow-up health status. Sex and physical activity were not 
retained in the final model. Calibration plots demonstrated 
generally good model fit (online supplemental figure 1), 

and the complete-case analysis of the MSK-HQ outcome 
produced estimates very close to those from the imputed 
analysis (online supplemental table 2).

After case-mix-adjustment, between-PCN variation 
narrowed (table  2). Adjusted 3-month MSK-HQ scores 
ranged from 28.3 to 31.0 and adjusted health gains 
from 3.0 to 5.7 points, with a weighted mean gain of 4.8 
points. Several PCNs changed rank following adjustment, 
indicating confounding by patient complexity in crude 
comparisons. For example, PCN5 fell from joint highest 
to joint fifth, whereas PCN1 rose from joint fourth to 
joint highest. PCNs 6 and 12 remained among the lowest 
performers.

The ABC benchmark for adjusted MSK-HQ gain was 
5.7 points, achieved by three PCNs. These PCNs also 
exceeded the published minimum clinically important 
difference of 5.5 points.8

Funnel plots (figure  1) identified no statistical 
outliers for MSK-HQ, with all PCNs within the 95% and 
99.8% control limits. However, stratified analyses (online 
supplemental figure 2) demonstrated a socioeconomic 
gradient, with lower adjusted MSK-HQ scores among 
patients in the most deprived quintile (mean 26.9) 
compared with less deprived groups (mean 31.3).

Table 2  Variation in MSK-HQ outcomes across PCNs: crude versus case-mix-adjusted

PCN

Baseline, 
mean (SD) 
MSK-HQ

Crude Case-mix-adjusted

Mean MSK-
HQ 3-month 
follow-up 
score

MSK-HQ 
health gain Rank

Predicted 
MSK-HQ 
3-month 
follow-up 
score

Difference 
between 
actual and 
predicted 
MSK-HQ 
score

Adjusted MSK-
HQ 3-month 
score (mean 
3 m MSK-
HQ (30.2) + 
difference)

Adjusted 
Gain (from 
baseline 
mean of 
25.3)

