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Objective: To explore the geographical and temporal trends of traumatic shoulder dislocation, describe the association between the social and demographic factors and the health burden due to traumatic shoulder dislocation, and further investigate its causes.

Methods: Data on traumatic shoulder dislocation was collected from the Global Burden of Disease 2019, spanning the years 1990 to 2019. The epidemiology and disease burden were examined at global, regional, and national levels. Additionally, the age and gender patterns were analyzed, followed by an investigation into the primary causes. Lastly, the study studied the correlation between age-standardized rates and the socio-demographic index (SDI).

Results: Over a span of 30 years, both the crude and age-standardized rates of incidence and years lived with disability (YLDs) rates for all genders displayed a slight fluctuating downward trend. The incidence and YLDs rates in males were consistently higher than those in females. The study analyzed both incidence and YLDs rates of the global, regional, and national of traumatic shoulder dislocations from 1990 to 2019, as well as the temporal trends. Among males, the highest incidence rate was observed in young adulthood, while females exhibited the highest incidence rate in old age. This pattern was mirrored in the YLDs rate. Falls were identified as the main cause contributing to the disease burden related to traumatic shoulder dislocations. Moreover, a positive correlation was found between the age-standardized rates and SDI.

Conclusion: The disease burden of traumatic shoulder dislocation has not significantly decreased from 1990 to 2019. The incidence and YLD rates are associated with age, gender, and SDI. A thorough examination of the disease burden contributes to the efficient allocation and utilization of resources, as well as the development of targeted and effective intervention strategies.
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Introduction

Shoulder dislocation is a common site for joint dislocations (1–3). Hovelius (4) reported that up to 1.7% of adults in Sweden have experienced shoulder dislocation. The treatment for traumatic shoulder dislocation includes conservative treatment and surgical treatment. The main complications of traumatic shoulder dislocation are recurrent dislocation of the shoulder joint and arthritis (5). Studies have shown a recurrence rate of shoulder dislocation was 33% (6). A meta-analysis showed that among patients who received non-surgical treatment after their first traumatic shoulder dislocation, 53% experienced recurrent shoulder dislocations (7). In the average 15 years follow-up observation, 10.7% of patients developed moderate to severe arthritis, and if mild arthritis was included, the prevalence rate reached 44.6% (8). As the course of shoulder arthritis progresses, pain and reduced range of motion become important factors affecting patients’ daily work and life. As one of the most frequently used joints in the human body, the shoulder joint plays a crucial role in daily activities and quality of life. It is important to note that the high-risk population for shoulder dislocation is young patients (9), thus the impact should be carefully evaluated. Additionally, the personal and economic costs of shoulder dislocation are burdensome. Research showed that the average direct medical cost of treating shoulder dislocation was $612 (1), and the total expenditure (including indirect economic expenses) will be even higher.

Literature reports showed significant variation in the incidence rate, ranging from 8.2 to 26.2 per 100,000 (1, 9–15). Simonet et al. (10) reported an incidence rate of 8.2 per 100,000 for traumatic primary anterior shoulder dislocation in Olmsted County, Minnesota from 1970 to 1979. Kroner et al. (11) reported an overall annual incidence rate of 17 per 100,000 in Aarhus Borough, Denmark from 1980 to 1984. Nordqvist and Petersson (12) reported an incidence rate of approximately 23.9 per 100,000 for shoulder dislocation in Malmo, Sweden in 1987. In Taiwan, the annual incidence rate of shoulder dislocation from 2000 to 2005 was approximately 15.3 per 100,000 (1). According to reported data, the annual rate of closed reduction for anterior shoulder dislocation in Ontario, Canada, from 2002 to 2010, was 23.1 per 100,000 (13). Based on data from Oslo, Norway, the incidence rate for primary shoulder dislocation was approximately 26.2 per 100,000 in 2009 (14). A study based on the National Electronic Injury Surveillance System reported an incidence rate of 23.9 per 100,000 for shoulder dislocation from 2002 to 2006 in USA (9). An updated analysis of data from the National Electronic Injury Surveillance System by Patrick et al. (15) showed an incidence rate of 24.0 per 100,000 from 2012 to 2021 in USA.

