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Abstract
Purpose: The objective of the study was to analyze the epidemiology and implementation of shoulder
arthroscopy, with a focus on disparities and differences between public and private hospitals in the different
health areas of the Aragon region of Spain.

Methods: A retrospective analysis of the database of the Aragon Institute of Health Sciences from January 1,
1996, to December 31, 2021, was conducted.

Results: During the study period, 17,938 shoulder arthroscopies were performed, increasing the overall
number of interventions by 360.6 times. The male/female ratio was 1.25. Mean age increased from 44.3 (±
7.6) years in 1996 to 52.3 (± 13.2) years in 2015 (p<0.001). In the Teruel area, the incidence rate of
arthroscopies was 161.5/100,000 inhabitants in 2009; however, it decreased to 45.2 in 2021. On the other
hand, in the Zaragoza I area, the number increased from 64.1 in 2009 to 121.5 in 2021. Between 1996 and
2015, 60.3% (2,883 patients) of the total number of private-funded interventions were performed on male
patients, whereas 51.14% (3,288 patients) of the total number of public-funded interventions were
performed on male patients (p<0.001); since 2016, 58.46% (2,014 patients) of the total number of private-
funded interventions were performed on male patients, whereas 53.46% (1,328 patients) of the total number
of public-funded interventions were performed on male patients (p<0.001). Mean length of stay was 1.49
(±2.47) days in private-funded admissions versus 1.78 (±1.20) days in public-funded admissions between
1996 and 2015 (p<0.001); since 2016, the were no differences between the two groups. Readmission rate
from 1996 to 2015 was higher in private-funded surgeries (553 readmitted patients of 3550, 0.16%) compared
to public-funded surgeries (614 readmitted patients of 6237, 0.1%) (p<0.001); since 2016, readmission rate
was higher in private-funded surgeries (498 readmitted patients of 3245, 0.15%) compared to public-funded
surgeries (150 readmitted patients of 2426, 0.06%) (p<0.001).

Conclusions: Arthroscopic shoulder procedures did not follow the same development and implantation in all
the areas of Aragón; there were existing differences depending on the health area. The different
idiosyncrasies of public and private hospitals favor the differences between them in terms of
implementation and development of shoulder arthroscopy.
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Introduction
In the last 30 years, arthroscopic surgery has experienced great development and has increased in popularity
worldwide. This is due to improvements in equipment, instrumentation, and implants, a better surgeon's
knowledge, training in arthroscopic techniques, and surgeon and patient interest in more precise and less
invasive surgeries [1]. Among its advantages are less invasive approaches, better intra-articular
visualization, lower risk of postoperative complications, less pain in the immediate postoperative period,
faster recovery, and reduced hospital costs, since many procedures are performed on an outpatient basis. As
a result, both surgeons and patients have demonstrated a preference for arthroscopic surgery over open
surgery [2]. The development of minimally invasive surgery has involved a decrease in surgical morbidity
and mortality. Orthopedic surgery has been part of this trend through arthroscopic techniques for joint
surgery. All these reasons contributed to the increase in arthroscopic procedures. The number of knee
arthroscopy procedures followed an upward trend over the years [3,4]. The number of arthroscopic
meniscectomy procedures in Spain presented an increase of 33% between 2003 and 2018 [4].

Arthroscopic techniques require specific training by the orthopedic surgeon. Due to its high technical
requirements, there may be differences in the implementation of shoulder arthroscopy between the different
health areas. In fact, time trends and geographical variations in arthroscopy rates have been described
among several states of the United States [5]. Hospitals in the Aragon region of Spain vary in the training
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backgrounds of staff, and specialists frequently move between hospitals. This could contribute to a
heterogeneous composition of shoulder arthroscopy training among hospital staff. The different structures
of public and private funded hospitals may favor the differences between them in terms of implementation
and development of shoulder arthroscopy and in relation to hospital lengths of stay and readmissions. The
aim of this study was to analyze the epidemiology and implementation of shoulder arthroscopy, with a focus
on disparities and differences between public and private hospitals in different health areas of the Aragon
region in Spain.

