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Urgent Care Considerations for the
Patient with Suspected Rib Fracture

Urgent Message: Rib fractures most commonly occur after blunt chest injury. Consider
serious associated injuries such as pneumothorax, hemothorax, and pulmonary con-
tusion when assessing patients with suspected rib fractures. Ensuring appropriate
analgesia is critical for reducing the risk of complications.
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Abstract

Rib fractures typically occur after blunt trauma to the
thoracic region. The identification of a rib fracture is a
marker for potential significant blunt force to the torso
as well as an opportunity to decrease the risk for com-
plications including pneumonia, which is more likely
in elderly patients. The recommended initial imaging
study of choice is plain chest radiography (CXR). Rib x-
ray series, conversely, are not recommended as they do
not affect patient outcomes or management. The pri-
orities for urgent care (UC) management of patients
with suspected blunt chest injuries and suspected rib
fractures center around considering and excluding se-
rious associated injuries (eg, pneumothorax, pulmonary
contusion, etc.) and ensuring appropriate analgesia to
prevent subsequent complications.

Clinical Scenario
56-year-old man presented to the urgent care with sharp
Aright thoracic pain, which began after he fell down the
stairs in his home earlier that day. He said he feels pain

Questions for the Clinician at the Bedside

1. When should rib fractures be suspected?

2. Which patients with rib fractures should be
referred to the emergency department?

3. What associated injuries should be considered
in patients with blunt chest injury?

4. What are the most critical aspects of excellence
in the urgent care management of rib fractures?

when taking deep breaths and pain with any movement
of his torso. He denied head trauma, head or neck pain,
vomiting, numbness, tingling, dizziness, abdominal pain,
hematuria, hematochezia, or melena.

The patient was afebrile. The remainder of his vitals
revealed a heart rate 106 beats per minute (bpm), respi-
ratory rate of 24 breaths per minute, and blood pressure
of 138/92 mmHg. His oxygen saturation was 94% on
room air. On exam, the patient appeared generally un-
comfortable. He was splinting and holding his right
side. On pulmonary exam, he was tachypneic with
shallow breathing, but his lung sounds were clear and
symmetric. His abdomen was soft and non-tender to
palpation. He was tachycardic with a regular rhythm.
Visual examination of the chest wall revealed a small
area of ecchymosis of the right lateral posterior chest,
which was tender to palpation with crepitus.
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Image 1. Multiple Right Sided Rib Fractures (blue arrows) with Pneumothorax (orange arrows)

An upright chest x-ray (CXR) was performed, which
demonstrated multiple posterior right-sided rib fractures
as well as a right-sided pneumothorax (Image 1).

Epidemiology

Rib fractures are frequently encountered among patients
after sustaining blunt thoracic trauma presenting to the
emergency department (ED) or UC, with falls and motor
vehicle collisions (MVC) accounting for the largest pro-
portion of cases.? As patients age, rib fractures can
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occur with progressively less force. In older patients,
rib fractures commonly occur with low mechanism in-
juries such as falls from standing.® Based on aggregate
data from the National Trauma Data Bank, rib fractures
have been found to occur more frequently in Caucasian
and male patients with a median age of 51 years at the
time of diagnosis.* The most common ribs fractured
are ribs 5-9,! with a median number fractures being 2.5
Fracturing ribs 1-3 requires higher force mechanisms as
they are anatomically well-protected by the larger tho-
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Image 2. Thoracic Anatomy: Ribs and Diaphragm
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racic muscles and shoulder girdle, and such fractures
are a marker of more significant mechanism.!

Blunt chest trauma can produce myriad serious and
potentially life-threatening injuries. In many ways, rib
fractures serve primarily as an indicator that the thoracic
region has sustained significant blunt mechanical forces,
and therefore, heightened vigilance in evaluating for
associated injuries is warranted. Morbidity and mortality
associated with rib fractures increases linearly with the
number of fractured ribs.

