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ABSTRACT
Objective  To assess the incidence of orthopaedic surgery 
(OS) (including total hip arthroplasty (THA), total knee 
arthroplasty, upper limb arthroplasty, arthrodesis and 
spinal surgery) and associated trends in patients with 
spondyloarthritis (SpA) over a long period (17 years).
Methods  An observational, retrospective, population-
based, serial cross-sectional study was conducted. All 
hospital admissions of patients with SpA reported between 
1999 and 2015 were analysed, and a control group was 
selected and matched by age, sex and year of admission. 
Incidence rates for OS (and subtypes) were calculated. 
Generalised linear models were used to analyse trends; 
unconditional logistic regression models were used to 
calculate crude and adjusted ORs (aORs) with the aim of 
evaluating the association between OS and SpA.
Results  The study database contained data on 214 
280 hospital admissions (SpA/non-SpA 1:1 ratio). In the 
SpA cohort, 5 382 admissions (5.02%) had undergone 
OS compared with 3 533 in the non-SpA cohort (3.29%) 
(AOR 1.64; 95% CI 1.57 to 1.72). OS rates increased for 
both cohorts (+4.92% per year vs +8.41%). The trend 
in OS, THA, arthrodesis and spinal surgery decreased or 
stabilised in patients under age 60 in the SpA cohort, while 
the non-SpA cohort remained stable. In the SpA cohort, the 
mean age was 53.68 years (SD 13.65) in 1999, increasing 
to 62.76 years (SD 12.74) in 2015. In the non-SpA cohort, 
the mean age remained stable at around 63 years.
Conclusions  A 9-year difference in the age of patients 
undergoing OS was observed in patients with SpA. 
The incidence of OS, THA and arthrodesis decreased in 
patients under age 60, and the incidence of spinal surgery 
decreased in patients under age 40. Our findings suggest 
that these patients are increasingly able to defer surgical 
interventions.

INTRODUCTION
The term spondyloarthritis (SpA) refers 
to a heterogeneous group of chronic 

inflammatory joint diseases including anky-
losing spondylitis (AS), psoriatic arthritis 
(PsA), arthritis associated with inflammatory 
bowel disease (SpA-IBD) and reactive arthritis 
(ReA).1 2 In advanced stages, which are char-
acterised by joint damage despite pharmaco-
logical efforts, joint involvement may become 
progressively disabling and painful, ultimately 
necessitating surgery.3 In the past, arthroplasty 
was considered to be a ‘negative outcome’ in 
patients with rheumatoid arthritis (RA), and 

Key messages

What is already known about this subject?
	► Orthopaedic surgery in spondyloarthritis (SpA), par-
ticularly surgery for replacement of large joints, is a 
marker of severity and failure of medical treatment.

	► The few available studies report inconsistent results 
for psoriatic arthritis and ankylosing spondylitis and 
related orthopaedic surgery trends.

	► No studies have analysed patients with SpA as a 
single group.

What does this study add?
	► The trend in the use of orthopaedic surgery for SpA 
is increasing, although to a lesser extent than in the 
control group.

	► In SpA, the trend in hip arthroplasty (under 60) is 
decreasing, spinal surgery (under 40) and arthrode-
sis remains stable, while they are increasing in the 
control group.

	► In SpA, orthopaedic surgery is performed on average 
9 years later than at the end of the twentieth century.

How might this impact on clinical practice or 
further developments?

	► These findings suggest that patients with SpA are 
increasingly able to defer surgical interventions.
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it was observed that 25% of patients of a cohort with RA 
eventually required joint replacement between 1974 and 
1997.4 In other previous RA cohorts, more than 50% of 
patients were found to have needed joint surgery during 
the course of their disease.5 6 Nevertheless, data from 
recent series point to a decrease in arthroplasties, which 
could be attributed to the use of ‘treat-to-target’ strate-
gies, early initiation of disease-modifying antirheumatic 
drugs (DMARDs) and the use of biologic agents.7–12 This 
decrease in arthroplasties contrasts with the increase in 
arthroplasty rates in the general population.9 13

Fewer data are available for SpA than for RA. Studies 
on SpA focus specifically on AS and PsA, and data are not 
as clear as for RA and may even be inconsistent. A similar 
study performed in the USA found that arthroplasty 
rates for SpA continued to increase, although average 
age had increased between 1991 and 2005.14 The study 
by Abraham et al (between 2002 and 2013) revealed an 
increasing trend towards knee arthroplasties in patients 
with spondylitis in a sample obtained in their nationwide 
inpatient sample.15 Other studies found a decreasing 
trend in hip arthroplasties for patients with AS,16 
although another study on PsA did not find a decreasing 
trend in arthroplasties.17 As for other types of SpA (eg, 
SpA-IBD and ReA), studies are manifestly scarce. The 
present study reports data on these diseases.

Based on data from the Minimum Basic Data Set 
(MBDS, the Spanish national registry of hospitalised 
patients), this study compared the impact of biologic 
therapies between patients with SpA and a control group 
without SpA and the impact on incidence rate and 
trends for specific orthopaedic procedures, namely, total 
hip arthroplasty (THA), total knee arthroplasty (TKA), 
upper limb arthroplasty (ULA), arthrodesis and spinal 
surgery in patients with SpA.