Materials And Methods
This was a retrospective cross-sectional observational study of anonymized data from the Aragon Institute
of Health Sciences (IACS) Big Data project (BIGAN) from the The Minimum Basic Hospital Discharge
Dataset, which includes individual anonymized clinical (diagnoses and procedures), demographic (age,
gender, and healthcare areas of residence), and administrative data (admission, discharge, main procedure
dates, and ambulatory surgery) of all discharges in the regional Health Services hospitals. Data on patients
who underwent arthroscopic shoulder surgery in the database from January 1, 1996, to December 31, 2021,
were requested. Ethical approval (PI22-520) was obtained for this study from the Research Ethics Committee
of Aragon (Comité de Ética de la Investigación de la Comunidad Autónoma de Aragón (CEICA)). Patient
consent was waived due to anonymization.

A retrospective review of procedures performed under codes "OR_J4_" and "OR_K4_" defined as right and left
shoulder arthroscopy from 2016 to 2021 (using the International Classification of Diseases tenth edition
(ICD-10)) [6]; and from 1996 to 2015 under coding "80.21" defined as shoulder arthroscopy (using the
International Classification of Diseases ninth edition (ICD-9)) [7] was performed. The data were received in
an anonymized manner, by assigning a code to each patient so that they could not be identified and were
stored on a password-protected hard disk.

The 2021 population of the Aragon region was 1,331,938 inhabitants [8]. The region is divided into eight
health areas (Zaragoza I, Zaragoza II, Zaragoza III, Huesca, Teruel, Barbastro, Calatayud, and Alcañiz). The
population corresponding to each health area in 2021 was 198,320 inhabitants for Zaragoza I area, 392,177
inhabitants for Zaragoza II area, 312,217 inhabitants for Zaragoza III area, 114,845 inhabitants for Huesca
area, 77,353 inhabitants for Teruel area, 110,772 inhabitants for Barbastro area, 48,785 inhabitants for
Calatayud area, and 71,792 inhabitants for Alcañiz area [9]. The study included all subjects, residents and
non-residents in Aragon, who underwent shoulder arthroscopy surgery in all the hospitals of Aragon,
including both public and private funded hospitals. Patients from healthcare insurances General Mutual
Fund of Civil Servants of the State (MUFACE), General Legal Mutual Fund (MUGEJU), and the Social Institute
of the Armed Forces (ISFAS) were considered as privately funded.

The demographic variables requested were age, gender, and health area at the time of the intervention. The
clinical variables requested were the timeline of intervention, type of funding, procedure performed, main
diagnosis, length of stay, and number of readmissions in the subsequent 30 days for all causes associated
with the shoulder arthroscopic surgery.

Statistical analysis was performed using Statview-Statgraphics software 5.0.1 (Statgraphics Technologies,
Inc., The Plains, Virginia, United States). A basic descriptive analysis was performed. The normality of the
distribution was tested. The Chi-square test and Fisher's exact test were used to compare qualitative
variables. Analysis of variance (ANOVA), using Snedecor's F distribution, was used for comparison of
quantitative data. All data are presented as means, and deviations are presented as standard deviations (SD).
A p-value of 0.05 or less was considered a threshold for statistical significance.