Adjusted 
rank

1 22.2 (11.0)  27.2 5.0 4 26.4 0.8 31.0 5.7 1

2 22.4 (10.3)  26.4 4.0 9 26.6 −0.2 30.0 4.7 8

3 23.2 (10.3)  26.3 3.1 13 27.3 −1.0 29.2 3.9 12

4 26.1 (11.3)  30.4 4.3 7 30.8 −0.4 29.8 4.5 9

5 24.8 (10.0)  30.6 5.8 1 30.5 0.1 30.3 5.0 5

6 29.0 (11.6)  32.2 3.2 12 32.7 −0.5 29.7 4.4 11

7 27.3 (11.2)  32.2 4.9 6 32.1 0.1 30.3 5.0 5

8 25.6 (11.0)  31.4 5.8 1 30.6 0.8 31.0 5.7 1

9 26.9 (10.8)  31.9 5.0 4 31.1 0.8 31.0 5.7 1

10 24.3 (9.2)  28.4 4.1 8 28.4 0.0 30.2 4.9 7

11 25.1 (10.4)  29.1 4.0 9 29.5 −0.4 29.8 4.5 9

12 27.0 (11.4)  30.8 3.8 11 32.7 −1.9 28.3 3.0 13

13 25.0 (9.9)  30.5 5.5 3 29.9 0.6 30.8 5.5 4

Adjusted mean MSK‐HQ 3‐month follow up scores were then calculated by taking the average MSK‐HQ 3‐month follow up score for the 
whole dataset (30.2) and adding it to the mean difference between actual and predicted scores at PCN level to create an adjusted mean 
MSK‐HQ 3‐month follow up score per PCN.
Adjusted MSK‐HQ health gain was then calculated as the adjusted mean MSK‐HQ 3‐month follow up score for each PCN and taking away 
the mean baseline MSK‐HQ score for the dataset (25.3) to create the adjusted MSK‐HQ health gain per PCN.
The weighted mean MSK-HQ gain across these PCNs was approximately 4.8 points.
The ABC benchmark weighted mean was 5.7, as all three highest-performing PCNs had the same adjusted MSK-HQ gain of 5.7 points.
ABC, Achievable Benchmark of Care; MSK‐HQ, Musculoskeletal Health Questionnaire; PCN, primary care network.
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Secondary outcomes: consultation experience and opioid 
prescribing
Overall, 6% of participants reported a poor consulta-
tion experience and 26% received an opioid prescrip-
tion within 14 days (table 1). Poor experience was more 
common among younger participants (OR per year, 0.96; 
95% CI, 0.95 to 0.97). Higher odds of opioid prescribing 
were observed among participants who were unemployed 
or unable to work due to health, those with pain at three 
or more sites and those with any recorded comorbidity, 
with a graded increase across categories (one comor-
bidity OR 1.55, 95% CI 1.21 to 1.99; two 1.75, 1.31 to 2.34; 

Table 3  Coefficients of model predicting 3-month MSK-HQ 
score with adjustment of case-mix variables

Variables
Regression coefficients 
(95% CI)

Age, years 0.04 (0.00 to 0.07)

Female Not selected

Employment status  �

 � In paid employment/self-employed/
retired/homemaker/voluntary work/
student/other

Reference

 � Missing/unable to work due to health/
unemployed/seeking work

−2.38 (−3.78 to −0.98)

Pain site  �

 � 1 site Reference

 � 2 sites 0.14 (−1.07 to 1.34)

 � ≥3 sites −1.16 (−2.38 to 0.05)

Duration of symptoms  �

 � <3 months Reference

 � 4–6 months −4.76 (−6.53 to −2.99)

 � 7–12 months −4.48 (−5.93 to −3.03)

 � 13 months–3 years −3.74 (−5.43 to −2.05)

 � Over 3 years −5.19 (−6.69 to −3.68)

Previous MSK surgery −0.90 (−2.22 to 0.43)

Comorbidity count  �

 � 0 Reference

 � 1 −0.61 (−1.74 to 0.52)

 � 2 −0.93 (−2.27 to 0.40)

 � ≥3 −1.93 (−3.84 to −0.02)

Days of moderate physical activity in 
previous week

Not selected

Previous episodes  �

 � 0 Reference

 � 1 0.01 (−2.05 to 2.08)

 � 2–3 −3.06 (−4.71 to −1.40)

 � 4–9 −4.43 (−6.25 to −2.61)

 � 10+ −5.04 (−6.64 to −3.43)

Baseline MSK-HQ 0.69 (0.64 to 0.74)

 � Constant 17.67 (15.01 to 20.33)

MSK, musculoskeletal; MSK-HQ, Musculoskeletal Health 
Questionnaire.

Figure 1  Funnel plots for adjusted outcomes: 3-month 
Musculoskeletal Health Questionnaire (MSK-HQ) score, poor 
experience and opioid prescribing within 14 days. This figure 
presents funnel plots for each primary care network (PCN) 
across three adjusted 3-month outcomes: (top) mean MSK-
HQ score, (middle) prevalence of poor patient experience 
and (bottom) prevalence of any opioid prescription within 14 
days of the index consultation. For each panel, the central 
horizontal line represents the overall case-mix-adjusted 
mean (continuous outcome) or prevalence (binary outcomes) 
across all PCNs. Curves show 95% and 99.8% control 
limits (±1.96×SE and ±3.09×SE) that narrow with increasing 
sample size (n). For MSK-HQ, SE was calculated as pooled 
within-PCN SD/√n. For binary outcomes, SE was calculated 
using the binomial model, √[p₀(1−p₀)/n], where p₀ is the 
overall case-mix-adjusted prevalence; estimates were 
expressed as percentages for plotting, and lower control 
limits were truncated at 0%. Points represent PCN-level 
case-mix-adjusted estimates, with n denoting the number 
of participants contributing to each PCN estimate. ABC 
benchmark thresholds (top-performing PCNs) are reported 
in online supplemental tables 4 and 5 for descriptive 
benchmarking and are not shown on the funnel plots, which 
display statistical control limits around the overall adjusted 
mean/prevalence.
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three or more 1.96, 1.33 to 2.89) (table 4). Estimates for 
the secondary outcome models were more sensitive to the 
handling of missing data. In the complete-case analysis 
(online supplemental table 3), days of moderate physical 
activity was retained in both models whereas previous 
episodes was retained in neither, and several associations 
differed in magnitude, most notably for comorbidity 
count and number of pain sites in the poor experience 
model. Symptom duration did not show a consistent posi-
tive association with opioid prescribing, while previous 
episodes were retained in the opioid model, with evidence 
of increased odds for some categories (eg, 4–9 previous 
episodes), although associations were not consistent 
across all episode categories.