PATIENTS AND METHODS
Study design
We conducted an observational, retrospective, 
population-based, serial cross-sectional study. This study 
has a similar methodology to other studies carried out by 
our group.18

Source of data
We used the MBDS of hospital discharges for the period 
1999–2015. This database is created by coding hospital 
discharge reports. Data are provided by all Spanish hospi-
tals, both public and private, and the database is esti-
mated to cover 98% of the Spanish population.19 For the 
study period (1999–2015), it contains data on approxi-
mately 60 million hospital discharges.20 In addition to 
demographic data (age, sex and place of residence), 
the MBDS includes the diagnosis, leading to hospital 
admission (primary diagnosis), data on risk factors, 
comorbidities and complications during the hospital stay 
(secondary diagnoses) and diagnostic and surgical proce-
dures performed.19 The diagnoses and data collected are 

coded in accordance with the International Classifica-
tion of Diseases, Ninth Revision (ICD-9-CM). Data were 
provided by the Spanish Ministry of Health, Consump-
tion and Social Welfare and included all admissions of 
patients diagnosed with SpA (SpA cohort). The following 
ICD-9-CM codes were used to identify patients with SpA1: 
720.*, ankylosing spondylitis and other inflammatory 
spondylopathies (AS)2; 696.0, psoriatic arthritis (PsA)3; 
099.3, reactive arthritis (ReA); and4 720 or 696.0, arthritis 
associated with inflammatory bowel disease (SpA-
IBD)  +555.* (regional enteritis), or 556.* (ulcerative 
colitis). Only data from records of patients aged 18 years 
or older were included in the study. The Spanish Ministry 
of Health, Consumption and Social Welfare manages 
the MBDS and allows researchers to access the data for 
research purposes once personal information has been 
anonymised.

Additionally, the Ministry of Health, Consumption and 
Social Welfare, was asked to provide a random sample 
of records from patients with non-SpA. Three million 
records were used to build a control group representative 
of the Spanish population from which the cases arose. 
Specifically, a comparison cohort was selected to match 
cases (SpA cohort) by age, sex, region of residence and 
year of hospital discharge (non-SpA cohort).

Figure 1 is a flowchart outlining the selection process 
used for the records included in this study.

Selection of records containing orthopaedic Surgery
Orthopaedic surgeries were identified through ICD-9 
codes for each surgical area as follows: THA, 81.50–81.53; 
TKA, 81.54–81.55; arthrodesis of upper or lower limb 
joints, 81.20–81.29; ULA (elbow and shoulder 81.80–
81.88 and hands 81.70–81.79); and spinal surgery, 81.0, 
81.3 and 81.6. For each case, the specific data collected 
included demographic characteristics (age, sex and place 
of residence), risk factors, comorbidities and complica-
tions during the hospital stay (secondary diagnoses) 
and the main diagnostic procedures and surgical inter-
ventions performed. Patients were classified into the 
following age groups: 20–39, 40–59, 60–79 and over 80 
years.

Potential confounding Factors
In addition to demographic data (such as age and sex), 
hospital stay and mortality coded according to ICD-9-CM, 
data were collected on the following comorbidities as 
potential confounding factors: variables involved in the 
calculation of the Charlson comorbidity index (severe 
and mild liver disease, kidney disease, chronic obstruc-
tive pulmonary disease, pressure ulcers, connective 
tissue disease, peripheral vascular disease, haemiplegia, 
dementia, congestive heart failure, ischaemic heart 
disease, metastatic tumours, leukaemia and lymphoma) 
and the Charlson comorbidity index itself21 22; cardi-
ovascular diseases (ischaemic heart disease, heart 
failure, stroke, aortic aneurysm, valvular heart disease, 
pulmonary vein thrombosis and pulmonary embolism); 
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cancer (colon, stomach, pancreas, lung, pleura, skin 
(melanoma), breast, cervix, uterus, brain, ovary, pros-
tate, bladder and kidney) and infectious diseases. Data 
were also collected on patients’ history of hypertension, 
smoking, obesity, erythema nodosum, cauda equina 
syndrome, uveitis and depression.

Statistical analysis
Exact matching 1:1 was performed to balance the SpA 
cohort and the non-SpA cohort by age, sex, region of resi-
dence and year of discharge, with a calliper of 5 years in 
age. This process was carried out using the R package. 
The clinical characteristics of the two cohorts were 
compared using univariate analysis, with categorical data 
expressed as absolute and relative frequencies and quan-
titative data as mean and SD. In the case of sex, the χ2 
test was used for qualitative variables and the t test or the 
Mann-Whitney test for quantitative variables, depending 
on the data distribution. The large sample size meant 
that, to facilitate the interpretation of results from the 
univariate analysis, the MSD was calculated and ≥0.1 was 
defined as the cut-off point to establish that there were 
differences between cohorts. All tests were twotailed, and 
significance was set at p<0.05.