Results
The total number of procedures recorded between January 1, 1996, and December 31, 2021, in Aragon for
both public and private funding was 17,938 arthroscopic shoulder surgeries. The overall number of
procedures performed between 1996 and 2021 increased by 360.66 times. A total of 9,985 of the 17,938
procedures were performed on male patients, the male/female ratio being 1.25. Figure 1 shows the total
annual procedures performed grouped by gender. Significant differences are summarized in Table 1. The
mean age of the patients at the time of the intervention was 44.3 (± 7.6) years in 1996, rising to 52.3 (± 13.2)
years in 2015 (p<0.001), whereas for the most recent period (2016-2021), there were no differences
(p=0.288). Total average length of stay decreased from 3.76 (±1.52) days in 1997 to 1.05 (±0.74) days in 2021,
as shown in Figure 2 (p<0.001).
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FIGURE 1: Sex distribution in the study period (1996-2021)

Parameters Private Funded Public Funded p<0.0001 Test values

Age (years), mean ± SD In 1996: 44.3 ± 7.6 In 2015: 52.3 ± 13.2 p-value
ANOVA F-Value
4.306

Age (years), 1996-2015, mean ± SD 50.32 ±20.65 51.9 ±13.89 <0.0001
ANOVA F-Value
26.634

Age (years), 2016-2021, mean ± SD 50.69 ±13.59 52.10 ±15.06 0.00017
ANOVA F-Value
14.16

Length of stay (days), mean ± SD In 1997: 3.76 ±1.49 In 2021: 1.05 ±0.75
9.51 ×
10⁻⁷⁶

ANOVA F-Value
396.71

Length of stay (days), 1996-2015, mean ± SD 1.49 ± 2.47 1.78 ± 1.20 <0.0001
ANOVA F-Value
84.145

Length of stay (days), 2016-2021, mean ± SD 1.21 ± 8,72 1.36 ± 4.97 0.658 ANOVA

Readmission rate, first 30 postoperative days,
1996-2015

0.16% (553 of 3550
patients)

0.1% (614 of 6237
patients)

3.85 ×
10⁻⁹  

Chi² = 38.75  

Readmission rate, the first 30 postoperative days,
2016-2021

0.15% (498 of 3245
patients)

0.06% (150 of 2426
patients)

1.04 ×
10⁻³⁴

Chi² =156.50  

Male%, 1996-2015
60.33% (2883 of 4779
patients)

51.14% (3288 of 6430
patients)

4.68 ×
10⁻²²

Chi² = 93.22  

Male%, 2016-2021
58.46% (2014 of 3445
patients)

53.46% (1328 of 2484
patients)

0.00014 Chi² = 14.46

TABLE 1: Summary of significant differences between public-funded and private-funded patients
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FIGURE 2: Mean length of stay (days) in 1997-2021

Depending on the different health areas, there were existing differences in the implementation of shoulder
arthroscopy, as shown in Figure 3. A greater number of shoulder arthroscopies were performed between
2001 and 2013 in the Zaragoza II, Teruel, and Zaragoza I areas. However, in the most recent years (2015-
2021), Zaragoza II, Zaragoza III, and Zaragoza I areas accumulated the highest number of shoulder
arthroscopic procedures, with a significant increase in the Zaragoza III area from 2013 onwards. An abrupt
decrease in activity occurred in 2020 due to the SARS-CoV-2 pandemic, with a subsequent recovery in 2021,
with the number of procedures returning to pre-pandemic levels. To contextualize these findings, the
number of procedures is shown in Figure 4 in relation to the population belonging to each health area,
expressed as the rate of shoulder arthroscopies per 100,000 inhabitants.

FIGURE 3: Differences in the implementation of shoulder arthroscopy in
the different health areas
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FIGURE 4: Rate of shoulder arthroscopies per 100,000 inhabitants in the
years 2009, 2015, and 2021