After case-mix adjustment, PCN-level variation 
remained (online supplemental tables 4 and 5). Adjusted 
rates of poor experience ranged from 4.1% to 9.6%, 
and opioid prescribing from 13.7% to 36.8%. The ABC 
benchmarks were 4.4% for poor experience and 19.6% 
for opioid prescribing. Funnel plots showed no outliers 
for poor experience, but PCN2 and PCN10 exceeded the 
95% control limit for high opioid prescribing.

Stratified analyses of inequalities
Stratified funnel plots (online supplemental figures 2–4) 
revealed consistent socioeconomic gradients. In the 
most deprived group, mean adjusted MSK-HQ scores 
were lower than in less deprived groups. Within PCN3 
and PCN8, outcomes in deprived populations fell below 

Table 4  Association of case-mix predictors with adjusted poor experience and opioid prescribing

Variables Poor experience Any opioid prescription

Age, years 0.96 (0.95 to 0.97) Not selected

Female 0.77 (0.52 to 1.13) Not selected

Employment status  �   �

 � In paid employment/self-employed/retired/homemaker/voluntary 
work/student/other

Not selected Reference

 � Missing/unable to work due to health/unemployed/seeking work Not selected 1.38 (1.05 to 1.81)

Pain site  �   �

 � 1 site Reference Reference

 � 2 sites 0.68 (0.39 to 1.21) 0.95 (0.72 to 1.26)

 � ≥3 sites 1.44 (0.97 to 2.16) 1.34 (1.05 to 1.71)

Duration of symptoms  �   �

 � <3 months Not selected Reference

 � 4–6 months Not selected 0.94 (0.65 to 1.35)

 � 7–12 months Not selected 0.62 (0.43 to 0.90)

 � 13 months–3 years Not selected 1.03 (0.74 to 1.45)

 � Over 3 years Not selected 1.36 (0.98 to 1.88)

Previous MSK surgery Not selected Not selected

Comorbidity count  �   �

 � 0 Reference Reference

 � 1 1.26 (0.82 to 1.92) 1.55 (1.21 to 1.99)

 � 2 0.80 (0.43 to 1.48) 1.75 (1.31 to 2.34)

 � ≥3 1.92 (1.00 to 3.69) 1.96 (1.33 to 2.89)

Days of moderate physical activity in previous week Not selected Not selected

Previous episodes  �   �

 � 0 Not selected Reference

 � 1 Not selected 1.58 (0.98 to 2.56)

 � 2–3 Not selected 1.43 (0.98 to 2.09)

 � 4–9 Not selected 1.55 (1.03 to 2.32)

 � 10+ Not selected 1.23 (0.85 to 1.78)

Constant 0.54 (0.26 to 1.12) 0.22 (0.15 to 0.30)

Values are adjusted odds ratios (95% CIs) from the imputed main analysis. ‘Not selected’ indicates variables not retained in the final model.
MSK, musculoskeletal.
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the lower 95% control limit, whereas PCN7 and PCN4 
exceeded the upper 99.8% limit, indicating high perfor-
mance in deprived communities.

Adjusted prevalence of poor consultation experience 
was higher in the most deprived group (7.4%) than in 
less deprived groups (4.6%), with a similar pattern for 
opioid prescribing (31.0% vs 26.0%). Calibration plots 
(online supplemental figures 5 and 6) showed variable 
model fit across PCNs, suggesting that unmeasured 
practice-level or clinician-level factors may contribute to 
residual variation, particularly for prescribing and expe-
rience outcomes.