Annual crude rates for THA, TKA, ULA, arthrodesis of 
upper or lower limb joints and spinal surgery (cases per 
100 000 population per year) were calculated for both 
cohorts (SpA and non-SpA) by sex and age group. The 
number of cases in the MBDS was used as the numer-
ator, and the population at risk as the denominator. Age-
adjusted rates with 95% CIs were also calculated using the 
population in 2015 as a reference. The at-risk population 

was estimated based on national census data provided by 
the Spanish Statistics Institute, and the prevalence rates 
of SpA were 0.84% overall, 1.13% for men, and 0.54% 
for women. These prevalence rates were obtained from 
the sum of rates for AS and PsA estimated in the Spanish 
epidemiological study EPISER.23

Changes in annual rates (linear trends) were analysed 
using generalised linear models with a Poisson or a nega-
tive binomial distribution for over-dispersed data. The 
rates estimated from models were collected with their 
corresponding 95% CIs expressed as percentages per 
year and as incidence rate ratios (IRRs). The analysis was 
performed for the entire sample and separately for each 
sex.

The association between SpA and THA, TKA, ULA, 
arthrodesis and spinal surgery in comparison with the 
control group was assessed by calculating ORs and the 
corresponding 95% CI using unconditional logistic 
regression models. First, we estimated crude ORs that only 
included the exposure and variables used for matching 
(age, sex, region of residence and calendar year). 
Then, adjusted ORs (aORs) were calculated by adding 
the following variables: year, age, sex, diabetes mellitus, 
hypertension, obesity, smoking, fractures (any), osteopo-
rosis, infectious diseases, hyperlipidemia, cardiovascular 
diseases and Charlson comorbidity index. For a statistical 
analysis of interactions, adjusted models were applied for 
different categories of the interaction variables, and the 
AORs associated with the different subtypes of SpA were 
calculated. This analysis was not carried out if fewer than 
five cases were identified in the corresponding group.

Figure 1  Cohort selection flow chart. MBDS, Minimum Basic Data Set; OS, orthopaedic surgery; SpA, spondyloarthritis.
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Results were considered statistically significant for p 
values less than 0.05. The statistical analysis was carried 
out with IBM SPSS V.24.0, Epidat V.4.2, R V.3.6.1 and 
Stata V.14.

RESULTS
In total, 107 140 hospital admissions for SpA were iden-
tified over the 17-year study period. Of these, 62 291 
(58.1%) were coded as AS, 37 369 (34.9%) as PsA, 5319 
(4.9%) as SpA-IBD and 2161 (2.1%) as ReA. The control 
group comprised 107140 hospital admissions matched 
with the SpA cohort by age, sex, region of residence 
and year of admission (non-SpA cohort). Online supple-
mental table 1 shows the clinical characteristics of both 
cohorts.

Description of OS (all) in the SpA and non-SpA cohorts
Of a total of 214 280 hospital admissions, 8940 (4.16%) 
were for orthopaedic surgery (OS), 3481 (1.62%) for 
THA, 2324 (1.08%) for TKA, 247 (0.11%) for arthro-
desis, 827 (0.38%) for ULA and 2086 (0.97%) for spinal 
surgery. In the SpA cohort, 5382 patients (5.02%) were 
hospitalised for OS, 2261 (2.11%) for THA, 1115 (1.04%) 
for TKA, 172 (0.16%) for arthrodesis, 345 (0.32%) for 
ULA and 1525 (1.42%) for spinal surgeries. In the non-
SpA cohort, 3533 (3.29%) admissions were for OS, 1220 
(1.13%) for THA, 1209 (1.12%) for TKA, 75 (0.07%) for 
arthrodesis, 482 (0.32%) for ULA and 561 (0.52%) for 
spinal surgeries.

In the SpA cohort, OS was performed in 4.90% of 
all hospital admissions in the year 1999, a figure that 
remained stable throughout the analysis period. As for 
the non-SpA cohort, OS was performed in 1.77% of all 
admissions in 1999, a figure that increased linearly to 
4.09% in 2014 (figure 2A).

In the SpA cohort, 3425 (63.74%) patients receiving 
OS were men, while 1957 (36.36%) were women. Mean 
age was 58.97 (SD 13.50) years. Average length of stay was 
16.31 (SD 25.43) days. The mean Charlson comorbidity 
index was 0.45 (SD 0.94). A total of 69 (1.32%) deaths 
occurred during hospitalisation, 52 in men (1.53%) and 
17 in women (0.93%). In comparison, in the non-SpA 
cohort, 1862 (52.75%) patients receiving OS were men 
and 1671 (47.25%) were women (p<0.001). Mean age was 
63.67 (SD 12.58) years (p<0.001). Average length of stay 
was 9.12 (SD 11.12) days (p<0.001). The mean Charlson 
comorbidity index was 0.33 (SD 0.89) (p<0.001). A total 
of 17 (0.48%) deaths occurred during hospitalisation 
(p<0.001), eight in men (0.42%) and nine in women 
(0.53%). Table  1 shows all the main characteristics by 
type of OS.

In the SpA cohort, the mean age (of all cases of OS) 
increased by 9 years during the 17-year study period. The 
mean age was 53.68 years (SD 13.65) in 1999, increasing 
to 62.76 years (SD 12.74) in 2015 and reaching the 
same mean age as the control group. In the non-SpA 

cohort, the mean age remained stable at around 63 years 
(figure 2B).