The existing literature on the epidemiology of shoulder dislocation is limited to specific regions and has a limited timeframe. It also lacks a detailed analysis of the causes of injury and social demographic factors. Therefore, it is necessary to examine the epidemiology and disease burden of shoulder dislocation from a broader geographical and temporal perspective. This is important for the allocation and planning of healthcare resources, the formulation of public health policies, and the establishment of future development goals.

The aim of this study is to explore the geographical and temporal trends of traumatic shoulder dislocation, describe the association between the social and demographic factors and the health burden due to traumatic shoulder dislocation, and further investigate its causes.



Methods

The Global Burden of Disease (GBD) Study 2019 is a comprehensive scientific research conducted by the Institute for Health Metrics and Evaluation (16). Its main objective is to analyze the burden of disease, health loss, and risk factors. The data acquisition process is standardized and controllable, and the analysis is conducted rigorously and scientifically. The data collected by GBD is gaining recognition, and research articles utilizing GBD data are being published in high-quality journals (17–20). Significantly, GBD 2019 offers a unified data source obtained through a standardized estimation method, allowing for comparisons of epidemiology and disease burden across countries and territories globally. This database holds great importance as it provides evidence for identifying epidemiological patterns and evaluating health systems, thereby optimizing investments in research and development.

Three hundred sixty-nine causes of death or injuries and 87 risk factors across 204 countries and territories from 1990 to 2019 are evaluated by GBD 2019 (16). GBD 2019 follows the guidelines for Accurate and Transparent Health Estimation Reporting for Population Health Research. The GBD study used a model framework to calculate the burden caused by various diseases and injuries. Briefly, the process was as follows (16): firstly, raw data was obtained from sources such as community surveys, national surveys, monitoring data, outpatient and inpatient data, etc. Next, GBD adjusted the raw data by adding covariates and adjusting for factors such as cause of death and population statistics. The adjusted data was then analyzed and estimated using the Bayesian meta-regression tool DisMod-MR 2.1, as well as other modeling strategies. Subsequently, estimates of injury severity distribution, disability weights, and comorbidity corrections were performed to calculate the final burden estimates for each disease and injury by age, sex, year, and location. Data is accessed via the Global Health Data Exchange query tool.1

The socio-demographic index (SDI) is used to assess the development status correlated with health outcomes. SDI includes three indicators: total fertility rate of the population under 25 years old, average educational attainment of the population aged 15 and above, and per capita lag-distributed income. The range of SDI is from 0 to 1. A higher score indicates a higher level of theoretical development related to health. SDI serves as a fundamental tool that promotes evidence-based decision-making, policy formulation, and resource allocation. Its comprehensive nature enhances our understanding of the complex interplay between socio-economic and demographic factors, contributing to informed strategies aimed at achieving equitable and sustainable development worldwide. SDI, as a tool, has been widely recognized for its reliability and effectiveness (21–25). SDI data is publicly available via the Global Health Data Exchange Query Tool.2

Two hundred four countries and territories are divided into 21 GBD regions in GBD 2019.3 Population data is accessible to the public via a website.4

In this study, we collected data on traumatic shoulder dislocation from 1990 to 2019 from GBD 2019, including estimates of crude and standardized incidence and years lived with disability (YLDs), as well as a 95% uncertainty interval (UI). YLDs refers to the years of healthy life lost due to disability caused by traumatic shoulder dislocation, which is a measurement indicator of quality of life. The UI refers to the actual probability distribution around the true parameter values, obtained by sampling 1,000 times during the estimation process. The 95% UI was calculated according to the 2.5th and 97.5th ranked draws (16).


Statistical analysis

The epidemiology and burden of traumatic shoulder dislocation, including age, gender, and mechanism, were demonstrated at the global, regional, and national levels. The estimated annual percent change (EAPC) with a 95% confidence interval (CI) from 1990 to 2019 was calculated (26). A positive EAPC indicates an increasing trend, while a negative EAPC indicates a decreasing trend. Next, the age and gender patterns of traumatic shoulder dislocation were studied. Subsequently, main causes of traumatic shoulder dislocation were investigated. Finally, the Pearson correlation between age-standardized rates and SDI was calculated. p < 0.05 indicated a statistical significance. All statistical analyses and data visualizations were performed using R (version 4.2.2).




