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ABSTRACT 8 OPEN ACCESS

Background: Orthopaedic trauma volume varies significantly with environmental and temporal conditions. Despite
established seasonal trends, static staffing models persist worldwide, causing resource misallocation and
inadequate staffing, thereby negatively affecting patient care. Developing dynamic, predictive staffing models is
essential for optimizing acute trauma delivery and health system resource management.

Aims: To synthesize global and regional literature on environmental and temporal factors influencing orthopaedic
trauma volume, contextualized by data collected from a single-center retrospective study, and utilize this
information for proactive hospital resource planning.

Methods: A narrative review was conducted from findings of a retrospective study conducted at a high-volume
Level 1 trauma center in Upstate New York, USA. The index dataset analyzed adult and pediatric orthopaedic
trauma consults over a one-year period (July 1, 2022 to June 30, 2023) alongside local weather patterns. This
data was compared to existing literature and used to develop a hospital staffing model at Albany Medical Center.
Results: Ambient temperature was identified as the strongest predictor of orthopaedic trauma volume and injury
acuity, with increased temperatures associated with higher volume. Consult volume consistently peaks during
summer months due to increased outdoor activity and extended daylight hours. Precipitation serves as a powerful
behavioral modifier that reduced overall trauma volume, whereas acute snowfall triggers short-term surges in
specific populations (i.e. geriatric patients). Temporal factors such as day of week and school academic calendars
further influence trauma burden with weekends and non-school days consistently busier.

Conclusion and Implications: Orthopaedic trauma volume is strongly influenced by environmental and temporal
factors that may be predictable. Understanding these trends can transition healthcare systems from reactive to
proactive management, and improve resource allocation, hospital staffing, and patient and healthcare worker

satisfaction.
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Introduction:
Predicting orthopaedic trauma volume and managing corresponding institutional resources is a persistent challenge across

trauma systems worldwide!2. Despite recognition of seasonal fluctuations in orthopaedic trauma volume, traditional
hospital staffing models remain static. Institutional resource allocation is typically dictated by administrative schedules
rather than dynamic clinical demand3. As a result, emergency departments are overburdened and underprepared during

busy trauma months, leading to prolonged patient wait times, increased hospital costs, and healthcare provider burnout3.

Existing literature suggests that weather is one of the most influential drivers of human behavior and may be used to
predict orthopaedic trauma volume24-8, |It’s therefore no surprise that trauma volume peaks during summer months. With
higher ambient temperatures and extended daylight hours, there are more opportunities for orthopaedic injuries 45.9-13,
Understanding these seasonal variations is vital for proper resource allocation and hospital staffing. Despite literature
demonstrating increased trauma volume during nicer weather conditions, there remains a global staffing shortage during

predictably high-demand periods'4.

This narrative review synthesizes and evaluates the findings of the study, "Can weather patterns predict orthopaedic
trauma volume: a retrospective review at a level 1 trauma center in the Northeast," 5 alongside existing literature on
the topic of local weather patterns and orthopaedic trauma volume. The purpose of this review is to highlight
environmental and temporal trends in orthopaedic trauma volume that can be used to develop more dynamic staffing
models to better account for variation in trauma volume. By aligning staffing and resources with patient demand,
administrators can proactively address issues like understaffing or overstaffing, thereby optimizing resource utilization

and ultimately improving patient outcomes’é.

Study Overview:

The retrospective study published in 2025 by Melian et al., was conducted at Albany Medical Center, the busiest level 1
trauma center in New York State'5. Data was collected during a 1-year period from July 1, 2022 to June 30, 2023, and
included a total of 4,097 patients with 4,664 orthopaedic injuries. Both adult and pediatric patients were evaluated,
and spine consults were excluded. Patient demographic information, admission disposition (inpatient versus outpatient),
surgical necessity, presence of concomitant non-orthopaedic injuries, and daily weather forecasts including temperature,

wind conditions, rainfall, and snowfall were collected.

This study reports increased orthopaedic trauma volume in both adult and pediatric patients during summer months,
warmer temperatures, and less rainfall (Table 1). Warmer temperatures were found to have a significantly positive
correlation with consult volume; this is consistent with prior literature demonstrating higher consult volume during summer
months when warmer weather patterns predominate48!7. Warm, sunny days promote outdoor activities such as
motorcycles, bicycles, and other adult leisure activities, which increase the risk for musculoskeletal injury 819, Rising et al.
report a 5.25% increase in hourly incidents for each 10-degree increase in temperature®. In addition to increasing overall
volume of trauma, warmer weather has been shown to influence the acuity of injuries, with more polytraumatized patients
presenting during summer months. Hess et al. report a 10% increase in the odds of an open injury with every rise in
temperature by 5 degrees Celsius”. Mechanism of injury has also been shown to vary with season, such that motorcycle

accidents being most prevalent on warmer weather days'.
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Table 1. Environmental and temporal factors found to influence orthopaedic trauma consult volume.

Variables Impact on Trauma Volume Primary Mechanism
Environmental
Factors
Ambient Significant peaks in overall Increased outdoor activity and extended
Temperature volume & injury acuity with daylight hours during summer months
higher temperatures
Precipitation Reduces overall trauma Suppresses outdoor exposure and activity
volume levels
Snowfall Short-term surges in trauma Specific high-risk demographics, particularly
volume geriatric patients (i.e. slip and falls)
Temporal Factors | Day of the Weekends experience higher | Increase in behavior and recreational
Week trauma volume activities.
Academic Non-school days experience Increased unsupervised or recreational
Calendar higher trauma volume activities during school breaks

Interestingly, in the study by Melian et al, consult volume was highest in May, despite warmer temperatures in June, July
and August. This may be due to the first initial stretch of warm weather, often referred to as the kickoff to “trauma
season”, when the winter weather finally breaks and people start participating in outdoor activities. As the weather
plateaus people resume their normal daily activities and risky behavior begins to settle. Ortega et al. report peaks in
trauma volume in June, which may reflect variations in geographic location as this study was performed in Texas!”.
Therefore, it's important to take into consideration the geographic location of each trauma center when interpreting the
results. Additional considerations include the effects of global warming as we expect seasonal shifts and weather

fluctuations more than what would be typically expected for a given time of year.

