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Abstr Act

Weightlifting is associated with a significant risk of shoulder 
injury. We used the National Electronic Injury Surveillance Sys-
tem (NEISS) database to identify patients presenting to U.S. 
emergency departments between 2000 and 2017 with weight-
lifting-associated shoulder injuries to determine how the health 
burden and demographic characteristics of these patients have 
changed over time. Our analyses demonstrated a significant 
increase in the national estimate of weightlifting-associated 
shoulder injuries between 2000 (N = 8.073; C.I. 6.309–9.836) 
and 2017 (N = 14.612; C.I. 12.293–16.930) (p < 0.001), with 
linear regression (R2 = 0.87, P < 0.001) projecting 22.691 na-
tional cases by 2030. Patients were most often males (83.3 %; 
C.I. 81.5–85.2 %) between 20–29 years of age (30.5 %; C.I. 
28.2 %–32.8 %) sustaining a sprain, strain, or muscle tear 
(65.1 %; C.I. 60.4–69.8 %). Additionally, the average age of in-
jury (34.33 years; C.I. 33.43–35.23 years) in the 2012–2017 
period was significantly higher than in prior periods (p < 0.001). 
We postulated these findings may reflect older individuals 
more frequently participating in resistance training than in the 
past, and considered that contemporary fitness trends such as 
CrossFit might have higher injury rates. We believe increased 
awareness of this burden, coupled with focus on injury preven-
tion strategies, could yield substantial national health and cost 
savings.

Introduction
In recent years, it has become increasingly evident that weightlift-
ing can yield numerous health benefits [1]. In addition to its role in 
reducing stress, weightlifting has been associated with health-pro-
moting effects such as decreased blood pressure, improved glu-
cose control, maintenance of bone mineral density, and resistance 
to adipose accumulation [2]. Impressively, weightlifting has also 
been shown to benefit both older adults and adolescents, two 
groups for which there was once reluctance in advising participa-
tion in resistance training. In older adults, resistance training has 
been specifically shown to help manage osteoarthritis; in adoles-
cents, improvements in motor skills and more healthful body com-
positions have similarly been reported [3, 4]. In part, this has led to 
a significant increase in its national popularity, with about 45 % of 
the population having reported that they participated in weight-
lifting in 2011 [5].

Nevertheless, weightlifting carries with it a significant risk of in-
jury that should not be overlooked [6]. In general, injuries can be 
categorized as musculoskeletal, neurologic, or cardiovascular; they 
are often associated with poor technique, fatigue, or an overzeal-
ous program of training [7]. Injuries most commonly occur in 
younger adult males secondary to losing control of free weights 
during exercise [6, 8]. Often times, the result is a sprain or strain, 
though more serious injuries – including fractures and dislocations 
– are regularly observed [6].

The most frequently injured anatomical region associated with 
weightlifting is the shoulder [9]. This is due in part to its impressive 
range of motion, which makes it more susceptible to instability [10]. 
In addition, high-intensity weightlifting forces the normally non-
weight bearing glenohumeral joint to endure a significant load, 
which can result in stress fractures, rotator cuff or labral injury, early 
cartilage wear, or muscle strain [11]. However, the epidemiology of 
shoulder injuries associated with weightlifting in the United States, 
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and how trends have evolved over time with shifting exercise hab-
its and training methodologies, is poorly characterized.

The purpose of this study is to estimate the national burden and 
demographic characteristics of patients presenting to emergency 
departments in the United States between 2000 and 2017 with 
shoulder injuries related to weightlifting. We then used this data 
to predict the estimated national burden of weightlifting-associ-
ated shoulder injuries between 2017 and 2030. We hypothesized 
that the total incidence of weightlifting injuries of the shoulder has 
increased significantly over time as the popularity of weightlifting 
has continued to rise.