Incidence of OS
In the SpA cohort, the adjusted rate for total OS was 
112.81/100 000 inhab*year (95% CI 109.79 to 115.86); 
this was slightly higher in women (122.57; 95% CI 
117.16 to 128.15) than in men (111.16; 95% CI 107.46 
to 114.94). In the non-SpA cohort, the adjusted rate 
for the total OS was 74.65 (95% CI 72.20 to 77.16); 
this was higher in women (105.99; 95% CI 100.94 to 
111.22) than in men (60.66; 95% CI 57.95 to 63.48). 
Figure  3 and table  2 show the crude and adjusted 
rates during the study period. Online supplemental 
tables 2 and 3 show the crude and adjusted rates for 
men and women.

Trends in the incidence of OS
For all the OS included, there was an upward age-
adjusted trend in both cohorts: an annual increase 
of +4.9% was observed in the SpA cohort (IRR 1.05; 
95% CI 1.03 to 1.07) and of  +8.4% in the non-SpA 
cohort (IRR 1.08; 95% CI 1.07 to 1.10) (figure 3 and 
table  3). A statistically significant interaction effect 
was found with age. While an annual reduction of 
−1.8% was observed (IRR 0.98; 95% CI 0.96 to 1.01) 

Figure 2  Proportion of admissions for OS and mean age 
during 1999–2015. (A). Proportion of admissions for OS; (B) 
mean age in the study period. MBDS, Minimum Basic Data 
Set; SpA, spondyloarthritis.

https://dx.doi.org/10.1136/rmdopen-2021-002107
https://dx.doi.org/10.1136/rmdopen-2021-002107
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in the range of 20–40 years in the SpA cohort, this 
increase was 4.74% (IRR 1.04; 95% CI 1.02 to 1.07) in 
the non-SpA cohort. In the age range of 40–60 years, 
an increase of 2% was observed in the SpA cohort, 
while in the non-SpA cohort, this increase was 7.15%. 
Similar increases were observed in both cohorts in 
the age ranges of 60–80 years and older than 80 years 
(table 3).

Association between OS (all) and Spa (overall and each type)
OS was associated with belonging to the SpA cohort 
(aOR 1.65; 95% CI 1.58 to 1.72). The strength of the 
association was similar for AS (aOR 1.71; 95% CI 1.62 
to 1.79), PsA (aOR 1.72; 95% CI 1.63 to 1.83) and 
ReA (AOR 1.46; 95% CI 1.11 to 1.93), but not for 
SpA-IBD (AOR 0.53; 95% CI 0.43 to 0.65) (table  4 
and figure 4).

Incidence of THA
In the SpA cohort, the adjusted rate for THA was 
47.48/100 000 inhab*year (95% CI 45.53 to 49.48), 
and this was higher in men (55.15; 95% CI 52.53 to 
57.85) than in women (35.31; 95% CI 32.43 to 38.37). 
In the non-SpA cohort, the adjusted rate for THA 
was 26.25 (95% CI 24.79 to 27.80); this was higher in 
women (33.04; 95% CI 30.21 to 36.08) than in men 
(23.55; 95% CI 21.82 to 25.36). Figure 3 and table 2 
show the crude and adjusted rates during the study 
period. Online supplemental tables 2 and 3 show the 
crude and adjusted rates for men and women.

Trends in the incidence of THA
While the trend in the SpA cohort remained practi-
cally stable during the study period (+0.9%; IRR 1.01; 
95% CI 0.99 to 1.03), an upward trend was observed in 
the non-SpA cohort, with an annual increase of +5.6% 
(IRR 1.06; 95% CI 1.04 to 1.07). In the range of 20–40 
years, an annual reduction of −5.1% was observed (IRR 
0.95; 95% CI 0.91 to 0.99) in the SpA cohort, while 
in the non-SpA cohort, it remained stable (−1.5%, 
IRR 0.98; 95% CI 0.93 to 1.04). In the age range of 
40–60 years, a reduction of −2.5% was observed in the 
SpA cohort, while in the non-SpA cohort, there was 
an increase of 3.7%. Similar increases were observed 
in both cohorts in the age ranges of 60–80 years and 
older than 80 years (table 3).

Association between THA and SpA (overall and each type)
THA was associated with belonging to the SpA cohort 
(aOR 2.11; 95% CI 1.96 to 2.27). The strength of the 
association observed was greater in ReA (aOR 3.07; 
95% CI 1.93 to 4.90) than in AS (aOR 2.30; 95% CI 
2.13 to 2.49) and in PsA (aOR 1.91; 95% CI 1.73 to 
2.10). There was no association with SpA-IBD (aOR 
1.18; 95% CI 0.91 to 1.52) (table 4 and figure 4).

Incidence of TKA
In both cohorts, the adjusted rate for TKA was similar: 
23.32/100 000 inhab* year (95% CI 21.98 to 24.73) in 
the SpA cohort and 25.35/100 000 inhab*year (95% 
CI 23.95 to 26.86) in the non-SpA cohort, with higher 
values for women than men in both (figure  3 and 

Figure 3  Adjusted rates from 1999 to 2015 by type of surgery. OS, orthopaedic surgery; THA, total hip arthroplasty; TKA, total 
knee arthroplasty; ULA, upper limb arthroplasty.

https://dx.doi.org/10.1136/rmdopen-2021-002107
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table 2). Online supplemental tables 2 and 3 show the 
crude and adjusted rates for men and women.

