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Introduction

In the United States, New York City (NYC) was the initial 
epicenter of the COVID-19 pandemic, which significantly 
impacted physician roles, hospital policies, and social 
interactions.1,2 Due to the closure of schools and public 
recreation spaces, the pediatric population was particularly 
impacted by the pandemic in multiple facets of their health 
and development.3–5 The objective of the current study is 
to assess the epidemiology of pediatric trauma and fracture 
cases in a high-volume teaching hospital in NYC before, 
during, and after the height of the COVID-19 outbreak.

Prior studies on the impact of the pandemic on orthopedic 
workload and injuries have shown an expected general 

reduction in not only orthopedic care as a whole6,7 but also 
pediatric trauma and fracture rates3,8,9 along with signifi-
cantly decreased emergency department (ED) utilization 
for pediatric orthopedic care.10,11 Moreover, one study 
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noted that pediatric trauma made up a significantly larger 
proportion (>25%) of pediatric ED visits during the  
pandemic.12 Studies have also provided insight into mech-
anisms of injury during the pandemic and have reported 
decreased proportions of traumas due to multiple etiologies, 
including motor vehicle collisions, playground/public 
space injuries, and athletics injuries.3,8,9 Finally, there has 
also been a noted increase in domestic injuries contributing 
more substantially to pediatric trauma during the pandemic 
and potentially increased the rates of child abuse.13–15

While the above literature has shown many differences 
in pediatric orthopedic trauma during the peak of the 
COVID-19 pandemic, few studies have followed these 
trends beyond the height of the outbreak. A paucity of  
longitudinal analyses makes it somewhat difficult to guide 
critical resource allocation and planning for future vari-
ants and outbreaks. Therefore, this study analyzes patient 
demographics, trauma and fracture characteristics, and 
healthcare utilization patterns to better understand the 
long-term impacts of the COVID-19 pandemic on the 
NYC population. In addition, spatial mapping analysis is 
used to identify patient neighborhoods variably impacted 
by COVID-19. We hypothesized that, similar to prior lit-
erature, trauma and fracture volume reduced during the 
peak pandemic in NYC and that this reduction persisted 
beyond social distancing restrictions.

Materials and methods

Study design and patient cohort

Our institutional review board approved this retrospective 
cohort study using institutional data. Institutional records 
were queried to identify pediatric patients (age 0–17 years) 
diagnosed with a trauma event using International Classi-
fication of Diseases 10th Edition (ICD 10) codes S00.
XXXX–S99.XXXX in either the ED or outpatient (OP) 
setting between January 1, 2018 and November 30, 2021. 
Patients were divided into multiple cohorts based on the 
date of presentation. The peak pandemic cohort (peak PC; 
April 1–June 22, 2020) aligned with the closing and reopen-
ing of playgrounds/recreational areas in NYC. The pre-
pandemic cohort (pre-PC; April 1–June 22 in 2018 and 
2019) and post-peak pandemic cohort (post-peak PC; April 
1–June 22, 2021) were used as comparison groups. In addi-
tion, trauma cases beyond June 22, 2020 were broken into 
3-month intervals (i.e. July 1–September 30, 2020) ending 
in November 2021. These cohorts were each compared to 
the respective pre-pandemic period (i.e. July 1–September 
30, 2020 versus July 1–September 30 in 2018 and 2019).

Data collection and variables

The initial dataset included all encounters, including initial 
and follow-up visits, matching the trauma event ICD-10 
codes for the time period. To account for follow-up visits 

for the same presenting injury while including separate 
injuries, encounters with the same diagnosis code for a 
single patient that occurred within 90 days were counted as 
a follow-up rather than initial encounter. This attempts to 
condense multiple follow-up visits into a single encounter. 
The variables collected for analysis included the ICD-10 
code, primary diagnosis, type of injury (crushing, dis-
location/sprain, fracture, intracranial, muscular/tendon/
ocular/orbital, open, superficial, unspecified), body region 
(abdomen/low back/pelvis, ankle/foot/toes, elbow/fore-
arm, head/neck, hip/thigh, knee/lower leg, shoulder/upper 
arm, thorax, and wrist/hand/fingers), date of admission, 
care type (ED versus OP), age, acuity if ED encounter 
(immediate, emergent, urgent, less urgent, and non-urgent), 
and residential zip code. Fracture events were identified 
and further classified by fracture type, region, bone, and 
laterality. Rate variables for weekly fracture and traumas 
were determined using the total number of encounters 
within each category in a calendar week, which were then 
aggregated to the average weekly trauma/fracture rate for 
each 3-month period.