The winter months consistently demonstrate lower orthopaedic trauma volume. Melian et al. report the lowest consult
volume during the month of February when temperatures are among the coldest. But what about “winter trauma”? Yeung
et al. report greater orthopedic trauma volume, dubbed “Orthomageddon” events, during times of freezing cold
temperatures, especially at night20. Snow and ice have been shown to be a major cause of orthopaedic trauma in the
elderly with distal radius fractures and ankle fractures most common after falls during the winter months. Recreational
activities such skiing, snowboarding and sledding, as well as dangerous driving conditions may also contribute to periodic
spikes in orthopaedic trauma during winter months20.21, Like adult trauma, pediatric trauma has also been shown to be
less during winter months with rates dropping by approximately 23%5. This is likely due to a combination of fewer

outdoor activities taking place in combination with school being in session.

Regardless of the time of year or season, rain has mostly been shown to negatively impact orthopaedic trauma volume
across both children and adults’5. This may not come as a surprise as rain naturally limits outdoor activities, especially in
children. While the quantity of rainfall did not have an appreciable effect in this study, Livingston et al. report a decrease
in orthopaedic trauma volume by 21% for each inch of precipitations. It should be noted that there is some literature
reporting increased trauma with precipitation. Rising et al. report a 60% to 78% increase in incident rate for each inch

of precipitation in the previous 3 hoursé. This may be due to the after affects rather than the actual act of the rain itself.
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Other considerations that did not appear to play a role in orthopaedic trauma volume in the study by Melian et al. but
has proven to be important in other studies is the day of week, time of day and school schedule. Weekends have been
shown to have significantly greater trauma volume than weekdays, with peak trauma occurring in the late afternoon and
evening'422, Penetrating trauma is more likely to present later than blunt trauma typically during off peak hours’. In
children, there is significantly higher consult volume during weekends and non-school days than week days and school-
days5. Despite evidence of increased weekend trauma burden the so called “weekend effect” still exists. Literature shows
that patients admitted on weekdays may have better outcomes than those admitted on weekends due to lack of adequate
resources and hospital staff during off-peak hours, such as the weekends and evenings':23.24, Other important factors that
may influence orthopaedic trauma burden include local gatherings such as festivals, parades, as well as other large

group activities25,

Environmental and temporal trends in trauma volume are not isolated to North America. Kim et al. show a rise in trauma
volume in central Korea as ambient temperature rises, up to a threshold of 30 degrees Celsius, where extreme heat
becomes a limiting factor for outdoor activities2¢. In the United Kingdom, Parsons et al. report an increase in trauma
admission by 1.8% and 1.9% for each rise in temperature by 5 degrees Celsius and each additional two hours of
sunshine, respectively?’. In India, Shukla et al. report a higher incidence of orthopaedic injuries in the summer with pediatric
supracondylar humerus fractures most prevalent; rainy season and winter were more associated with lower extremity

fractures involving the foot and ankle?®.

Clinical Implications:

Understanding how weather patterns influence trauma burden is critical to ensure proper resource allocation and
adequate hospital staffing during times of need. The clinical utility of this narrative review lies in its potential to transform
hospital operations, rather than relying on static, year-round staffing schedules and fixed resources. Trauma centers

around the world can employ predictive staffing models based on environmental and temporal forecasting.

The literature shows that summer weekends combined with warmer temperatures yield significantly higher volumes of
trauma with higher acuity, operative injuries. However, there still exists a significant volume-to-staffing mismatch during
summer months despite this knowledge'4. The so-called “weekend effect” in which patients who are admitted during the
weekends have poorer outcomes, is in part due to staffing shortages and delays in treatment which can be attributed to
inadequate scheduling and hospital preparedness?3. By understanding trends in orthopaedic trauma volume and
allocating resources more appropriately, we can reduce the weekend effect and optimize patient outcomes regardless

of the time or day they present to the emergency department.

To adequately prepare for summer orthopaedic trauma volume, we must design staffing models that fit the demands of
the hospital during a given time of year. At Albany Medical Center, the busiest level 1 trauma center in New York State,
we have started to incorporate staffing models based off local weather forecasts and previously established literature.
Within the orthopaedic department specifically, we have increased resident coverage during the summer months with
more senior residents overseeing junior residents during the transition of the new year, which also happens to be one of
the busiest times of year for trauma. Our on call orthopaedic surgeons have been granted two operating rooms on
weekends to assist with case volume. Additionally, we have hired advanced practice providers such as nurse practitioners

and physician assistants, to assist on weekends, peak trauma hours, and hours of shift change. These changes are just the
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beginning of the many that will help us better prepare the hospital for the rising demands of orthopaedic trauma. The
overall goal is to improve healthcare delivery to reduce the gaps in healthcare outcomes, regardless of when patients

are admitted.

Conclusion:

Local weather patterns may reliably be used to predict orthopaedic trauma volume, with clear evidence of increased
volume during warm, dry summer conditions. Hospital administration can use this information to provide more hospital

resources during expected busy times and to create staffing models that account for variations in trauma volume.
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