Importantly, to date, there have been no studies pub-
lished describing the prevalence of rib fractures and as-
sociated injuries in patients presenting to UC centers
after thoracic trauma. In a large retrospective ED-based
study of patients with rib fractures, the most frequent
complication encountered was pneumothorax (PTX)
(37.2% of cases) followed by hemothorax (HTX) (26.8%
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of cases), pulmonary contusion (17.2% of cases), and
flail chest (5.8% of cases).® A flail chest occurs when
the chest wall moves paradoxically with inspiration
and is associated with scenarios where there are multiple
consecutive rib fractures on the ipsilateral side of the
chest with multiple sites of fracture in the affected ribs.”®
Less commonly, other serious associated injuries may
occur such as tracheobronchial tree injury, blunt aortic
injury, intra-abdominal solid organ injury, injury to the
great vessels (particularly with 1-3 rib fractures), sternal
fracture, and cardiac contusion.”?1°

A systematic review of 73 studies on patients with
chest injury revealed the most significant risk factors
for mortality associated with blunt chest wall trauma:!!

m Age >65 years

B Presence of 3 or more rib fractures

B Presence of comorbid cardiopulmonary disease
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Understanding The Anatomy

The thoracic cavity contains many vital organs and
structures including the heart, lungs, great vessels, and
esophagus; these structures are protected by 12 paired
ribs and the associated musculature of the chest wall.
Respiratory inspiration is created by diaphragmatic con-
traction, which leads to depression of the diaphragm,
expansion of the thoracic cavity and negative intratho-
racic pressure. The diaphragm’s movement is innervated
by the phrenic nerve. During expiration, the diaphragm
elevates to the level of the 4th intercostal space (ap-
proximately the nipple line) and depresses to the level
of the 12" intercostal space with maximal inspiration.!?
(Image 2) Therefore, depending on the phase of the
respiratory cycle, intra-abdominal organs may variably
be susceptible to the forces of blunt thoracic trauma as
well. While this is more significant in cases of penetrat-
ing thoracic trauma, it is important to consider injuries
to abdominal contents with rib fractures from blunt
trauma inferior to the 4th intercostal level as well. Intra-
abdominal injuries and hemoperitoneum may present
with shoulder pain due to the phrenic also providing
nerve’s sensory innervation of the diaphragm.!?

“Pain from thoracic trauma is
generally pleuritic in nature, and
this historical feature does not
distinguish rib fracture from chest
wall contusions or deeper injuries
such as PTXor HTX.”

History

Before taking a history, begin with an assessment of
the patient’s stability by reviewing vital signs and gen-
eral level of distress. As with all trauma histories, atten-
tion should be paid to understanding the timing and
mechanism of the injury. Consider and inquire about
injuries to the head, spine, abdomen, and/or extremities
as patients may have sustained multiple other injuries
after falls or MVCs. If there was an altercation, inquire
about other injuries such as a closed fist injury, head or
neck injury; explore if the patient may be a victim of
criminal assault such as intimate partner violence or
elder abuse. In young children, rib fractures are a con-
spicuous finding and are highly correlated with non-
accidental trauma (NAT).!

16 JUCM The Journal of Urgent Care Medicine | January 2025

Have the patient indicate where the area of maximal
pain is located. Pain from thoracic trauma is generally
pleuritic in nature, and this historical feature does not
distinguish rib fracture from chest wall contusions or
deeper injuries such as PTX or HTX. Patients may com-
plain of inability to take a deep breath (ie, “splint”) be-
cause the pain is exacerbated with movement of the
chest wall.” Similarly, pain from blunt thoracic trauma
is typically exacerbated by body movement. While pain
being exacerbated by movements does suggest that the
chest wall sustained injury, it does not exclude the pos-
sibility of associated injuries to deeper structures (eg,
pulmonary contusion, PTX).'

While significantly less common, atraumatic rib frac-
tures, known as stress fractures, can occur in certain
populations as well. In patients with bone diseases—
such as osteoporosis or cancer metastatic to the ribs—
fractures can occur without blunt force after coughing
or sneezing.!® Athletes who row can sustain stress frac-
tures of the lower ribs and baseball players (particularly
adolescents) can have upper rib fractures from throwing
or forcefully swinging the bat.!7 18

Physical Exam

As with all trauma evaluation, begin with assessing the
patient’s clinical status and ensure they are breathing
and mentating adequately and in no acute distress. Pa-
tients with hypotension, significant tachycardia, or hyp-
oxemia after thoracic trauma warrant immediate acti-
vation of emergency medical services (EMS). It is
important to not postpone EMS activation for inter-
ventions such as CXR as this can result in unnecessary
delays to receiving definitive care among patients with
time-sensitive diagnoses.