Spatial mapping

Zip codes for each unique encounter were mapped on a zip 
code boundary shapefile for NYC from NYC OpenData.16 
Residential zip codes linked to each unique encounter that 
were outside of the NYC limits, such as patients from 
other states who presented to a hospital within the institu-
tion network in NYC, were not included in the spatial 
mapping. Choropleth maps were created for the pre-PC, 
peak PC, and post-peak PC using five equal breaks 
between the maximum and minimum range across the 
three time periods. Maps showing median household 
income and ED versus OP presentation were visually com-
pared between the three time periods. Median household 
income (Source code: B19013) for five-Digit ZIP Code 
tabulation area was collected from the 2021 American 
Community Survey: 5-year (2017–2021) data via IPUMS 
NHGIS.17

Statistical analysis

Data were compared between the pre-PC, peak PC, and 
post-peak PC. Descriptive and comparative statistics were 
analyzed for all encounters. Univariable analysis of cate-
gorical data was performed using a chi-square test, while a 
two-sample t-test was used for continuous data. Statistical 
significance was set to a p-value less than 0.05.

Results

Demographics

This study identified 51,178 total initial pediatric encoun-
ters with a trauma diagnosis from January 1, 2018 to 
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November 30, 2021. The peak PC (April 1–June 22, 2020, 
n = 828) was significantly younger (6.0 (2.0–12.0) versus 
9.0 (4.0–13.0) years, p < 0.01) and had significantly more 
female patients (45.5% versus 42.1%, p = 0.04) compared 
to the pre-PC (April 1–June 22 in 2018 and 2019, n = 6770). 
However, the post-peak PC (April 1–June 22, 2021, 
n = 2509) was similar in age to the pre-PC (p = 0.91) and 
had no difference in patient sex (p = 0.11). Complete demo-
graphic data can be seen in Table 1.

Trauma characteristics

With respect to trauma encounters, there was a significant 
72% decrease in traumas per week in the peak PC com-
pared to the pre-PC (79.7 traumas/week ± 27.3 versus 
288.0 traumas/week ± 39.2, p < 0.01) (Figure 1). There 
were also significant decreases to the proportion of dislo-
cations/sprains (8.7% versus 15.5%, p < 0.01) and unspec-
ified traumas (16.1% versus 21.2%, p < 0.01) while there 
were significantly more fractures (24.4% versus 18.3%, 
p < 0.01) and open wounds (22.5% versus 17.0%, p < 0.01) 
between the peak PC and pre-PC. A smaller proportion  
of trauma patients initially presented to the ED during  
the peak pandemic (43.5% versus 53.1%, p < 0.01), but 
the ED presentations were more likely to be “Urgent,” 
“Emergent,” or “Immediate” (50.9% versus 44.6%, 
p = 0.03) than the pre-PC. Trauma patients in the peak PC 
were also more likely to attend a follow-up appointment 
for their initial injury in either the ED or OP setting than 
the pre-PC (20.4% versus 14.3%, p < 0.01).

Many of the changes observed for peak PC versus 
pre-PC persisted when comparing the post-peak PC to the 
pre-PC, including decreased trauma rates (214.0 traumas/
week ± 32.2 versus 288.0 traumas/week ± 39.2, p < 0.01), 
a smaller proportion of patients initially presenting to  
the ED (50.3% versus 53.1%, p = 0.02), ED cases being 
more likely to have acuity of “Urgent,” “Emergent,” or 
“Immediate” (55.7% versus 44.6%, p < 0.01), and more 
patients attending a follow-up appointment for their initial 

encounter in either the ED or OP setting (20.6% versus 
14.3%, p < 0.01). The post-peak PC also observed more 
fracture injuries (21.6% versus 18.3%, p < 0.01) and less 
superficial (17.1% versus 19.6%, p < 0.01) and unspeci-
fied traumas (16.6% versus 21.2%, p < 0.01) compared to 
the pre-PC. Complete trauma characteristic data can be 
found in Table 2.