Materials and Methods

Data sources
This study used the publicly available, deidentified Consumer Prod-
uct Safety Commission’s (CPSC) National Electronic Injury Surveil-
lance System (NEISS) to perform a retrospective, cross-sectional 
descriptive epidemiological study identifying cases of shoulder in-
juries associated with weightlifting (Product Code: 3265; “Weight 
Lifting (Activity, Apparel, or Equipment”). The CPSC webpage pro-
vides publicly available data collection methodologies and gener-
al information pertaining to this nationally representative proba-
bility sample of hospital emergency departments, which is further 
stratified by both hospital size and geographic location [12–14]. In 
this database, data from about 100 designated hospital emergen-
cy departments is entered daily; this sample serves as a probabil-
ity sample of all U.S. hospitals with emergency departments from 
which weighted national estimates may be derived.

Variables included in the NEISS database include: the date of 
treatment; the case record number; the age, gender, race and eth-
nicity of the patient; the injury diagnosis; the body part affected 
by the injury; disposition (treated and released, admitted, etc.); the 
product involved (if any) in the injury; the location where the inju-
ry occurred; whether fire or motor vehicles were involved in the in-
jury; whether the injury was work-related; whether the injury was 
intentionally inflicted; a narrative of the incident and scenario lead-
ing to the injury.

In this study, each yearly sample in the NEISS database was que-
ried between 2000 and 2017 for all injuries treated in the emer-
gency department. A total of 6 678 317 unique sample cases were 
identified, amounting to a weighted national estimate of 
245 885 512 cases during this period. Of these, we specifically iden-
tified all injuries of the shoulder associated with weightlifting; 5 609 
unique cases were observed in the database during this time, yield-
ing a total weighted estimate of 217 201 national cases presenting 
to U.S. emergency departments.

National estimates, standard errors, and 95 % confidence inter-
vals were derived using the svyset function in Stata/IC 15.1, ana-
lyzing data in one-year intervals [15] Significance of trends in the 
total national survey estimates were determined using adjusted 
Wald tests. P values < 0.05 (two-sided) were considered significant.

Sources of funding
This study received no external funding support, and was exempt 
from IRB review given the use of publicly available, deidentified 

data from a government website. We also confirm that we have 
read and understood the International Journal of Sports Medicine 
ethical standards document, and that our study meets the ethical 
standards of the journal [16].

Results
▶table 1 demonstrates a significant increase in the national esti-
mate of shoulder injuries associated with weightlifting presenting 
to United States emergency departments between 2000 (N = 8 073; 
C.I. 6 309–9 836) and 2017 (N = 14 612; C.I. 12 293–16 930) 
(p < 0.001). ▶table 2 further demonstrates that this increase oc-
curred at a faster rate than a parallel but less substantial rise in the 
total number of injuries due to any cause presenting to U.S. emer-
gency departments. Specifically, the percentage of these total vis-
its that were due to a weightlifting-associated shoulder injury rose 
significantly between 2000 (0.062 %; C.I. 0.049 –0.076 %) and 2017 
(0.099 %; C.I. 0.083–0.115 %) (p < 0.001). A linear regression model 
(R2 = 0.87, P < 0.001) was used in ▶Fig. 1 to illustrate this gradual 
increase over time, and extended to project 22 691 shoulder inju-
ries associated with weightlifting presenting to emergency depart-
ments in the United States by the year 2030.

The overall demographic characteristics of patients presenting 
to U.S. emergency departments weightlifting-associated shoulder 
injuries are detailed in ▶table 3. Nearly two-thirds of presenting 
patients sustained a sprain or strain, which included muscle tears 
(65.1 %; C.I. 60.4–69.8 %). Another 16.6 % (C.I. 11.5–21.6 %) were 
diagnosed with pain or general injury, while 9.3 % (C.I. 7.6–11.0 %) 
experienced a shoulder dislocation and 0.7 % (C.I. 0.4–1.1 %) a 
shoulder fracture. Furthermore, the majority of injuries occurred 
in those 10–19 years of age (19.2 %; C.I. 17.1–21.3 %), 20 to 29 
years of age (30.5 %; C.I. 28.2–32.8 %), and 30–39 years of age 

▶table 1 Weighted national estimates of shoulder injuries associated with 
weightlifting presenting to U.S. emergency departments, 2000–2017.