After a primary survey and review of the vital signs,
assess for any external evidence of trauma to the head
and neck before examining the torso. It is critical to ex-
pose the patient’s chest, back, and abdomen, inspecting
for signs of trauma such as ecchymoses, abrasions, or
lacerations. Observe the patients respiratory pattern
noting if there is splinting, paradoxical chest wall move-
ment, or significant tachypnea. For patient’s presenting
after a MVC, look for the presence of a “seatbelt sign”—
bruising of neck, chest, or abdomen from pressure from
the seat belt, as this has been found to be associated
with a 4-fold higher likelihood of significant intratho-
racic injury.'

Rib fractures are less common in children than adults
as the ribs and chest wall are more pliable. Bruising of
the chest in young children, while not pathognomonic
for NAT, should raise suspicion for underlying rib frac-
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tures. However, in 1 series of cases of NAT, 58% of chil-
dren with underlying rib fractures did not show visible
bruising.?°

When palpating the chest, assess the area of greatest
tenderness. Palpate the entirety of each rib from the
spine to the sternum surrounding the area of the pa-
tient’s pain paying attention to any signs of step-off ir-
regularities or crepitus. Point tenderness or palpable de-
formity increases the likelihood of underlying rib
fracture.?! Careful auscultation of each hemithorax in
comparison to the contralateral side may reveal de-
creased breath sounds. It is important to note that while
decreased breath sounds can be present with PTX and/or
HTX, this finding is insensitive, and normal breath
sounds should not be used to rule out these diagnoses
or as rationale to forego thoracic imaging. In one series
of trauma patients with PTX and/or HTX, auscultation
failed to identify any abnormality of breath sounds in
42% of cases.??

Because of the range of positions of the diaphragm
through the respiratory cycle, patients with blunt chest
trauma are also at risk for intra-abdominal organ injury.
A 2017 article published in the American Journal of Sur-
gery found that 77% of the patients with liver lacerations
and 79% of patients with splenic lacerations had over-
lying fractures of the lower ribs.?® As such, a thorough
abdominal exam is a critical aspect of the physical exam
after blunt chest injury. Begin with inspection for bruis-
ing (ie, seatbelt sign) or distention. Abdominal seatbelt
sign is an even more ominous finding than chest seat-
belt sign and has been found to be associated with an
eight-fold higher likelihood of intra-abdominal injury."
Palpate the abdomen for focal tenderness and signs of
peritonitis (eg, rebound tenderness or guarding). Pa-
tients with significant abdominal tenderness and/or
bruising from a seatbelt injury should be referred to
the ED as they have a high likelihood of requiring sur-
gical intervention.?*

Imaging

Plain Radiography

When there is clinical suspicion for rib fractures, an
upright CXR is the most critical initial study.! While a
single or 2-view CXR is only 50% sensitive for the dia-
gnosis of a single rib fracture, definitive identification
of rib fractures rarely affects management. In fact, in a
2021 study reviewing over 1,700 patients who under-
went rib series radiography, there were no cases of
changes in any patient’s management related to find-
ings of dedicated rib films.?® Similarly, a recent study of
over 400 trauma patients who underwent both CXR

www.jucm.com

and rib x-ray series found that the addition of the rib
radiographs changed management in only 1 patient
(0.2%).26 The dramatic and reproducible evidence of
rib series’ lack of impact on patient management pro-
vides the evidential support for the American College
of Radiology (ACR) Appropriateness Criteria guidelines
on blunt chest injury which do not recommend ob-
taining dedicated radiographs rib series after blunt chest
injury.!

“When there is clinical suspicion
for rib fractures, an upright CXR is
the most critical initial study.”

The ACR guidelines for the initial imaging study after
blunt chest injury instead strongly support the utility
of a standard CXR as a screening tool for complications
of chest wall injury, such as PTX, HTX, and pulmonary
contusion.! This recommendation is based on the test
characteristics of standard CXR, which has a greater
sensitivity for the injuries that affect management; CXR
also has significantly less ionizing radiation when com-
pared to that of a rib series.! Although the diagnosis of
multiple rib fractures has certain prognostic implica-
tions, there is no evidence that performing dedicated
rib studies affects patient outcomes.