Results


The burden of traumatic shoulder dislocation at the global level

The burden of traumatic shoulder dislocation at the global level was reflected in Figure 1, both crude and age-standardized rates of incidence and YLDs in males were all higher than those in females. Over the course of 30 years, both crude and age-standardized rates of incidence and YLDs for all genders displayed a slight downward trend, accompanied by fluctuations.
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FIGURE 1
 Global trends of incidence (A) and YLDs rate (B) of traumatic shoulder dislocation by gender from 1990 to 2019. The bar graphs represent the crude rate, corresponding to vertical ordinate at left. The line graphs represent the age-standardized rate, corresponding to vertical ordinate at right. CIR, crude incidence rate; ASIR, age-standardized incidence rate; YLDs, years lived with disability; CYR, crude YLDs rate; ASYR, age-standardized YLDs rate.


In 2019, the global crude incidence rate of traumatic shoulder dislocation was 75.54 (95% UI 56.20–103.04) per 100,000 persons for both genders, 88.92 (95% UI 67.78–116.41) per 100,000 persons for males and 62.07 (95% UI 44.16–87.87) per 100,000 persons for females. The age-standardized incidence rate was 75.21 (95% UI 56.01–102.12) per 100,000 persons for both genders, 88.52 (95% UI 67.34–116.03) per 100,000 persons for males, and 61.29 (95% UI 43.34–87.53) per 100,000 persons for females in 2019.

Besides, in 2019, the crude YLDs rate was 0.70 (95% UI 0.19–1.38) per 100,000 persons for both genders, 0.82 (95% UI 0.21–1.61) per 100,000 persons for males, and 0.58 (95% UI 0.16–1.16) per 100,000 persons for females. The age-standardized YLDs rate was 0.69 (95% UI 0.18–1.38) per 100,000 persons for both genders, 0.81 (95% UI 0.21–1.60) per 100,000 persons for males, and 0.57 (95% UI 0.15–1.15) per 100,000 persons for females in 2019.



The burden of traumatic shoulder dislocation at the regional level

As shown in Supplementary Table S1, in 2019, Australasia [195.78 (95% UI 138.38 to 285.05)], Central Europe [164.46 (95% UI 117.55 to 232.88)] and Eastern Europe [150.91 (95% UI 109.05 to 208.1)] had the highest age-standardized incidence rate per 100,000 persons of traumatic shoulder dislocation. For comparison, Central Sub-Saharan Africa [39.29 (95% UI 29.79 to 53.01)], Oceania [44.47 (95% UI 31.81 to 63.68)] and Southern Sub-Saharan Africa [46.3 (95% UI 34.1 to 61.46)] had the lowest age-standardized incidence rate. Further, most regions had a decreasing trend, except for 5 GBD regions (North Africa and Middle East, Caribbean, East Asia, Australasia, and Oceania). Specifically, North Africa and Middle East had the highest increasing trend [EAPC 1.78% (95% CI 1.16 to 2.41)], while Eastern Sub-Saharan Africa had the highest decreasing trend [EAPC −2.94% (95% CI −4.17 to −1.69)].

Supplementary Table S2 summarized YLDs rates of traumatic shoulder dislocation at the regional level. Australasia [1.79 (95% UI 0.43 to 3.74)], Central Europe [1.5 (95% UI 0.37 to 3.08)] and Eastern Europe [1.38 (95% UI 0.32 to 2.82)] had the highest age-standardized YLDs rate per 100,000 persons. In contrast, Central Sub-Saharan Africa [0.36 (95% UI 0.09 to 0.71)], Oceania [0.41 (95% UI 0.1 to 0.82)], and Southern Sub-Saharan Africa [0.43 (95% UI 0.12 to 0.85)] had the lowest age-standardized YLDs rate. Moreover, most regions displayed a decreasing trend, except for 5 GBD regions (North Africa and Middle East, Caribbean, East Asia, Australasia, and Oceania). In particular, Eastern Sub-Saharan Africa had the highest decreasing trend [EAPC −2.96% (−4.2 to −1.71)], while North Africa and Middle East had the highest increasing trend [EAPC 1.8% (1.17 to 2.44)].