Fracture characteristics

For solely fracture encounters, the peak PC saw a 62% 
decrease in fracture rates compared to the pre-PC (19.9 ±  
8.4 fractures/week versus 52.5 fractures/week ± 12.7, 
p < 0.01). However, a significantly lower proportion of 
peak PC fractures initially presented to the ED (37.6%  
versus 45.4%, p = 0.04) but there was no difference in the 
proportion of fractures that patients attended a follow-up 
visit for (p = 0.42). In addition, the only body region that 
had a significantly different proportion of fractures was  
the wrist/hand/fingers (11.9% peak PC versus 23.3% pre-
PC, p < 0.01) and there was no significant difference in 
laterality of fractures between the two cohorts (p = 0.52). 
However, the most commonly fractured bones did change 
from pre-PC to peak PC. While the radius was consistently 
the most fractured bone (22.8% peak PC versus 21.8% 
pre-PC, p = 0.75), the peak PC had a significantly greater 
proportion of tibia fractures (10.4% versus 5.0%, p < 0.01) 
and significantly less hand phalanx fractures (5.0% versus 
16.3%, p < 0.01). The top five most commonly fractured 
bones for both groups also included the humerus (15.8% 
peak PC versus 12.7% pre-PC, p = 0.21) and clavicle (8.4% 
peak PC versus 5.7% pre-PC, p = 0.14).

The only change noted above that persisted for the post-
peak PC was the decreased fracture rate compared to the 
pre-PC (46.7 fractures/week ± 10.0 versus 52.5 fractures/
week ± 12.7, p < 0.01). A similar proportion of the post-
peak PC initially presented to an ED with a fracture 
(p = 0.41) and attended a follow-up appointment for their 
fracture (p = 0.19) as the pre-PC. There were also no 

Table 1. Demographics.

Demographics Pre-pandemic April–June
(N = 6770)

Peak pandemic April–June
(N = 828)

Post-peak pandemic April–June
(N = 2509)

Median age (Q1–Q3) 9.0 (4.0–13.0) 6.0 (2.0–12.0)** 9.0 (4.0–14.0)
Age groups (years) ** †

0–5, N (%) 2040 (30.1) 394 (47.6) 793 (31.6)
6–11, N (%) 2250 (33.2) 214 (25.8) 727 (29.0)
12–17, N (%) 2480 (36.6) 220 (26.6) 989 (39.4)
Gender *  
Male, N (%) 3899 (57.6) 444 (53.6) 1489 (59.3)
Female, N (%) 2847 (42.1) 377 (45.5) 1008 (40.2)

*denotes if pre versus peak p-value is < 0.05.
**denotes if pre versus peak p-value is < 0.01.
†denotes if pre versus post p-value is < 0.05.
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Figure 1. Trauma and fracture rates over 3-month intervals.
*Traumas per week value is significantly different from the corresponding pre-pandemic value.
**Fractures per week value is significantly different from the corresponding pre-pandemic value.

Table 2. Trauma characteristics.

Trauma characteristic Pre-pandemic April–June
(N = 6770)

Peak pandemic April–June
(N = 828)

Post-peak pandemic April–June
(N = 2509)

Mean traumas/week ± SD 288.0 ± 39.2 79.7 ± 27.3** 214.0 ± 32.2††

Trauma type, N (%)  
 Crushing injury 41 (0.6) 5 (0.6) 18 (0.7)
 Dislocation/sprain 1046 (15.5) 72 (8.7)** 382 (15.2)
 Fracture 1241 (18.3) 202 (24.4)** 543 (21.6)††

 Intracranial injury 177 (2.6) 14 (1.7) 62 (2.5)
 Muscular/tendon injury 171 (2.7) 14 (1.7) 62 (2.5)
 Ocular/orbital injury 137 (2.0) 22 (2.7) 48 (1.9)
 Open wound 1151 (17.0) 186 (22.5)** 466 (18.6)
 Superficial injury 1327 (19.6) 166 (20.0) 429 (17.1)††