When assessing the CXR, evaluate for signs of rib
fractures. Fractures may appear as a discontinuity in
the bone’s cortices and/or disruption in the trabecular
pattern. Examine for evidence of serious complications.
PTX can be identified as an area of lucency without
pulmonary markings and the presence of a pleural line
separated from the thoracic wall. Upright films are more
sensitive than supine films for PTX identification as
the intrapleural air will tend to move cephalad and be
detectable in the superior most portion of the affected
hemithorax.?” The sensitivity of upright CXR for detec-
tion of PTX is approximately 70%.? Tension PTX occurs
when air trapped in the pleural space exerts sufficient
pressure to impair cardiac venous return. Tension PTX
is a clinical diagnosis and should be suspected in pa-
tients with evidence of significant PTX, hypoxemia
and/or hypotension.?” Immediate treatment for tension
PTX consists of EMS activation and needle decompres-
sion of the hemithorax.*

Similarly, HTX can be identified as a pleural effusion,
and gravity effects will make this most apparent in an
upright film. CXR is approximately 63% sensitive for
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identification of HTX.?® Pulmonary contusions may be
delayed in their radiographic appearance and appear as
air space opacities. A widened mediastinum should
prompt consideration for blunt aortic injury.?' Impor-
tantly, with these sensitivities, a normal CXR is far from
adequate in excluding complications of blunt chest in-
jury in patients in whom there is high clinical pre-test
probability of significant injury (ie, severe pain, abnor-
mal vital signs, high energy mechanism of injury).?”

Special consideration is warranted for patients with
first or second rib fractures as these patients have a
high risk of concomitant great vessel injuries.? In pedi-
atric patients, costochondral junction fractures are
highly specific for NAT, but CXR is not sufficiently sen-
sitivity to exclude thoracic NAT in cases of high clinical
suspicion.3?

Point-of-Care Ultrasound

Point-of-care ultrasound (POCUS) has gained increas-
ingly wide adoption in recent decades as a useful ad-
junct to the bedside assessment of trauma patients.
With appropriate equipment and training, POCUS is
an ideal tool for screening assessment of trauma pa-
tients.® There is little published data on the prevalence
of POCUS use in UC centers. However, given the in-
creasing affordability and portability of POCUS devices,
it is reasonable to expect that equipping UC clinicians
with such technology and appropriate training would
have a meaningful impact on resource utilization and
patient outcomes. Additionally, in the hands of experi-
enced clinicians, POCUS has superior sensitivity to CXR
for both PTX (85% vs. 71%) and HTX (79% vs. 63%).%
POCUS also has superior sensitivity to CXR (85% vs.
56%) for the detection of rib fractures, especially in
cases where multiple rib fractures are present.3435

Computed Tomography

While not commonly available in the UC setting, chest
computed tomography (CT) is the gold standard for
both identification of rib fractures and associated intra-
thoracic injuries related to blunt chest trauma.'*¢ While
chest CT is much more sensitive for rib fractures and
other post-traumatic complications, the majority of UC
patients with blunt chest injury do not require chest
CT. The NEXUS Chest CT Rule was derived and val-
idated to help clinicians determine which patients with
blunt chest injury are likely to have findings on chest
CT that affect management. The rule is >99% sensitive
excluding serious intrathoracic injury if a patient has a
normal CXR and has no distracting injury, chest wall
tenderness, or high-risk mechanism of injury.?” Given
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many patients will have some degree of bony chest
tenderness, however, this rule unfortunately cannot be
used in many patients and is poorly specific. However,
emergency physician gestalt has also proven highly re-
liable for excluding clinically significant injuries that
might only be diagnosed on chest CT.3® Unfortunately,
there are no studies on the efficacy of UC clinician ge-
stalt in ruling out significant intrathoracic injury. Pa-
tients presenting to UC, however, are typically much
lower acuity/risk than patients with similar complaints
in an ED setting. Given this set of circumstances and
until more evidence is available, it seems most reaso-
nable for UC clinicians to use a combination of clinical
judgment and CXR findings to determine who will
benefit from thoracic CT imaging. Unless immediate
CT is available, such patients warrant ED referral.