Year National weighted 
estimate of cases

standard 
error

95 % Confidence Interval

2017 14 612 1 167 12 293 – 16 930

2016 16 311 1 567 13 197 – 19 425

2015 15 553 1 505 12 563 – 18 543

2014 14 565 1 222 12 137 – 16 993

2013 14 963 1 341 12 298 – 17 627

2012 14 911 950 13 023 – 16 799

2011 13 739 1 375 11 006 – 16 471

2010 14 024 1 217 11 606 – 16 442

2009 13 359 1 401 10 576 – 16 142

2008 10 195 896 8 415 – 11 974

2007 11 080 863 9 365 – 12 795

2006 10 083 839 8 416 – 11 750

2005 8 014 801 6 422 – 9 606

2004 9 046 729 7 598 – 10 494

2003 9 933 996 7 954 – 11 912

2002 9 606 1 082 7 456 – 11 755

2001 9 137 995 7 161 – 11 113

2000 8 073 888 6 309 – 9 836
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(21.3 %; C.I. 19.9–22.7 %). Patients were most commonly white 
(45.8 %; C.I. 37.6–53.9 %) and male (83.3 %; C.I. 81.5–85.2 %), and 
nearly all were treated and released (98.6 %; C.I. 98.0–99.2 %) from 
the emergency department. Though 39.7 % (C.I. 33.4–46.0 %) of 
injuries occurred in an unknown location, 36.5 % (C.I. 32.0–40.9 %) 
occurred while participating in a sports setting, such as at a gym. 
▶ Fig. 2 further shows that the percentage of weightlifting-
associated shoulder injuries in school (p = 0.45) or unknown 

locations (p = 0.73) has not changed significantly across time. How-
ever, the percentage of these injuries occurring at home has de-
creased significantly (p < 0.001) between the 2000–2005 period 
(21.5 %; C.I. 15.5–27.5 %) and the 2012–2017 period (9.9 %; C.I. 
6.8–13.0 %); the percentage said injuries occurring in sports 
settings has correspondingly increased significantly from the 2000–
2005 period (26.0 %; C.I. 20.3–31.6 %) to the 2012–2017 period 
(42.7 %; C.I. 36.3–49.1 %).

▶table 2 Percentage of the total number of injuries presenting to U.S. emergency departments due to shoulder injuries associated with weightlifting, 
2000–2017.

Year National weighted estimate of U.s. 
ED visits due to weightlifting-
associated shoulder injuries

National weighted estimate of 
all injuries treated in U.s. EDs 
due to any cause