The burden of traumatic shoulder dislocation at the national level

Supplementary Table S3 showed that countries who had the highest age-standardized incidence rates per 100,000 persons in 2019 were Afghanistan [273.69 (95% UI 113.79 to 635.53)], Yemen [223.74 (104.73 to 482.89)] and New Zealand [222.54 (158.34 to 317.15)]. By contrast, Democratic People’s Republic of Korea [24.62 (95% UI 18.44 to 32.52)], Kiribati [29.47 (95% UI 21.28 to 40.56)] and Taiwan (Province of China) [30.16 (95% UI 22.15 to 41.47)] had the lowest age-standardized incidence rate. Furthermore, Liberia had the highest decreasing trend [EAPC −7.5% (95% CI −10.37 to −4.53)], while Syrian Arab Republic had the highest increasing trend [EAPC 10.69% (95% CI 7.07 to 14.44)].

As indicated in Supplementary Table S4, countries who had the highest age-standardized YLDs rates per 100,000 persons in 2019 were Afghanistan [2.55 (95% UI 0.55 to 7.01)], Yemen [2.07 (95% UI 0.45 to 5.69)] and New Zealand [2.03 (95% UI 0.48 to 4.12)]. In comparison, Democratic People’s Republic of Korea [0.23 (95% UI 0.06 to 0.46)], Kiribati [0.27 (95% UI 0.06 to 0.55)], and Taiwan (Province of China) [0.28 (95% UI 0.07 to 0.56)] had the lowest age-standardized YLDs rate. Furthermore, Lebanon had the highest decreasing trend [EAPC −7.5% (95% CI −10.37 to −4.53)], while Syrian Arab Republic had the highest increasing trend [EAPC 10.8% (95% CI 7.15 to 14.58)].

Further visualization of the results was presented in the form of a map, where colors corresponded to the values of the parameter being studied (Figure 2).
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FIGURE 2
 Global ASIR (A) and ASYR (B) of traumatic shoulder dislocation per 100 k population by country in 2019. EPAC of ASIR (C) and ASYR (D) of traumatic shoulder dislocation per 100 k population by country from 1990 to 2019. ASIR, age-standardized incidence rate; YLDs, years lived with disability; ASYR, age-standardized YLDs rate; EAPC, estimated annual percentage change.




Age and gender patterns of traumatic shoulder dislocation

The burden of traumatic shoulder dislocation in different genders and age groups between 1990 and 2019 was presented (Figure 3). The incidence rate among males peaked in the 20–24 age group, decreased thereafter, and then rose again around the age of 70. In contrast, the incidence rate among females reached its maximum in the 75 plus age group, significantly higher than other age groups (Figure 3A). The YLDs rate followed a similar trend as the incidence rate (Figure 3B). A comparison between 1990 and 2019 revealed a decrease in the overall burden of traumatic shoulder dislocation among younger individuals and an increase among older individuals.
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FIGURE 3
 Global incidence (A) and YLDs (B) rate of traumatic shoulder dislocation by age and gender in 1990 and 2019. YLDs, years lived with disability.




Leading causes of traumatic shoulder dislocation

Figure 4 presented the incidence and YLDs rate of traumatic shoulder dislocations for nine main causes categorized by gender and age. For the entire population, the top three leading causes of incidence (Figure 4B) and YLDs (Figure 4D) rate in 1990 were falls, conflict and terrorism, and road injuries. In 2019, the top three leading causes of incidence rate (Figure 4A) and YLDs (Figure 4C) rate were falls, road injuries, and exposure to mechanical forces. In 1990, the incidence and YLDs rate caused by falls were 38.38 (95% UI 22.19–62.22) and 0.35 (95% UI 0.09–0.76), respectively. In 2019, the incidence rate and YLDs rate caused by falls were 38.82 (95% UI 22.83–62.59) and 0.36 (95% UI 0.10–0.76), respectively. Falls, as the primary cause of injury, are particularly noteworthy among the older adult population, especially in females.
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FIGURE 4
 The incidence rate of the nine leading causes for traumatic shoulder dislocation in different age groups for males and females in 2019 (A) and1990 (B). The YLDs rate of the nine leading causes for traumatic shoulder dislocation in different age groups for males and females in 2019 (C) and 1990 (D). The nine leading causes are falls, conflict and terrorism, road injuries, other unintentional injuries, exposure to mechanical forces, animal contact, interpersonal violence, foreign body, environmental heat and cold exposure. YLDs, years lived with disability.