Urgent Care Management of Rib Fractures
Management of rib fractures in UC includes: risk strat-
ification for complications; assessment of respiratory
status; appropriate pharmacologic and non-pharmacol-
ogic interventions to ensure pain is adequately man-
aged; and measures to reduce subsequent complications.
Indications for immediate ED referral include the fol-
lowing:
= Evidence of (or suspicion for) associated pneumo-
thorax, hemothorax, hypoxemia, tracheobronchial
injury, injury to the great vessels, intraabdominal
injury, flail chest, and/or sternal fracture
® Hypoxemia (O2 saturation <92% on room air)
® Intractable pain
m Significant hypotension or tachycardia

Suggested discretionary criteria include:
m Elderly patients (>65 years) and those with sus-
pected barriers to adequate pain control
® 3 or more rib fractures or displaced fractures
m Decreased pulmonary function, such as chronic
obstructive pulmonary disease (COPD) or other
comorbid conditions (eg, sleep apnea, obesity hy-
poventilation syndrome, alcohol use disorder) that
predispose patients at risk for respiratory failure.
As the rib cage is necessarily moving continuously to
support adequate respirations, the pain associated with
rib fractures can be severe and pervasive. The Western
Trauma Association guidelines for care of patients after
sustaining rib fractures recommend providing appro-
priate pain management, encouraging frequent pul-
monary hygiene exercises, such as coughing, deep
breathing, and avoiding prolonged sitting or bedrest
with frequent ambulation.*
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Non-Pharmacologic Intervention

Splinting devices, such as rib belts, have not been shown
to reduce pain and may decrease lung excursion,
thereby increasing the risk of subacute complications
(eg, atelectasis, pneumonia).!> Pulmonary toilet (or pul-
monary hygiene) describes practices that encourage
maximal diaphragmatic excursion; common pul-
monary toilet/hygiene practices include coughing and
deep breathing exercises. Incentive spirometry devices,
traditionally felt to improve outcomes after rib fractures,
have not been shown to reduce complications.* Ho-
wever, early mobilization and frequent ambulation have
proven very effective in reducing morbidity and suba-
cute complications after rib fractures.*

Respiratory rate has not proven effective as a means
of predicting respiratory failure after rib fracture.** Ho-
wever, patients with fractured ribs who cannot achieve
incentive spirometry (IS) volumes >1,000 mL have been
found to have a higher likelihood of respiratory failure.
Therefore, while of questionable utility for pulmonary
hygiene, IS may serve some clinical utility for the de-
termination of need for ED referral.*>44

Pharmacologic Interventions

Pain control should be individualized for patients with
chest wall injury. The goals of pain management should
to alleviate pain, rather than expect it can be eliminated
entirely.* Pain management is especially critical after
chest trauma to allow for deep breathing, coughing,
and ambulation, which may decrease the risk of splint-
ing and pneumonia.*!

As with the treatment of any source of acute trau-
matic pain, the risks and benefits of medications should
be carefully weighed. Opioid analgesics, while highly
effective for the treatment of acute fracture-related pain,
are associated with respiratory depression at highly vari-
able doses based on many patient factors.* Therefore,
it is important that opioids are used sparingly and not
as a sole class of analgesics. Increasingly, multimodal
analgesia approaches have gained evidential support,
including as they pertain to rib fractures.*’

Stepwise use of oral analgesics in a multimodal ap-
proach can minimize opioid requirements in patients
with acute pain. Oral acetaminophen (paracetamol) at
the maximum daily dose accompanied by appropriate
dosing of non-steroidal anti-inflammatory agents (eg,
ibuprofen, naproxen) as first and second-line agents
with opioids reserved for breakthrough pain is a sensible
analgesic strategy.*®*’ Early administration of parenteral
NSAIDs has been shown to decrease opioid require-
ments, length of stay, pneumonia incidence, number
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of ventilator days, and intensive care length of stay.*

Topical pharmacotherapy should not be overlooked
as well. Topical NSAIDs (eg, diclofenac) can be used in
patients who cannot safely take oral NSAIDs. Ad-
ditionally, lidocaine patches have an excellent safety
profile and have been shown to reduce opioid require-
ments in patients with acute rib fractures.>! With these
considerations for first and second-line agents, it is im-
portant to note that in most patients discharged from
UC, several days of opioid therapy for breakthrough
pain is generally appropriate.*®

“Pain control should be
individualized for patients with
chestwall injury.”

Considerations For Follow-Up

For patients discharged from UC after rib fracture, en-
suring close follow-up and clear return precautions is
essential. Worsening shortness of breath and/or fever,
for example, could indicate the presence of pneumonia.
These precautions should be emphasized most in pa-
tients with underlying lung disease (eg, asthma, COPD)
as they are at the highest risk of developing pneumonia
after chest trauma.>?