Trends in the incidence of TKA
Similar upward trends were observed in both cohorts, 
with annual increases of +9%. No statistically significant 
interaction effect was observed with age (table 3).

Association between THA and SpA (overall and each type)
TKA was not associated with SpA (AOR 0.97; 95% CI 0.89 
to 1.05). However, AS (aOR 0.59; 95% CI 0.52 to 0.66) 
and SpA-IBD (aOR 0.16; 95% CI 0.08 to 0.33) were nega-
tively associated with SpA, while PsA (AOR 1.57; 95% CI 
1.43 to 1.73) and ReA (AOR 3.76; 95% CI 1.94 to 7.29) 
were positively associated (table 4 and figure 4).

Incidence of ULA
In both cohorts, the adjusted rate for TKA was 7.18/100 
000 inhab*year (95% CI 6.43 to 7.97) in the SpA cohort 
and 10.11/100 000 inhab*year (95% CI 9.23 to 11.03) 
in the non-SpA cohort. Values were higher for women 
than men in both groups (figure 3 and table 2). Online 
supplemental tables 2 and 3 show the crude and adjusted 
rates for men and women.

Trends in the incidence of ULA
Similar upward trends were observed in both cohorts, 
with annual increases of +10%. No statistically significant 
interaction effect was observed with age (table 3).

Association between ULA and SpA (overall and each type)
ULA was negatively associated with belonging to the SpA 
cohort (aOR 0.80; 95% CI 0.70 to 0.93) and positively 
associated with ReA (aOR 7.94; 95% CI 3.04 to 20.73). It 
was negatively associated with the rest of the SpA cohort 
(table 4 and figure 4).

Incidence of arthrodesis
In the SpA cohort, the adjusted arthrodesis rate was 
3.57/100 000 inhab*year (95% CI 3.03 to 4.14); this was 
higher in women (5.57; 95% CI 4.49 to 6.89) than in men 
(2.65; 95% CI 2.12 to 3.29). In the non-SpA cohort, the 
adjusted rate was 1.55 (95% CI 1.22 to 1.97); this was 
higher in women (1.97; 95% CI 1.33 to 2.81) than in men 
(1.37; 95% CI 0.99 to 1.83). Figure 3 and table 2 show the 
crude and adjusted rates during the study period. Online 
supplemental tables 2 and 3 show the crude and adjusted 
rates for men and women.

Trends in the incidence of arthrodesis
While in the SpA cohort, the trend remained practically 
stable during the study period (+1% IRR 1.01; 95% CI 
0.98 to 1.04), in the non-SpA cohort, there was an upward 
trend with an annual increase of +10.6% (IRR 1.11; 95% 
CI 1.05 to 1.17). The same pattern was observed in all age 
ranges (table 3).

Association between arthrodesis and SpA (overall and each type)
Arthrodesis was associated with belonging to the SpA 
cohort (aOR 2.45; 95% CI 1.87 to 3.23). The strength Ta
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of the association was greater in ReA (aOR 12.70; 95% 
CI 4.74 to 34.07) than in PsA (aOR 5.67; 95% CI 4.25 to 
7.56). Arthrodesis was not associated with AS or SpA-IBD 
(table 4 and figure 4).

Incidence of spinal surgery
In the SpA cohort, the adjusted rate for the total spinal 
surgery was 32.02/100 000 inhab*year (95% CI 30.45 to 
33.70); this was slightly higher in women (36.72; 95% 
CI 33.80 to 39, 84) than in men (30.59; 95% CI 28.66 
to 32.60). In the non-SpA cohort, the adjusted rate was 
11.70 (95% CI 10.76 to 12.70); this was similar in both 
men and women. Figure 3 and table 2 show the crude 

and adjusted rates during the study period. Online 
supplemental tables 2 and 3 show the crude and adjusted 
rates for men and women.

Trends in the incidence of spinal surgery
An upward age-adjusted trend was observed in both 
cohorts: an annual increase of +6.6% in the SpA cohort 
(IRR 1.07; 95% CI 1.05 to 1.08) and of +10% in the non-
SpA cohort (IRR 1.10; 95% CI 1.08 to 1.13) (figure 3 and 
table  3). However, a statistically significant interaction 
effect with age was found. While the rate remained stable 
at +0.6% (IRR 1.01; 95% CI 0.98 to 1.04) for the range of 
20–40 years in the SpA cohort, an increase of +7% (IRR 