Regarding the type of funding of the interventions, procedures were more numerous in public-funded
hospitals from 1996 to 2012, with a reversal of the trend after that year, with private-funded hospitals
accounting for a greater number of interventions from 2013 to 2021, as shown in Figure 5. In total, 8,721
public-funded and 6,995 private-funded interventions were registered. Regarding the distribution by gender
according to the type of funding, between 1996 and 2015, 60.3% (2,883 patients) of the total number of
private-funded interventions were performed on male patients, whereas 51.14% (3,288 patients) of the total
number of public-funded interventions were performed on male patients (p<0.001). Since 2016,
58.46% (2,014 patients) of the total number of private-funded interventions were performed on male
patients, whereas 53.46% (1,328 patients) of the total number of public-funded interventions were
performed on male patients (p<0.001). The mean age of patients who underwent surgery between 1996 and
2015 was 50.32 (±20.65) years for private-funded patients, while standing at 51.9 (±13.89) years for public-
funded patients (p<0.001). The same tendency was observed since 2016, with the mean age being 50.69
(±13.59) years for private-funded patients and 52.10 (±15.06) years for public-funded patients
(p<0.001). Mean length of stay was 1.49 (±2.47) days for private-funded admissions versus 1.78 (±1.20) days
for public-funded admissions between 1996 and 2015 (p<0.001). Since 2016, there were no differences in
length of stay according to the type of funding, which was 1.21 (±8,72) days for private-funded admissions
and 1.36 (±4.97) for public-funded admissions (p=0.658). Of the total number of patients who underwent
surgery from 1996 to 2021, a small number required readmission during the first 30 postoperative days.
Readmission rate from 1996 to 2015 was higher in private-funded surgeries (553 readmitted patients of a
total of 3550 private-funded, 0.16%) compared to public-funded surgeries (614 readmitted patients of a total
of 6237 public-funded, 0.1%) (p<0.001). Readmission rate since 2016 was higher in private-funded surgeries
(498 readmitted patients of 3245, 0.15%) compared to public-funded surgeries (150 readmitted patients of
2426, 0.06%) (p<0.001). 
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FIGURE 5: Trends in number of procedures in public and private-funded
institutions during the study period (1996-2021)

Since 2016, according to the ICD-10, the most frequent main diagnosis in patients who underwent
shoulder arthroscopy were rotator cuff tears (2568 patients, 41.87%), shoulder instability (1174 patients,
19.14%), subacromial impingement syndrome (756 patients, 12.33%), adhesive capsulitis (703 patients,
11.46%), shoulder pain (380 patients, 6.21%), superior labral anterior posterior (SLAP) lesions (274 patients,
4.47%) and other shoulder injuries (278 patients, 4.45%).

Discussion
Shoulder arthroscopy is a recently implemented complex technique that requires specific training by the
orthopedic surgeon. To our knowledge, we did not find a study on the evolution of the implementation of
the shoulder arthroscopy technique. These findings from our study may inform policy decisions regarding
training allocation, regional resource distribution, and surgical capacity planning. Some authors have
described increases in the number of arthroscopic meniscectomies [3,4]. In our study, the total number of
procedures followed an upward trend over the years, confirming the trends observed in other joints [3],
reaching its peak in 2011. Using a national database of the United States, Ahmed et al. found that
arthroscopic Bankart procedures increased from 2009 to 2018, and the number of open Bankart procedures
decreased [10].

In our study, the different chronology in the implementation of shoulder arthroscopy according to health
areas, as well as the differences between public and private hospitals, are notable. Jain et al. found large
geographical variations among several states in the United States for knee arthroscopy (from 63.31 to 721.72
per 100,000 persons), shoulder arthroscopy (from 53.02 to 438.25 per 100,000 persons), and arthroscopic
rotator cuff repair (from 11.94 to 185.35) [5].

Saunders et al. surveyed the American Shoulder and Elbow Surgeons society members, and these surgeons
related regional disparity in perceived barriers to access for Medicaid health insurance program between the
South and the Northeast regions in regard to implant reimbursement at surgeons' primary surgical facility,
and this was perceived as a barrier to access in 30% more of the Southern respondents compared to
respondents from the Northeast [11]. Nevertheless, in our country, the public health system is free for all the
citizens and every regional área has a reference public hospital.