When 3 or more rib fractures are present, there is an
increased morbidity and mortality, particularly among
patients >65 years of age or displaced fractures.!l:535
Poor functional status, regardless of age, is also a strong
predictor of complications.>® UC clinicians should have
a low threshold for referring such patients immediately
to the ED.

Next Level Urgent Care Pearls

Increasingly, regional anesthesia techniques have been
found to offer significant pain relief for patients with
acute rib fractures. These techniques require appropriate
training and equipment (ie, POCUS). An intercostal
nerve block with the use of a long-acting anesthetic
has been shown to provide up to 12 hours of analgesia,
however, can result in PTX or HTX as potential.® The
serratus anterior and erector spinae plane blocks have
also proven effective for providing immediate and sig-
nificant reductions in pain scores in patients with rib
fractures. With appropriate training and equipment,
these regional anesthetic approaches could be offered
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to provide safe and effective adjunctive pain relief and
reduce the risk of hospitalization and/or intensive care
unit admission.>”%%9

Red Flags and Legal Pitfalls

m Patients at the highest risk of significant morbidity
and mortality are elderly patients (age >65 years) and
patients with multiple rib fractures.

® The initial evaluation in a patient with suspected rib
fracture(s) is to assess for life-threatening injuries such
as pneumothorax, hemothorax, flail chest, or great
vessel injury.

® Injury to the 1% and 2" ribs are generally the result
of a large amount of force, with consideration of
great vessel as well as bronchial injury.!

® Injury to the lower ribs may be associated with intra-
abdominal injury.

® A child with multiple rib fractures or rib fractures at
different stages of healing is concerning for NAT.

® The most common reason for return visits after rib frac-
tures is pain, so ensuring adequate pain control before
discharge is vital to prevent them from returning.®

Clinical Scenario Conclusion

In addition to multiple rib fractures, a the right-sided
PTX was also identified on the upright CXR. Because of
the multiple fractures as well as PTX, the patient was
sent to the ED via EMS as he did not have anyone to
drive him and was felt to be in too severe of pain to
drive. In the ED, he underwent chest CT which showed
no HTX but redemonstrated a PTX and multiple rib
fractures. He had a small gauge chest tube placed in the
ED and was admitted to the trauma service for analgesic
titration and monitoring.

For a similar patient without PTX or multiple rib frac-
tures who might be discharged from the UC, an exam-
ple of an appropriate outpatient plan would be oral
acetaminophen 1000mg and NSAID (ibuprofen or nap-
roxen) with a topical lidocaine patch (4%, over-the-
counter) over the areas of pain as initial multimodal
analgesic treatment. In addition, consider a prescription
for 3-4 days of oxycodone 2.5-5mg every 4 hours as
needed for breakthrough pain.

Additional instructions for pulmonary hygiene to be
given at discharge could include coughing and deep
breathing exercises and ambulation at least twice an
hour to decrease the risk of atelectasis and pneumonia.
Patients should be instructed to have follow up with
primary care in 3-7 days and given strict return precau-
tions for fever, increasing pain, shortness of breath, or
lightheadedness.
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Takeaway Points

® Rib fractures can occur after blunt thoracic trauma,
most commonly MVCs and falls.

m There is little necessity in identifying rib fractures;
the management of chest wall contusions is not af-
fected by whether rib fractures are present.

® Avoid the cognitive trap of excessive focus on identi-
fication of rib fractures. Instead, ensure adequate eval-
uation for other areas of injury and possible compli-
cations of blunt thoracic trauma such as PTX and
HTX.

® Do not order rib radiograph films as they do not
affect the management of patients with blunt chest
trauma.

®m While CXR is the initial recommended study of
choice for blunt chest injury, with appropriate train-
ing POCUS is more sensitive for identification of PTX
and HTX.

m Patients at the highest risk for complications after
rib fracture include the elderly (>65 years), those with
multiple rib fractures, and/or underlying pulmonary
disease.

® Pulmonary toilet, multimodal analgesia (including
topical agents), and close follow-up are the key com-
ponents of outpatient management for reducing the
risk of complications. B

Manuscript submitted November 23, 2024; accepted De-
cember 10, 2024.
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