Table 3  Trends in OS for both sexes and by age range and type of surgery

SpA Non-SpA

Linear 
trend 95% CI % Annual P value

Linear 
trend 95% CI % Annual P value

OS (all) 1.049 1.032 to 1.066 4.92 0 1.084 1.068 to 1.1 8.41 0

 � Aged 20–40 0.982 0.963 to 1.002 −1.8 0.074 1.047 1.025 to 1.07 4.74 0

 � Aged 40–60 1.02 1.012 to 1.028 2 0 1.072 1.056 to 1.087 7.15 0

 � Aged 60–80 1.083 1.071 to 1.095 8.3 0 1.09 1.073 to 1.107 9.02 0

 � Aged >80 1.143 1.098 to 1.189 14.3 0 1.102 1.077 to 1.128 10.25 0

THA (all) 1.01 0.99 to 1.03 0.979 0.337 1.057 1.043 to 1.07 5.65 0

 � Aged 20–40 0.948 0.907 to 0.991 −5.192 0.018 0.984 0.931 to 1.04 −1.581 0.572

 � Aged 40–60 0.975 0.967 to 0.983 −2.521 0 1.037 1.011 to 1.064 3.727 0.006

 � Aged 60–80 1.054 1.033 to 1.074 5.354 0 1.06 1.042 to 1.078 5.958 0

 � Aged >80 1.128 1.083 to 1.174 12.754 0 1.086 1.056 to 1.117 8.566 0

TKA (all) 1.093 1.077 to 1.109 9.291 0 1.096 1.077 to 1.115 9.557 0

 � Aged 20–40 1.007 0.976 to 1.039 0.676 0.675 The model fails to converge when group one is 
included

 � Aged 40–60 1.048 1.035 to 1.06 4.768 0 1.115 1.088 to 1.143 11.528 0

 � Aged 60–80 1.091 1.08 to 1.102 9.109 0 1.091 1.069 to 1.112 9.06 0

 � Aged >80 1.182 1.092 to 1.28 18.199 0 1.124 1.084 to 1.165 12.383 0

ULA (all) 1.091 1.068 to 1.115 9.11 0 1.103 1.079 to 1.128 10.311 0

 � Aged 20–40 1.027 0.97 to 1.088 2.72 0.363 1.038 0.988 to 1.09 3.794 0.138

 � Aged 40–60 1.081 1.051 to 1.113 8.121 0 1.082 1.057 to 1.109 8.245 0

 � Aged 60–80 1.126 1.092 to 1.161 12.615 0 1.147 1.1 to 1.195 14.66 0

 � Aged >80 1.311 0.986 to 1.744 31.086 0.063 1.44 1.076 to 1.927 43.996 0.014

Arthrodesis (all) 1.01 0.979 to 1.043 1.039 0.52 1.107 1.046 to 1.171 10.684 0

 � Aged 20–40 0.976 0.899 to 1.06 −2.359 0.57 1.08 0.98 to 1.19 8.013 0.119

 � Aged 40–60 1.016 0.981 to 1.052 1.619 0.367 1.138 1.058 to 1.225 13.846 0.001

 � Aged 60–80 1.01 0.938 to 1.088 1.025 0.787 1.064 0.941 to 1.202 6.367 0.323

 � Aged >80 1.168 0.921 to 1.48 16.786 0.199 1.266 1.066 to 1.503 26.563 0.007

Spinal surgery 
(all)

1.067 1.054 to 1.08 6.686 0 1.1 1.076 to 1.125 10.017 0

 � Aged 20–40 1.007 0.976 to 1.039 0.676 0.675 1.07 1.019 to 1.125 7.049 0.007

 � Aged 40–60 1.048 1.035 to 1.06 4.768 0 1.07 1.047 to 1.093 6.966 0

 � Aged 60–80 1.091 1.08 to 1.102 9.109 0 1.167 1.13 to 1.206 16.744 0

 � Aged >80 1.182 1.092 to 1.28 18.199 0 1.237 0.829 to 1.846 23.683 0.298

OS, orthopaedic surgery; SpA, spondyloarthritis; THA, total hip arthroplasty; TKA, total knee arthroplasty; ULA, upper limb arthroplasty.
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Table 4  Risk of OS associated with SpA and non-SpA subtypes

All OS Without OS With OS Crude OR 95% CI AOR 95% CI

N (%) 205 340 (100) 8940 (100)

 � Non-SpA (%) 103 600 (50.5) 3540 (39.6) ref ref

SpA (%) 101 740 (49.5) 5400 (60.4) 1.553 1.488 to 1.622 1.648 1.577 to 1.723

 � AS (%) 59 070 (28.8) 3221 (36.9) 1.596 1.52 to 1.677 1.708 1.624 to 1.795

 � PsA (%) 35 339 (17.2) 2030 (22.7) 1.681 1.59 to 1.778 1.724 1.628 to 1.826

 � SpA-IBD (%) 5227 (2.5) 92 (1) 0.515 0.418 to 0.635 0.526 0.427 to 0.65

 � ReA (%) 2104 (1) 57 (0.6) 0.793 0.608 to 1.034 1.463 1.108 to 1.932

THA

N (%) 210 799 (100) 3481 (100)

 � Non-SpA (%) 105 920 (50.2) 1220 (35) ref ref

SpA (%) 104 879 (49.8) 2261 (65) 1.872 1.745 to 2.008 2.111 1.964 to 2.268

 � AS (%) 60 825 (28.9) 1466 (42.1) 2.093 1.534 to 1.848 2.304 2.131 to 2.492

 � PsA (%) 36 658 (17.4) 711 (20.4) 1.684 1.534 to 1.848 1.905 1.732 to 2.095

 � SpA-IBD (%) 5256 (2.5) 63 (1.8) 1.041 0.807 to 1.343 1.18 0.912 to 1.526

 � ReA (%) 2149 (1) 21 (0.6) 0.852 0.552 to 1.314 3.073 1.929 to 4.896

TKA

N (%) 211 956 (100) 2324 (100)