Percentage of U.s. ED visits due 
to weightlifting-associated 
shoulder injuries

95 % Confidence Interval

2017 14 612 14 727 704 0.099 % 0.083 % – 0.115 %

2016 16 311 14 319 418 0.114 % 0.092 % – 0.136 %

2015 15 553 14 132 697 0.110 % 0.089 % – 0.131 %

2014 14 565 13 860 971 0.105 % 0.088 % – 0.123 %

2013 14 963 14 033 745 0.107 % 0.088 % – 0.126 %

2012 14 911 14 614 128 0.102 % 0.089 % – 0.115 %

2011 13 739 14 162 084 0.097 % 0.078 % – 0.116 %

2010 14 024 14 694 928 0.095 % 0.079 % – 0.112 %

2009 13 359 13 966 898 0.096 % 0.076 % – 0.116 %

2008 10 195 13 456 353 0.076 % 0.063 % – 0.089 %

2007 11 080 13 232 338 0.084 % 0.071 % – 0.097 %

2006 10 083 13 232 263 0.076 % 0.064 % – 0.089 %

2005 8 014 12 608 693 0.064 % 0.051 % – 0.076 %

2004 9 046 13 096 983 0.069 % 0.058 % – 0.080 %

2003 9 933 12 720 947 0.078 % 0.063 % – 0.094 %

2002 9 606 12 790 786 0.075 % 0.058 % – 0.092 %

2001 9 137 13 310 088 0.069 % 0.054 % – 0.083 %

2000 8 073 12 924 488 0.062 % 0.049 % – 0.076 %
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▶Fig. 1 This figure demonstrates the historical (outlined, unfilled triangles) and projected (filled black triangles) weighted national estimates of 
shoulder injuries associated with weightlifting presenting to U.S. emergency departments, 2000–2030. Furthermore, the increased trend in injuries 
across years is demonstrated using a linear regression model (R2 = 0.87, P < 0.001). The regression shows that the national estimate of weightlifting-
associated shoulder injuries has been increasing gradually across time, at a rate of approximately 500 additional cases per year presenting to U.S. 
emergency departments. The regression model is then extended to the year 2030, to demonstrate that the national estimate of cases would 
approach twenty-five thousand cases per year by this time period.
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Lastly, ▶Fig. 3 demonstrates the average ages of those sustain-
ing shoulder injuries due to weightlifting and presenting to U.S. 
emergency departments across time, as well as weighted national 
estimates of these injuries during each period stratified by the fol-
lowing 3 age groups:  ≤  18 years of age, 19–64 years of age, and  ≥  
65 years of age. In the 2000–2005 period, the average age of inju-
ry was 30.93 years (C.I. 29.85–32.01 years), which was significant-
ly (p < 0.001) different from the average age of injury by the 2012–
2017 period (34.33 years; C.I. 33.43–35.23 years). The bar graph 
further shows that these increases in average age across time for 
those with weightlifting-associated shoulder injuries is being driv-
en largely by a significantly increasing injury burden in middle-aged 
patients (19–64 years of age) across periods (p < 0.001), and more 

recent increase (p < 0.01) in said injuries by older patients ( ≥  65 
years of age) between the 2006–2011 and 2012–2017 periods.

Discussion
Our findings are in accordance with our initial hypothesis that the 
national number of shoulder injuries associated with weightlifting 
presenting to United States emergency departments has increased 
significantly over time. In fact, annual estimates nearly doubled in 
recent history, rising from over 8,000 injuries per year in 2000 to 
about 15 000 in 2017. At this rate, the incidence of shoulder injury 
secondary to weightlifting is projected to rise by almost 10 000 
injuries per year by 2030. Moreover, the data was consistent with 

▶table 3 Overall demographics of patients presenting to U.S. emergency departments with shoulder injuries associated with weightlifting, 2000–2017.

Demographic variable National weighted estimates Percentage * sE 95 % Confidence Interval