DISCUSSION
Principal findings
In this large prospective cohort of adults consulting 
primary care with non-inflammatory MSK pain, we identi-
fied provider-level variation in 3-month MSK health gain, 
consultation experience and opioid prescribing after 
applying a validated case-mix-adjustment model. The 
mean adjusted MSK-HQ improvement was 4.8 points, 
and adjustment materially altered PCN-level rankings 
compared with crude analyses, reinforcing the impor-
tance of accounting for patient complexity in perfor-
mance comparisons. Approximately twofold variation 
was observed in consultation experience, and opioid 
prescribing varied considerably across providers. Using 
the ABC method, we derived a stretch benchmark of 
5.7 points for MSK-HQ improvement, achieved by three 
PCNs, and applied funnel plots to distinguish expected 
variation from potential outliers. Together, these findings 
suggest that integrating case-mix adjustment, ABC thresh-
olds and funnel plots provides a feasible framework for 
benchmarking MSK care. Socioeconomic stratification 
further showed consistently poorer outcomes and higher 
prescribing in more deprived populations, underscoring 
the importance of equity-aware performance reporting.

Strengths and limitations
This study used a well-characterised prospective cohort 
linked to electronic health records, enabling robust ascer-
tainment of outcomes and prescribing. Regional PCN 
coverage enhanced representativeness, including partic-
ipation by less research-active practices. Application of 
a validated MSK-specific case-mix model alongside ABC 
benchmarking and funnel plots supported transparent 
performance assessment. Several limitations merit consid-
eration. Non-random practice participation and modest 
patient survey response rates may have introduced selec-
tion bias. The low baseline response rate (14.9%) raises 
the possibility of non-response bias. The direction of 
this bias is uncertain: patients who were most unwell or 
heavily medicated may have been less likely to respond, 
but those with more severe or persistent MSK symp-
toms may also have been more motivated to participate 
because the questionnaire was more relevant to them. 
The observed estimates and socioeconomic gradients 

should therefore be interpreted cautiously. The baseline 
response rate also varied between networks, from 9.9% 
to 20.1% (online supplemental table 1). Because our 
comparisons are between networks, this differential non-
response is a greater threat to validity than the overall 
response rate alone, since it could produce apparent 
between-network differences that reflect who responded 
rather than the care they received. Response to follow-up 
among those recruited was more complete, ranging from 
54.9% to 82.9% at 3 months, so the principal concern 
relates to entry into the cohort rather than attrition 
from it. However, PCN coverage was broad and multiple 
imputation was used to mitigate bias arising from missing 
data. Limited ethnic diversity restricts generalisability to 
more heterogeneous populations. Follow-up was limited 
to 3 months, which may underestimate longer-term 
recovery trajectories. Although calibration was strong for 
MSK-HQ, it was weaker for consultation experience and 
opioid prescribing, and these two models were also less 
stable between the imputed and complete-case analyses. 
Together this suggests residual confounding or unmea-
sured practice- or clinician-level influences, and the 
case-mix models for experience and prescribing should 
be treated as provisional rather than ready for bench-
marking use. Our prescribing outcome was a binary 
measure of any opioid prescription within 14 days of the 
index consultation, and we could not distinguish incident 
from continuation prescribing, opioid strength, or dura-
tion of use; the prescribing benchmark should not there-
fore be read as reflecting new prescribing decisions alone. 
The 3-month window also cannot capture longer-term 
opioid outcomes such as escalation, repeat prescribing 
or dependence, which are central to opioid-related harm. 
Future work with larger practice-level sample sizes should 
examine variation both between practices and within 
PCNs, as the current analysis was designed primarily for 
PCN-level benchmarking.