 Unspecified 1434 (21.2) 133 (16.1)** 416 (16.6)††

Initial presentation
 ED, N (%) 3595 (53.1) 360 (43.5)** 1261 (50.3)†

 OP, N (%) 3116 (46.0) 452 (54.6)** 1221 (48.7)†

Acuity if ED, N (%) * ††

 Immediate 5 (0.1) 0 (0.0) 3 (0.2)
 Emergent 213 (5.9) 19 (5.3) 72 (5.7)
 Urgent 1389 (38.6) 164 (45.6) 628 (49.8)
 Less urgent 1887 (52.5) 175 (48.6) 528 (41.9)
 Non-urgent 78 (2.2) 2 (0.6) 17 (1.3)
Required follow-up, N (%) 965 (14.3) 169 (20.4)** 516 (20.6)††

*denotes if pre versus peak p-value is < 0.05.
**denotes if pre versus peak p-value is < 0.01.
†denotes if pre versus post p-value is < 0.05.
††denotes if pre versus post p-value is < 0.01.
Note: For level of acuity, chi-square analysis was performed on the sum of immediate, emergent, and urgent versus the sum of less urgent and non-urgent.
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significant differences in the proportion of body regions 
that were fractured or laterality of fractures (p = 0.41). The 
most commonly fractured bones for the post-peak PC had 
the same top five (radius 24.1%, hand phalanges 15.3%, 
humerus 11.2%, clavicle 5.7%, and tibia 5.2%) and had no 
significantly different proportions as the pre-PC. Complete 
fracture data can be seen in Table 3.

Spatial analysis

Specific zip codes belonging to each NYC bureau (Bronx, 
Brooklyn, Manhattan, Queens, and Staten Island) are  
displayed in Figure 2. We visualized the proportion of 
cases in each zip code initially presenting to an ED versus 
OP setting in the pre-PC, peak PC, and post-peak PC in 

Table 3. Fracture characteristics.

Fracture characteristic Pre-pandemic April–June
(N = 1241)

Peak pandemic April–June
(N = 202)

Post-peak pandemic April–June
(N = 543)

Mean fractures/week ± SD 52.5 ± 12.7 19.9 ± 8.4** 46.7 ± 10.0††

Initial presentation, N (%)
 ED 563 (45.4)  76 (37.6)* 235 (43.3)
 OP 651 (52.5) 117 (57.9) 302 (55.6)
Follow-up
 Required follow-up, N (%) 607 (48.9) 105 (52.0) 284 (52.2)
 Mean no. of follow-ups ± SD  1.1 ± 1.7  1.4 ± 1.9  1.1 ± 1.7
Laterality, N (%)
 Right 550 (44.4)  83 (41.1) 228 (42.0)
 Left 585 (47.1)  98 (48.5) 265 (48.8)
 Unspecified  59 (4.8)  10 (5.0)  23 (4.2)
 N/A  47 (3.8)  11 (5.4)  27 (5.0)

*denotes if pre versus peak p-value is < 0.05.
**denotes if pre versus peak p-value is < 0.01.
††denotes if pre versus post p-value is < 0.01.

Figure 2. NYC bureaus distribution by zip code.
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Figures 3–5, respectively. These maps were visually com-
pared to a map of median household income in each zip 
code seen in Figure 6. Notably, while the mean percentage 
of fracture cases initially presenting to an ED dropped, the 
decrease is not uniform across the city with multiple zip 
clusters in Brooklyn, Queens, Lower Manhattan, and the 
Bronx with equal or higher rates of ED presentation com-
pared to pre-pandemic. In the post-peak pandemic period, 
ED presentation rates for fractures had a similar spatial 
homogeneity as the pre-pandemic period, with a non-sig-
nificant lower proportion of ED presentations.

Discussion

Literature has consistently shown that the COVID-19 
pandemic and the policies enacted to mitigate its spread 
both directly and indirectly affected people’s health.11,18,19 
While many of these policies have been phased out and 
much of the general public have reverted to their pre-
pandemic routines, it is yet to be determined whether the 
previously noted changes to health outcomes have per-
sisted or similarly reverted. This study functions to ana-
lyze the epidemiology of pediatric trauma in an urban 
area before, during, and after the COVID-19 pandemic to 
understand its short and long-term effects on pediatric 
orthopedics. We found a significant reduction in the vol-
ume of pediatric traumas and fractures that has continued 
through at least 12 months post-peak pandemic, and shifts 
in the types of traumas sustained and varying impacts of 

the pandemic on neighborhoods in NYC with different 
socioeconomic resources.