Correlation between age-standardized rate and SDI

Overall, a positive correlation existed between age-standardized rates and SDI for traumatic shoulder dislocations (Figure 5). From 1990 to 2019, a sigmoidal trend was observed in age-standardized rates of incidence (Figure 5A) and YLDs (Figure 5B) for traumatic shoulder dislocations across 21 GBD regions as SDI increased. Western Europe, High-income Asia Pacific, and High-income North America exhibited lower disease burden, which accounted for the inflection point in the fitted curve. At the national level in 2019, the trend became more gradual (Figures 5C,D). Notably, several countries and regions, such as Afghanistan, Yemen, and New Zealand, have significantly higher age-standardized rate than expected.
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FIGURE 5
 ASIR (A) and ASYR (B) of traumatic shoulder dislocation for 21 GBD regions by SDI from 1990 to 2019. ASIR (C) and ASYR (D) of traumatic shoulder dislocation for 204 countries and territories by SDI in 2019. The black line shows the trendline fit. The R- and p-values are calculated by Pearson’s correlation analysis. ASIR, age-standardized incidence rate; YLDs, years lived with disability; ASYR, age-standardized YLDs rate; SDI, sociodemographic index.





Discussion

Based on the global geographical regions and a three-decade time span, this study provides the latest, comprehensive, and systematic knowledge of the epidemiology and disease burden of traumatic shoulder dislocations. These findings can assist in data-driven healthcare policy-making and healthcare practices. The study presented the incidence and YLDs rates of traumatic shoulder dislocations at the global, regional, and national levels from 1990 to 2019, along with the temporal trends. Furthermore, the incidence and YLDs rates of traumatic shoulder dislocations were influenced by age, gender, and SDI. The incidence rate among males reached its peak in young adulthood, while females had the highest incidence rate in old age. The YLDs rate followed a similar pattern as the incidence rate. Overall, the burden of traumatic shoulder dislocation decreased among younger individuals and increased among older individuals between 1990 and 2019. Additionally, falls were the primary cause of the disease burden associated with traumatic shoulder dislocations. Lastly, there was a positive correlation between SDI and both age-standardized incidence and YLD rates.

Despite changes in production and lifestyle, as well as advancements in technology and medicine, the incidence and YLDs of traumatic shoulder dislocation did not significantly decrease. The disease burden among the older adult was rising while it was declining among young people. This implies that with the increasing aging population, traumatic shoulder dislocation is becoming a greater health burden. Additionally, the global distribution of traumatic shoulder dislocation is uneven, which may be related to different lifestyles, socioeconomic levels, climate, and geographic features. To note, Australasia, Central Europe, and Eastern Europe had a high disease burden and require considerable attention.

Exploring age and gender differences among traumatic shoulder dislocation patients can help determine which individuals will benefit from additional attention and care. This study found that the overall incidence rate in males was significantly higher than in females. Additionally, males and females demonstrated different epidemiological patterns. The incidence rate among males peaked in the age group of 20–24 and then decreased, with another increase around the age of 70. In females, the incidence rate was highest in the age group over 75, significantly higher than in other age groups. The trend in YLDs rate was similar to the incidence rate. Several epidemiological studies have shown a higher proportion of males compared to females in the distribution of shoulder dislocation (2, 4, 9–15, 27). The male–female pattern observed by Hindle et al. (28) was similar to ours. Patrick et al. (15) found the highest incidence rate in males aged 15–20. In contrast, females experienced relatively consistent rates of dislocation throughout their lives. After the age of 63, the incidence rate of dislocation in females was higher than in males (15). Studies conducted by Leroux et al. (13) and Shah et al. (27) were similar to this finding. Nabian et al. found that the incidence rate peaked in males at ages 21–30 and then rapidly declined, while it consistently remained low in females (2). Liavaag et al. (14) discovered a peak incidence rate among males aged 20–29, as well as an upward trend in incidence rates for both males and females in older age groups.