Comparison with other studies
Comparable benchmarking initiatives exist internation-
ally. In the USA, the Center for Medicare & Medicaid 
Services quality programmes24 and Patient-Reported 
Outcomes Measurement Information System (PROMIS)-
based systems25 incorporate provider-level performance 
measurement using patient-reported and process indi-
cators. While structurally different, these initiatives share 
methodological principles with our approach including 
case-mix adjustment, data-driven benchmarking and 
funnel plots for comparative reporting. European bench-
marking studies, including analyses from the STarT MSK 
trial, have demonstrated larger health gains under trial 
conditions. The smaller gains observed in MIDAS likely 
reflect routine practice constraints and post-pandemic 
access pressures, emphasising the importance of eval-
uating outcomes in real-world settings. Process-based 
benchmarking using ABC methods has also been applied 
to low back pain in Flemish general practice.26 Our 
higher opioid benchmark reinforces the need for further 
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deprescribing initiatives in England while acknowledging 
contextual differences. The Flemish emphasis on contin-
uous recalibration of pared-mean benchmarks aligns 
closely with our approach.

Meaning and implications
These findings operationalise prior UK recommenda-
tions advocating the integration of patient-reported 
outcome measures (PROMs), patient-reported experi-
ence measures (PREMs), case-mix adjustment and outlier 
detection methods for fair national benchmarking.27 By 
combining these elements this study provides a single 
methodological framework for routine MSK audit and 
feedback in primary care. Socioeconomic stratification 
showed a consistent pattern across all three indicators. 
Patients in the most deprived quintile had lower adjusted 
MSK-HQ scores than those in less deprived groups and 
also had higher adjusted prevalence of poor consulta-
tion experience and opioid prescribing. These findings 
suggest that deprivation is associated not only with higher 
prescribing but also with poorer MSK outcomes and care 
experience. A benchmarking approach that targets only 
statistical outliers risks missing this broader equity gradient. 
Quality improvement based on these benchmarks should 
therefore be paired with an explicit equity lens and with 
investment in accessible non-pharmacological alterna-
tives, particularly in more deprived communities. Routine 
identification of outliers and transparent benchmarking 
may therefore support targeted quality improvement 
while monitoring equity. Embedding case-mix-adjusted 
benchmarking within practice-facing dashboards offers 
a practical route to strengthen audit and feedback in 
primary care MSK services.

Case-mix adjustment is intended only to enable fair 
comparison between networks serving different popu-
lations; it is not a statement that higher prescribing in 
more vulnerable groups is clinically appropriate. Depri-
vation was deliberately not used as an adjustment vari-
able but was examined through stratified analyses, so that 
socioeconomic inequities in prescribing remain visible 
rather than being adjusted away. The higher adjusted 
prescribing we observed in patients unable to work and 
in those with multiple comorbidities, groups at greater 
risk of opioid-related harm, is clinically concerning in its 
own right, and adjustment should not be used to explain 
away inequitable or potentially harmful prescribing. The 
ABC benchmark of 19.6% for opioid prescribing should 
likewise be read as a stretch-but-attainable description of 
current best practice within this sample and not as a clini-
cally optimal or endorsed level of prescribing.

Unanswered questions and future research
Future work should refine case-mix models for consul-
tation experience and prescribing outcomes, develop 
scalable EHR-based adjustment approaches to reduce 
reliance on self-reported variables and evaluate whether 
dashboard-enabled feedback leads to measurable 

improvements in patient outcomes and prescribing 
behaviour.

CONCLUSIONS
Case-mix-adjusted benchmarking of MSK outcomes and 
prescribing in English primary care is feasible. Across 
13 PCNs, average 3-month MSK-HQ improvement was 
modest and variation persisted for consultation experi-
ence and opioid prescribing after adjustment. We present 
this as a proof of principle for the method rather than 
as an assessment of the participating networks: base-
line response rates varied from 9.9% to 20.1% between 
networks so we cannot exclude the possibility that some 
of the variation observed reflects differences in who 
responded rather than differences in care, and we would 
not support the use of these estimates for performance 
management in their current form. Establishing whether 
these differences are real will require higher and more 
even response rates, which are more likely to be achieved 
by collecting the MSK-HQ routinely at the point of 
care than through separate research invitations. Future 
priorities include refining models for experience and 
prescribing, developing scalable EHR-based adjustment 
tools and evaluating whether benchmarking feedback 
improves patient outcomes.
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