As the COVID-19 pandemic significantly impacted 
peoples’ ability to engage in their typical activities, namely 

Figure 3. Spatial analysis of fracture presentation by zip code 
in NYC before the COVID-19 pandemic.
Legend: Zip code color represents the percentage of all fractures 
within a specific time frame that initially presented to the ED versus an 
OP office. Represents the pre-PC (April–June 2018 and 2019).

Figure 4. Spatial analysis of fracture presentation by zip code 
in NYC during the COVID-19 pandemic.
Legend: Zip code color represents the percentage of all fractures 
within a specific time frame that initially presented to the ED versus an 
OP office. Represents the peak PC (April–June 2020).

Figure 5. Spatial analysis of fracture presentation by zip code 
in NYC after the COVID-19 pandemic.
Legend: Zip code color represents the percentage of all fractures 
within a specific time frame that initially presented to the ED versus an 
OP office. Represents post-peak pandemic (April–June 2021).
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exercise and recreational activity, it makes sense that  
certain demographics may have been less susceptible to 
injury. Previous research has shown that younger children 
sustained a larger proportion of injuries during the pan-
demic, as adolescents were unable to partake in activities 
setting them up for injury.3 We found a similar trend, as 
trauma patients in the peak PC were approximately 3 years 
younger and the majority of traumas occurred in the 0- to 
5-year-old age group. However, both of these changes 
reverted to pre-pandemic values. In addition, males have 
been shown to be more likely to sustain traumatic injuries 
especially in the 10- to 19-year-old age range.20 Studies 
have proposed this may be due to higher sports partici-
pation and sex-related differences in activity and risk- 
taking.21,22 Therefore, the cancelation of recreational and 
organized athletics is likely contributing to our observed 
increase in the proportion of female trauma patients com-
pared to the pre-PC, which is further supported by the 
post-peak PC having no differences in age or sex distribu-
tion when compared to the pre-PC.

However, not all of the observations noted for the peak 
PC returned to their pre-pandemic levels. Like multiple 
studies have previously noted,3,8,9 we observed a signifi-
cant decrease in both overall trauma and fracture rates dur-
ing the height of the pandemic. We also found that trauma 

patients presenting during the peak pandemic were signifi-
cantly more likely to be graded as “urgent,” “emergent,” or 
“immediate” need for treatment when presenting to an ED, 
which is consistent with prior literature.23,24 Furthermore, 
the proportion of fractures and open wounds, which we 
typically imagine as more serious injuries, drastically 
increased while dislocations and sprains, which often 
require less invasive management, decreased in the peak 
PC. Similarly, patients with fractures who presented dur-
ing the peak pandemic were much less likely to have fin-
ger fractures and more likely to have tibial fractures. All of 
these etiologies of increased injury severity in the peak PC 
are likely explained by the public’s fear of contracting 
COVID-19 in overwhelmed EDs and public health advice 
to avoid EDs unless absolutely necessary.25,26 Therefore, 
less serious injuries likely either went to an OP office 
instead, which we directly observed in this study, or 
delayed their presentation for the issue beyond the peak of 
the pandemic. Unique to this study, though, we noted that 
decreased trauma/fracture volumes, higher acuities of ini-
tial presentations, and greater proportions of initial encoun-
ters at an OP office have persisted to at least 12 months 
post-peak pandemic, albeit in a less extreme fashion than 
in the peak pandemic period. This may suggest that some 
patients have become more selective with what injuries 

Figure 6. Median household income by Zip Code in NYC, NY.17
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they feel are urgent enough for an ED versus what can 
wait for an OP appointment or simply do not require any 
medical management. This is additionally supported by 
the increased proportion of patients attending follow-up 
appointments for their trauma injury both in the peak PC 
and post-peak PC. Physicians should remain aware of this 
potential shift in patient and caregiver thought/behavior, 
while reinforcing the appropriate caregiver response to 
common pediatric injuries, as children continue to be at 
risk whether at home or in recreational spaces.