Diagnosis

 Sprain or strain (including tears) 141 364 65.1 % 2.4 % 60.4 % – 69.8 %

 Pain or general injury 36 015 16.6 % 2.6 % 11.5 % – 21.6 %

 Dislocation 20 138 9.3 % 0.8 % 7.6 % – 11.0 %

 Fracture 1 577 0.7 % 0.2 % 0.4 % – 1.1 %

 Contusions 3 984 1.8 % 0.3 % 1.3 % – 2.4 %

 Other 14 122 6.5 % 0.8 % 4.9 % – 8.1 %

Age

 0–9 yrsa 276 0.1 %

 10–19 yrs 41 656 19.2 % 1.0 % 17.1 % – 21.3 %

 20–29 yrs 66 248 30.5 % 1.2 % 28.2 % – 32.8 %

 30–39 yrs 46 242 21.3 % 0.7 % 19.9 % – 22.7 %

 40–49 yrs 34 727 16.0 % 1.0 % 14.1 % – 17.9 %

 50–59 yrs 17 217 7.9 % 0.6 % 6.8 % - 9.1 %

 60–69 yrs 6 868 3.2 % 0.3 % 2.6 % - 3.8 %

 70–79 yrs 3 444 1.6 % 0.3 % 1.0 % – 2.2 %

 80 years or oldera 524 0.2 %

Sex

 Male 180 998 83.3 % 0.9 % 81.5 % - 85.2 %

 Female 36 132 16.6 % 0.9 % 14.8 % - 18.5 %

Race

 White 99 421 45.8 % 4.1 % 37.6 % - 53.9 %

 Black 36 555 16.8 % 2.9 % 11.0 % - 22.6 %

 Other 4 066 1.9 % 0.6 % 0.7 % - 3.1 %

 Hispanic 11 815 5.4 % 1.6 % 2.2 % - 8.7 %

 Race not specified 63 704 29.3 % 4.3 % 20.8 % - 37.9 %

Treated and released from ED 214 140 98.6 % 0.3 % 98.0 % - 99.2 %

Location

 Unknown 86 168 39.7 % 3.2 % 33.4 % - 46.0 %

 Home 32 984 15.2 % 2.0 % 11.3 % - 19.1 %

 School 11 923 5.5 % 0.6 % 4.2 % - 6.8 %

 Sports 79 178 36.5 % 2.2 % 32.0 % - 40.9 %

Legend: a - The estimate is considered to be potentially unstable due to the number of unweighted cases from the sample frame totaling < 2 0, the 
weighted national estimate totaling < 1 200, or coefficient of variation > 33 %. Therefore, no standard errors or confidence intervals are provided; the 
unstable percentage estimate is provided for reference purposes only, as is the weighted national estimate. Omitting certain variables with case 
totals < 20 and < 1 significant figure resulted in some totals < 100 %;  *  - Percentages are based on analyses of weighted national estimates (reported 
here), which allows for reliable and stable estimates. This is because injury cases have different statistical weights, such that raw numbers from the 
sample frame should never be used for comparative purposes; ED – Emergency Department; SE – Standard Error.
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prior epidemiological studies regarding weightlifting injuries. For 
example, Kerr et al. similarly queried the NEISS database 1990 to 
2007 for weightlifting-associated injuries presenting to United 
States emergency departments, and found that 82.3 % of patients 
were male and that the most common diagnosis was a sprain or 
strain (46.1 %) [6] Our study obtained comparable demographic 
results, though since our study was specific to shoulder injuries, 
reflected more sprains and strains (65.1 %). Importantly, we are the 
first to show that the average ages of patients presenting to U.S. 

emergency departments with weightlifting-associated shoulder 
injuries has steadily risen over time.

There are several explanations as to the observed increasing 
trend in both weightlifting-associated shoulder injuries and ages 
of injured patients. For example, there may be a greater pool of in-
dividuals participating in weightlifting today than in the past. Re-
cent trends in global exercise habits have demonstrated that more 
and more people are regularly incorporating strength training into 
their workouts, concordant with emerging evidence that it can yield 
health benefits for people of all ages [2, 4, 17]. As middle-aged and 
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▶Fig. 2 This bar graph shows the percentage of patients in a given year period sustaining a weightlifting-associated shoulder injury and presenting 
to a U.S. emergency department categorized by the location in which the injury occurred (Unknown Location – Outlined and Unfilled; School – 
Checkered Pattern; Sports – Filled Black; Home – Diagonal Black Stripes). Positive and negative error bars capture the 95% confidence interval for the 
derived percentage, based on national weighted estimates of cases and with standard error (SE) labels above said bars. Periods were grouped by 
six-year intervals for sufficient statistical power. The data table beneath represents the average percentage calculated, by location of injury and year 
period, corresponding to the graphical values above.
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▶Fig. 3 This bar graph shows the weighted national estimate of weightlifting-associated shoulder injuries presenting to U.S. emergency 
departments across time stratified by three separate age groups ( ≤ 18 years of age - Outlined and Unfilled; 19–64 years of age – Diagonal Black 
Stripes; ≥ 65 years of age – Filled Black), grouping periods by six-year intervals for sufficient statistical power. Positive and negative error bars capture 
the 95% confidence interval for the derived weighted estimate, with standard error (SE) labels above said bars. The data table beneath shows the 
national weighted estimate of the number of patients presenting to a U.S. emergency department with a weightlifting-associated shoulder injury 
stratified by these same age groups, and corresponding to the values in the graph above, for a given period. Then, the average ages during each year 
period (and 95% confidence intervals for the average age) of patients presenting to U.S. emergency departments with shoulder injuries associated 
with weightlifting are provided immediately above the columns for a given time period in text boxes.
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older adults continue to participate in resistance training and in-
crease the pool of at-risk individuals, they may also be raising the 
average age of injury higher over time, as was observed in the data. 
This is also possibly explained by many increasingly looking towards 
resistance training as a way to cope with rising levels of stress in so-
ciety [18, 19]. Given that many of these stressors have been iden-
tified as occurring in the workplace, this may select for older 
weightlifting participants aiming to improve their sense of wellbe-
ing [20, 21]. There may also have been changes in care-seeking be-
havior by injured individuals over time, prompting more patients 
to present to U.S. emergency departments with non-urgent inju-
ries resultant from training [22].