 � Non-SpA (%) 105 931 (50) 1209 (52) ref ref

SpA (%) 106 025 (50) 1115 (48) 0.921 0.849 to 1 0.97 0.892 to 1.054

 � AS (%) 61 918 (29.2) 373 (16) 0.528 0.47 to 0.593 0.588 0.522 to 0.661

 � PsA (%) 36 646 (17.3) 723 (31.1) 1.729 1.575 to 1.897 1.571 1.428 to 1.728

 � SpA-IBD (%) 5311 (2.5) 8 (0.3) 0.132 0.066 to 0.265 0.164 0.081 to 0.329

 � ReA (%) 2150 (1) 11 (0.5) 0.448 0.247 to 0.813 3.755 1.935 to 7.287

ULA

N (%) 213 453 (100) 827 (100)

 � Non-SpA (%) 106 658 (50) 482 (58.3) ref ref

SpA (%) 106 795 (50) 245 (41.7) 0.715 0.622 to 0.821 0.804 0.699 to 0.925

 � AS (%) 62 166 (29.1) 125 (15.1) 0.445 0.365 to 0.542 0.522 0.428 to 0.636

 � PsA (%) 37 160 (17.4) 209 (25.3) 1.245 1.058 to 1.465 1.333 1.13 to 1.573

 � SpA-IBD (%) 5316 (2.5) 3 (0.4) 0.125 0.04 to 0.389 0.107 0.034 to 0.332

 � ReA (%) 2153 (1) 8 (1) 0.822 0.408 to 1.656 7.939 3.04 to 20.733

Arthrodesis

N (%) 214 033 (100) 247 (100)

 � Non-SpA (%) 107 065 (50) 75 (30.4) ref ref

SpA (%) 106 968 (50) 172 (69.6) 2.295 1.75 to 3.011 2.454 1.866 to 3.228

 � AS (%) 62 259 (29.1) 32 (13) 0.734 0.485 to 1.11 0.793 0.523 to 1.202

 � PsA (%) 37 239 (17.4) 130 (52.6) 4.983 3.75 to 6.623 5.671 4.253 to 7.562

 � SpA-IBD (%) 5317 (2.5) 2 (0.8) 0.537 0.132 to 2.187 0.382 0.093 to 1.558

 � ReA (%) 2153 (1) 8 (3.2) 5.304 2.556 to 11.009 12.7 4.735 to 34.065

Spinal surgery

N (%) 212 194 (100) 2086 (100)

 � Non-SpA (%) 106 579 (50.2) 561 (26.9) ref ref

SpA (%) 105 615 (49.8) 1525 (73.1) 2.743 2.489 to 3.023 2.614 2.367 to 2.887

 � AS (%) 61 062 (28.8) 1229 (58.9) 3.824 3.459 to 4.227 3.637 3.282 to 4.031

 � PsA (%) 37 098 (17.5) 271 (13.0) 1.388 1.2 to 1.605 1.39 1.2 to 1.611

Continued
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1.07; 95% CI 1.02 to 1.13) was observed in the non-SpA 
cohort. Similar increases were observed in both cohorts 
for the ranges 40–60 years, 60–80 years and older than 80 
years (table 3).

Association between spinal surgery and SpA (overall and each 
type)
OS was associated with belonging to the SpA cohort 
(aOR 2.61; 95% CI 2.37 to 2.89). The strength of the 
association observed was greater for AS (aOR 3.64; 95% 
CI 3.28 to 4.03) than for PsA (aOR 1.39; 95% CI 1.20 to 
1.61). SpA-IBD and ReA were negatively associated with 
belonging to the SpA cohort (table 4 and figure 4).

DISCUSSION
Our study period was sufficiently long (1999–2015) to 
enable an investigation of the trends in specific types of 
OS in patients with SpA throughout Spain and a compar-
ison with a control group. The initial hypothesis was to 
evaluate whether the introduction of new strategies in 

the treatment of patients with SpA (such as the use of 
biologic therapies or improvement in diagnostic delay) 
during the study period had a favourable impact on OS 
rates. While our hypothesis would benefit from further 
assessment, our results point to a favourable outcome 
for this approach. The findings that support this state-
ment are as follows1: rates of OS in ages below 60 years 
decreased, whereas those in the control group increased.2 
For patients with SpA, rates of THA and arthrodesis stabi-
lised and even decreased in patients under 60 years, 
while in the control group, they continued to increase.3 
The frequency of spinal surgery stabilised in the 20-year 
to 40-year age range in the SpA cohort and increased 
in the control group.4 The average age at which OS was 
observed in the SpA cohort increased by 9 years (up to 
62 years), while in the control group, it remained stable 
at 63 years.

Unlike other studies, in which only 1 or 2 types of SpA 
are included, we analysed patients with AS, PsA, SpA-IBD 
and ReA. This makes it difficult to compare the results. 