The final component of our analysis involved spatial 
mapping to better understand variable impacts on various 
NYC neighborhoods, as prior studies have shown the 
pandemic impacted populations with less socioeconomic 
resources more severely than others.27,28 While the overall 
peak PC initially presented to an OP office more often, this 
study’s spatial analysis identified multiple zip clusters in 
NYC with an opposite outcome. Notably, these clusters 
aligned with generally lower median income neighbor-
hoods in Brooklyn, Queens, and the Bronx, implying these 
families may rely more heavily on EDs as their primary 
care providers. Based on the above findings, ED physi-
cians should be reminded that they may be serving an 
additional primary care role for their patients and should 
take the opportunity to counsel them on factors beyond 
their presenting issue including diet, exercise, and modifi-
able risk factors. In addition, one study suggests assisting 
uninsured patients lacking access to primary care find a 
local “safety-net” provider has lowered subsequent ED 
visits.29 ED physicians and social work staff should be 
aware of similar services in their vicinity and attempt to 
identify patients who would benefit from such a resource. 
This would not only provide patients with greater consis-
tency of care but also minimize avoidable ED encounters.

Our spatial analysis merely begins the discussion and 
analysis of key social issues impacting the equity of health-
care for various socioeconomic groups. Commonly cited 
reasons for parents using EDs over other primary care sites 
include convenience, difficulty scheduling timely appoint-
ments, and parental perceptions of illness severity.30,31 
However, overreliance on EDs can impact continuity of 
care for pediatric patients, potentially harming the coordi-
nation of care for future visits and access to preventive 
care.32,33 Prior literature suggests that in addition to finan-
cial resources, increased reliance on EDs as primary care 
for children has been associated with public/uninsured 
insurance status, race/ethnicity, education, and employ-
ment status.33–35 As evidenced by the plethora of prior  
literature, these social issues are not novel. Instead, our 
data suggest that the COVID-19 pandemic exacerbated 
variations in healthcare utilization for higher risk popula-
tions, specifically those with lower family incomes. In the 
future, we hope to expand our analyses to include racial 
demographics, insurance status, and other socioeconomic 
factors to guide our understanding for the etiology of our 

observations; although, it is likely that an intersection of 
multiple of these factors is contributing to the observed 
disparities. Therefore, these future methodologies should 
help inform community-based approaches for improving 
access to care in higher risk neighborhoods. Prior studies 
have proposed health education forums and offering pre-
ventive primary care in nontraditional settings that may be 
more accessible.32 We hope to use this study and future 
studies to identify similar interventions relevant to NYC.

The design of this study is not without inherent limita-
tions. Namely, the analysis was performed retrospectively, 
so we were unable to assess patient or caregiver sentiment 
regarding the pandemic and their health. Also, as our 
study pertained to a multi-site institution within a single 
city, the context of the findings may not directly apply to 
other settings. However, we still believe our findings to be 
relevant as prior literature from other urban areas, such as 
Philadelphia, Baltimore, and Chicago, found similar peak 
pandemic trends. In addition, the time period correlating 
to each cohort is relatively short at 82 days, but the size of 
our cohorts allowed for adequate statistical confidence. 
Finally, as we have city-wide data for the entirety of 2018 
through 2021, we hope to follow the trends noted in this 
study to observe when, if ever, they return to pre-pandemic 
values. In addition, we plan to perform more detailed 
spatial analyses related to zip code-specific impacts and 
outcomes for social and economic resource allocation 
purposes. Finally, we hope to survey pediatric orthopedic 
surgeons to gauge whether the decrease in fracture and 
trauma volume noted here has noticeably impacted their 
workload.

In this study, we found that during the peak pandemic, 
younger patients made up a greater proportion of trauma 
encounters, overall pediatric trauma and fracture rates 
decreased, traumas initially presenting to an ED had higher 
acuity ratings, and patients were more likely to present with 
fractures or open wound traumatic injuries. While much of 
this is supported by prior literature, we are one of the first 
studies to follow these trends beyond the peak of the pan-
demic and have shown that many changes persisted through 
at least 12 months post-peak pandemic in NYC. Separately, 
we visualized that neighborhoods with lower median 
income initially presented to EDs at increased rates and 
may rely more heavily on EDs for their first-line care. 
These longitudinal analyses can inform ED and orthopedic 
physicians on patient and caregiver behaviors in the current 
health climate and assist with critical care and social 
resource allocation currently and for future outbreaks.
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