We found that in 2020, there was a downward spike in the total number of procedures performed due to the
COVID-19 pandemic; however, in 2021, the number of procedures recovered to 2019 levels. Morrisey et al.
reported that United States residents performed significantly fewer shoulder, wrist, knee, and leg/ankle
arthroscopies in academic year 2019-20 than in academic year 2018-19 [12].

There was an increase in the mean age of the patients at the time of intervention and a decrease in the mean
length of stay due to improvements in equipment, technique, surgeons' training, and a better knowledge of
postoperative evolution. The increase in the mean age may be related to the popularization of arthroscopy
and a more demanding elderly population in terms of physical well-being. A general decrease in the length
of stay has been observed in arthroscopic compared to open interventions in other joints [13,14].

Depending on the health areas, a different timeline in the implementation of shoulder arthroscopy was
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observed. Regarding the evolution of the rate of arthroscopies per 100,000 inhabitants, the Teruel area
suffered a sharp decrease, going from 165.1/100,000 in 2009 to 45.2/100,000 in 2021. On the other hand, the
Zaragoza I area experienced the largest increase from 64.1/100,000 in 2009 to 121.5/100,000 in 2021. These
changes could be due not only to the natural increase in the implementation of the technique but also to the
movement of orthopedic surgeons and management changes in the different health areas. Demographic
changes, only by themselves, do not justify such an abrupt difference in such a short period of time.

The results observed in terms of gender and mean age according to the type of funding could be conditioned
by the number of interventions carried out through private sports insurances from federations due to
sporting accidents, and the greater number of young male athletes. Differences in the mean length of stay
between public and private funded hospitals could be due to different protocols employed. Siciliani et al.
found that the specialised public treatment centres and private treatment centres have, on average, 18% and
40% shorter length of stay, respectively, compared with NHS public hospitals, and interpreted such
differences as because of efficiency as opposed to selection of less complex patients [15]. We have not found
any explanation for differences in readmission; it may be in relation to the shorter length of stay of private
centers. 

In our study, the proportion of procedures performed on male patients was higher; this could be because
factors such as physical activity, sport practiced, or professional occupation played an important role, and
the male sex has been associated with increased risk of shoulder-related injuries associated with sports and
trauma [16,17]. Data from the United States National Electronic Injury Surveillance System database
concluded that younger individuals and males showed greater sport-related injuries, while older populations
and females more commonly showed home-related injuries [18]. Nevertheless, some authors found that only
29.3% of the patients who were diagnosed with a primary rotator cuff injury in the New York Statewide
Planning and Research Cooperative System (SPARCS) from 2009 through 2018 underwent surgical
intervention, and female patients were associated with decreased odds of undergoing rotator cuff surgery
[19].

This study had a number of limitations. First, only the Aragon region was studied; demographic differences
may produce different results, making it possible that the same results were not obtained in other regions or
countries. Second, the ICD-9 classification system, used until 2015, provides less data in terms of
classification of diagnoses and procedures performed compared to ICD-10. In future years, homogeneous
use of ICD-10 could improve the reliability of the results. Although these limitations do not jeopardize the
validity of the study, it would be interesting in terms of perspective to verify these trends in other locations
and to extend them to a wider geography, confirming that shoulder arthroscopy is a surgeon-dependent
technique. It would be beneficial to promote the training of orthopedic surgeons in shoulder arthroscopy in
places where a deficit is detected, as well as to homogenize surgical indications. 

Conclusions
Shoulder arthroscopy did not follow the same evolution and timeline of implementation in all the health
areas of Aragon, experiencing significant decreases or increases in the same area. From 1996 to 2021,
the number of interventions increased by 360.6 times in the country, and the mean age increased from 44.3
years in 1996 to 52.3 years in 2015. Male patients accounted for 59.5% of private-funded and 51.8% of
public-funded operations. Mean length of stay decreased from 3.76 days in 1997 to 1.05 days in 2021, and
was higher for public-funded admissions compared to private-funded admissions.
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