In contrast, other contemporary workout programs may carry 
a higher risk of injury. In particular, the newfound popularity of 
CrossFit, which has often been criticized for its extremes of exer-
cise methodology and dieting regimens, is frequently implicated 
in putting individuals at risk for shoulder injuries due to its empha-
sis on high-intensity overhead movements and proclivity for re-
cruiting untrained participants [23–28]. Group fitness classes have 
also grown in popularity among older individuals, and may incor-
porate resistance training [17]. With less individual supervision and 
instruction by trainers, participants may be at increased risk for in-
jury since fewer opportunities are afforded for correcting improp-
er form [29, 30]. This serves as another plausible explanation as to 
why the average age of weightlifting-associated shoulder injuries 
continues to rise, though the cause for this phenomenon are likely 
multifactorial.

Prevention strategies must be implemented to reduce the rate 
of weightlifting-associated shoulder injuries and the resultant na-
tional health burden. In most cases, injuries can be largely prevent-
ed by using proper exercise form, employing safe practices when 
using heavy weights, and training a variety of muscle groups to 
maintain overall soft tissue balance [31]. When injury does occur, 
a multitude of treatment options can be considered based on the 
severity of the soft tissue or bone damage. Mild injuries are often 
managed with conservative treatment, such as allowing time for 
rest and recovery, using anti-inflammatory medications, and mod-
ifying workouts to reduce further injury; if conservative treatment 
proves ineffective, surgical options including arthroscopy can re-
duce pain and greatly restore function to the shoulder [11, 31].

This study has several limitations related to the nature of the 
NEISS database. First, the data only reflects injuries that presented 
to United States emergency departments. Therefore, individuals 
who sustained injuries but presented first in an urgent care clinic 
or an alternative outpatient setting were not captured in our study. 
Thus, we consider our results to reflect conservative estimates of 
weightlifting-associated shoulder injury, capturing only those se-
vere enough that patients required emergency medical attention 
to manage their pain or dysfunction. Second, the NEISS database 
does not provide any cost data, making it impossible to accurately 
ascertain the national economic burden caused by weightlifting-
associated shoulder injuries. Given the variety of injuries and de-
mographic characteristics observed in our study, using cost multi-
pliers would most likely have resulted in an erroneous final cost  
estimate. In addition, the NEISS database does not provide infor-
mation on the type of exercise that resulted in the injury. These de-
tails may be sparsely provided in the narrative section, but their in-

consistent inclusion makes it a poor choice for identifying exercise 
characteristics associated with specific injuries. This would have al-
lowed for a much more clinically relevant analysis. Finally, longer 
term sequelae of weightlifting, especially rotator cuff tear and pre-
mature glenohumeral arthritis, were not included in the estima-
tion of injury prevalence, although the financial burden these con-
ditions incur is inordinate [32].

Weightlifting has established itself as a staple of health and well-
ness in recent years. The benefits of resistance training extend from 
adolescents to older adults, and manifest not only as enhanced 
physical strength but also improved mental health. Nonetheless, 
participation in weightlifting carries with it an inherent risk, espe-
cially to the shoulder, meriting furthered awareness of this subject 
given an increasing annual financial and emotional burden. Atten-
tion directed towards injury prevention strategies may yield sub-
stantial health and cost savings at the national level.
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