
APPENDIX A: METHODOLOGICAL DETAILS 

 

Estimating Procedure Rates 

National trends over time were estimated using directly standardised procedure rates1 (per 100,000 

population), with the population of England in 2016 as our standard population. We first summed 

the number of shoulder procedures, grouped by sex, quintiles of age, and financial year. These 

procedure counts were used to calculate annual age-sex-specific rates, by dividing by the 

appropriate age-sex-specific mid-year populations of England2 (e.g. for the 2012/13 financial year, 

the mid-2012 populations were used). We weighted the annual age-sex-specific rates according to 

the population distribution of England in 2016, to produce directly standardised rates for each year. 

The standardised rates for 2016/17 are the same as the crude rates. 

For comparison of smaller areas, we estimated indirectly standardised rates3 per 100,000 

population. We first calculated age-sex-specific rates for England in 2016/17, then multiplied these 

rates by the age-sex-specific population for the area of interest2 4 5 (e.g. CCG) and summed the 

results. This produced the expected number of patients and procedures for that area, if it were to 

have the same age-sex-specific rates as England. The expected number was then compared to the 

observed number of patients and procedures for that area. A Poisson regression model was fitted to 

the observed counts for each year, with the expected counts as an offset and socio-economic 

deprivation (using the overall score from the English Indices of Multiple Deprivation6) and ethnicity 

(% white British7) as predictive factors. The model was then used to predict new expected counts for 

each area based on deprivation and ethnicity, and form indirectly standardised procedure ratios 

(observed / expected).  
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Estimating Procedure Costs 

Costs were estimated for each financial year by linking HRG codes for each admission in HES with the 

Department of Health Payment by Results National Tariffs for the appropriate financial year.8-17 

Enhanced Tariff Option (ETO) tariffs were applied for 2015/16 as, following a dispute, 88% of 

providers agreed to use ETO tariffs for that financial year.18 The National Tariffs provide costs for day 

cases and longer stays, for both elective and non-elective admissions. They also provide additional 

daily costs for admissions that go above a threshold number of days (termed excess bed days), which 

varies for different types of admission. To calculate the cost of admission, we excluded admissions 

without a discharge date (used to calculate number of bed days) or without a HRG code that 

matched to the National Tariffs (0.7% excluded). We then applied the relevant national tariff or 

alternatively the best practice tariff where applicable (only for HRG code HB62C under specified 

circumstances) and added excess bed day costs (if there were any). Following this, the special service 

top-up for orthopaedic procedures was applied for each year. 
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