All OS Without OS With OS Crude OR 95% CI AOR 95% CI

 � SpA-IBD (%) 5303 (2.5) 16 (0.8) 0.573 0.348 to 0.943 0.496 0.301 to 0.817

 � ReA (%) 2152 (1) 9 (0.8) 0.795 0.411 to 1.537 0.42 0.215 to 0.818

Variables included in the adjustment, SpA_type, year, age, sex, DM, hypertension, obesity, tobacco use, fx_any, osteoporosis, parasitic 
infectious diseases, hyperlipidaemia, cardiovascular disease, Charlson comorbidity index.
AOR, adjusted odds ratio; AS, ankylosing spondylitis; OS, orthopaedic surgery; PsA, psoriatic arthritis; SpA-IBD, spondyloarthritis 
associated with inflammatory bowel disease; THA, total hip arthroplasty; TKA, total knee arthroplasty; ULA, upper limb arthroplasty.

Table 4  Continued

Figure 4  OS risk associated with SpA and non-SpA subtypes. AOR, adjusted OR; AS, ankylosing spondylitis; OS, 
orthopaedic surgery; PsA, psoriatic arthritis; ReA, reactive arthritis; THA, total hip arthroplasty; TKA, total knee arthroplasty; 
SpA-IBD, spondyloarthritis associated with inflammatory bowel disease; ULA, upper limb arthroplasty. Variables included in the 
adjustment: year, age, sex, DM, hypertension, obesity, tobacco use, fx_any, osteoporosis, infectious disease, hyperlipidaemia, 
cardiovascular disease, Charlson comorbidity index.
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Mertelsmann-Voss et al,14 who included patients with AS 
and PsA, found similar results to ours and observed a 
global increase in OS, with a reduction in the subgroup 
of patients under 45 years of age.14 The authors also 
found a 6-year increase in the mean age at which OS was 
performed during the period analysed (1991–2005).14 
Nystad et al16 only analysed patients with AS and THA and 
found a downward trend for THA as well as an increase 
in the mean age at which THA was performed. Similarly, 
Bloom et al23 observed a downward trend in the rate of 
THA in AS. By contrast, in the UK, Hawley et al recorded 
no decrease in hip arthroplasties in patients with AS.24 
However, no reduction in the OS trend was found in 
those studies, in which only patients with PsA were anal-
ysed. Guldberg-Møller et al17 analysed 11 960 patienst with 
PsA (mean age 50 years; 57% female) from 1996 to 2017. 
The IRR of any joint surgery was two times as high for 
patients with PsA as for the general population across all 
the calendar periods analysed. Among patients with PsA, 
2%, 10% and 29% required joint surgery at 5, 10 and 
15 years after diagnosis. The risk of surgery in patients 
with PsA diagnosed at 18–40 years was higher (22%) than 
in the general population aged 60+ years (20%) after 
15 years of follow-up. Nystad et al25 found that 20% of 
patients with PsA required OS and that the time period 
of diagnosis did not affect outcome. Other studies with 
similar results are those of Lewison et al26 and Haque et 
al.27

The fact that demographic trends in arthroplasty among 
patients with SpA are converging with trends among 
patients with noninflammatory conditions suggests that 
patients with SpA may be increasingly undergoing joint 
replacement for secondary osteoarthritis rather than 
inflammatory arthritis. The rates of hip and knee pros-
thesis continue to be higher in patients with SpA than 
in the general population. However, as Ward indicates, 
they increase fundamentally in older patients with SpA, 
in part due to degenerative problems added by the 
underlying disease.28 This theory is also supported by the 
finding that in the SpA group, the rate of arthroplasty 
was decreasing substantially quicker among patients aged 
40 years than among patients in the older age groups, 
suggesting that DMARDs and biologic agents are effec-
tively reducing inflammatory damage in patients with 
active SpA.14 Ageing of the total population because of 
factors such as advances in medical treatment means 
that an increasing number of older patients with SpA 
have degenerative joint damage secondary to SpA. These 
patients undergo more operations related to ageing to 
preserve physical functioning and quality of life.11

Our study has both strengths and limitations. Its main 
strengths are its large sample size, the long study period 
and the standardised methodology, which was main-
tained throughout the study period. We believe that the 
duration of the study period, the use of a control group 
matched by age, sex, region and year of admission and 
the exhaustive data provided by the MBDS provide suffi-
cient internal validity, which, in quantitative terms, is 

observed in the consistent frequency in the number of 
episodes detected each year and, in qualitative terms, in 
the identification of age groups at higher risk. The limita-
tions of this study must also be highlighted. Given that it 
is an observational retrospective study, a causal relation-
ship cannot be established with the results found. Even if 
the MBDS provides information from a network of hospi-
tals that covers more than 98% of the population living in 
Spain,18 some OS may have not been properly recorded 
by the public hospital discharge registry, and there may 
be coding errors. In addition, cases of OS in patients 
with SpA may not have been coded as SpA, thus implying 
an underestimation in our results. Another important 
limitation is that the MBDS does not include data related 
to treatments, medication consumption, disease dura-
tion or disease activity. Similarly, neither the primary nor 
the secondary diagnoses have been validated.

In summary, in patients with SpA in Spain, we observed 
a trend in stabilisation of OS, with a decrease in the rates 
of THA and arthrodesis in ages below 60 years, a decrease 
in spinal surgery for patients under 40 years and a 9-year 
difference in age at OS, which reached that of the control 
group.
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