Men, especially young men, had a higher disease burden, which may be due to their greater participation in high-intensity and high-risk physical activities. The incidence of shoulder dislocation in the U.S. military population was much higher compared to the general population, with a total incidence rate of 169/100000 (29). The strength of Owens et al. study lies in its large cohort consisting of physically active individuals and the use of standardized databases, which may represent the population regularly engaged in sports and exercise. Older women were another major risk group for shoulder dislocation. Age-related muscle loss increases reaction time, leading to functional impairments and an increased risk of falls (30, 31). Importantly, the age-related changes may vary between genders (32, 33). The above survey results indicate the need for greater attention to these specific populations. In addition, interventions and preventive strategies targeting high-risk groups are advisable.

Zacchilli et al. (9) reported that falls were the most common cause of shoulder dislocation, accounting for 58.8% of cases. In Nordqvist et al. (12) study, falls were the most common cause of shoulder dislocation, with indoor falls accounting for 62.5% of cases in the population aged 65 and above. Yeap et al. (34) found that the most common mechanisms of injury were falls and direct impact. Direct collisions or falls onto the shoulder accounted for the most common cause of initial dislocations (55%). Our study found similar results, with falls being the primary cause of traumatic shoulder dislocation. It is particularly important to note that falls leading to traumatic shoulder dislocation were particularly severe in the older adult, especially in women. It can be expected that with the arrival of an aging population, the incidence of traumatic shoulder dislocation among the older adult will continue to increase, posing higher demands on future healthcare services. Falls in the older adult are a significant public health issue (35, 36). Enhancing preventive measures to ensure safety at home for the older adult should be given great attention. Hospitals, communities, and care institutions need to work together to implement a comprehensive and systematic strategy to prevent falls among the older adult and the potential consequent injuries (37–39).

Several studies have shown a clear association between SDI and orthopedic diseases, such as osteoarthritis (21), rheumatoid arthritis (22), fractures (23, 24), and osteoporosis (25). Similarly, we found some associations between traumatic shoulder dislocation and SDI. Possible explanations for this phenomenon may be complex. Theoretically, people in high SDI countries often have access to high-quality healthcare services and longer life expectancies. Therefore, this disease imposes a heavier burden on society. Additionally, universal health coverage in high SDI countries may contribute to proactive detection of shoulder dislocation cases. The association with SDI provides evidence for establishing precise strategies for prevention and management of shoulder dislocation at the national level. Economic conditions have been found to be related to the incidence rate of joint dislocations (28). The incidence rate was high among both the wealthiest and poorest populations (28). Wealthy individuals are more capable of affording relatively higher medical expenses, allowing them to seek timely and early medical consultations and treatments. Individuals in an economically disadvantaged position are more likely to engage in hazardous work and face an increased risk of traumatic shoulder dislocations.


Limitations of this study

There are several limitations to our research findings that need to be mentioned. Firstly, the accuracy of the results is related to the quality and quantity of representative studies included in GBD 2019. For example, lower-SDI countries tend to lack high-quality research. Besides, different data sources and statistical methods across different countries and regions may introduce biases. Secondly, GBD 2019 only provides data at the national level, making it impossible to obtain data for different regions within a country. Therefore, caution should be exercised when extrapolating the results to subnational levels. Thirdly, no distinction is made between different types of traumatic shoulder dislocations. As a result, we are unable to study subtypes of traumatic shoulder dislocation in depth. Fourthly, patients with shoulder dislocation may experience spontaneous reduction, which may lead to underestimation of the true incidence. Finally, estimations of multiple injuries or combined injuries may be subject to bias. GBD 2019 has developed an injuries severity hierarchy, which selects the injury nature category that may cause the greatest burden in cases of multiple injuries.




Conclusion

The disease burden of traumatic shoulder dislocation has not significantly decreased from 1990 to 2019. The incidence and YLD rates are associated with age, gender, and SDI. A thorough examination of the disease burden contributes to the efficient allocation and utilization of resources, as well as the development of targeted and effective intervention strategies.
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