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TRAUMATIC BRAIN INJURY (TBI) REHABILITATION 

The Complexities of Traumatic Brain Injuries

JON A. MUKAND, MD, PhD  

GUEST EDITOR

Some of the most complex patients I have treated over the 
last four decades had brain injuries. They often had multi-
focal pathology that caused a variety of neurological prob-
lems. In addition, they usually had medical complications 
that compromised their rehabilitation and sometimes  
necessitated a transfer back to the acute care hospital. 

A review of medical complications during inpatient reha-
bilitation for brain injuries found that there were 0.40 events 
per week per patient, and more than 80% had at least one 
adverse event. Hypertonia, agitation/aggression, urinary 
tract infection, and sleep disturbance were the most com-
mon (each more than 5% of all complications). The most 
severe problems included hydrocephalus, pneumonia, gas-
trointestinal conditions such as bleeding and obstruction, 
and paroxysmal sympathetic hyperactivity.1   

Rehabilitation for patients with brain injuries requires 
an interdisciplinary approach, as reflected in this special 
issue of the Rhode Island Medical Journal. Neurologists 
are essential for the early care of these complex patients. 
BRUNO MOURAO-PACHECO, MD, and his co-authors dis-
cuss hypothermia, hyperosmolar therapy, and cerebrospinal 
fluid drainage as well as prevention of ventilator-associated 
pneumonia, deep venous thromboses, and seizures.

In the rehabilitation setting, STEPHAN P. PIRNIE, MD, 

PhD, describes a patient with a severe traumatic brain injury 
and highlights the neurocognitive, motor, and sensory abnor-
malities. ALEXIOS G. CARAYANNOPOULOS, DO, MPH,  
and his co-authors offer a review of rehabilitation strate-
gies for aphasia, dysphagia, paresis, respiratory dysfunction, 
cognition, and behavior. Physical therapy for these patients 
is complicated by abnormal tone, balance, and cognition 
– as discussed by KENNETH VINACCO, PT, DPT, NCS, and 
his co-authors. JOAN M. JORDAN, DHA, CCC-SLP, and  
I review current approaches for cognitive-communication  
rehabilitation after brain injuries. 

Even after returning home, patients with brain injuries 
are vulnerable to long-term complications. JONATHAN LIU, 

MD, and his co-authors review the pathophysiology, evalu-
ation, and treatment of neurogenic heterotopic ossification. 
Spasticity and abnormal tone can impair the functional sta-
tus of patients with brain injuries and lead to contractures. 
MARY LOU, BS, and her co-authors offer a comprehensive 
review of treatment strategies for spasticity, ranging from 
physical therapy to orthopedic surgery. 

Patients with brain injuries require evidence-based and 
specialized care from an interdisciplinary team, such as the 
clinicians who have contributed to this issue. These patients 
should also receive long-term services for home and out- 
patient rehabilitation, counseling, cognitive rehabilitation, 
and vocational rehabilitation. 
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Traumatic Brain Injury – A Neurologist’s Approach

BRUNO MOURAO PACHECO, MD; ANNA WHITHAM, MD; JONATHAN F. CAHILL, MD 

Traumatic brain injury (TBI) is defined as brain injury 
caused by an external force. It remains a major global health 
concern, contributing significantly to death and disabil-
ity across all age groups. In the United States, there were 
approximately 214,000 TBI-related hospitalizations in 2020 
and 69,000 TBI-related deaths in 2021, averaging over 586 
hospitalizations and 190 deaths per day. Individuals aged 
75 years and older exhibited the highest rates of TBI-related 
hospitalizations and deaths. Males were nearly twice as 
likely to be hospitalized and three times more likely to die 
from a TBI than females.1

TBI is increasingly recognized not only as an acute insult 
but also as a chronic disease process that evolves over time. 
It carries the potential for long-term cognitive, emotional, 
and physical disability, underscoring the need for a compre-
hensive, multidisciplinary approach to care – from the point 
of injury through rehabilitation.

TBI is typically classified by severity into mild, moderate, 
and severe categories using the Glasgow Coma Scale (GCS). 
A GCS score of 13–15 indicates mild TBI, 9–12 indicates 
moderate, and 3–8 signifies severe injury. Further stratifica-
tion involves structural imaging (CT/MRI), duration of loss 
of consciousness (LOC), alteration of consciousness, and 
post-traumatic amnesia (PTA).2

Contemporary classification schemes, including the 
Mayo Classification System2 and the use of biomarkers 
and advanced imaging techniques, aim to provide a more 
nuanced characterization of injury severity and potential 
outcomes. Increasingly, the emphasis is shifting from static 
grading to dynamic, physiology-informed classification sys-
tems that account for evolving intracranial pathophysiology.

PRE-HOSPITAL EVALUATION AND MANAGEMENT

The pre-hospital phase is critical in the management of TBI, 
as early interventions can significantly influence outcomes. 
Following primary injury, secondary insults from hypoxia, 
hypoperfusion, and/or ischemia may occur in the pre-hospi-
tal setting. Key priorities include ensuring airway patency, 
providing adequate ventilation to prevent hypoxia, and 
maintaining cerebral perfusion by avoiding hypotension. 
Cervical spine precautions should be implemented until 
spinal injuries are ruled out. Rapid transport to a facility 
equipped to manage TBI is essential. Pre-hospital providers 

should perform frequent pupillary response assessments and 
report GCS score every 30 minutes or with any change in 
mental status, which could indicate early signs of hernia-
tion or increased intracranial pressure (ICP). Administration 
of hyperosmolar therapy for prophylactic treatment of sus-
pected elevated ICP, with or without signs of herniation, in 
the pre-hospital setting is not recommended.3 

IN-HOSPITAL INITIAL EVALUATION  

AND MANAGEMENT

Upon arrival at the hospital, patients with suspected TBI 
undergo a comprehensive assessment following Advanced 
Trauma Life Support (ATLS) protocols.4 This includes a 
primary survey focusing on airway, breathing, circulation, 
disability (neurological status), and exposure. Neurological 
evaluation involves determining the GCS score and assess-
ing pupil reactivity. A non-contrast head CT scan is the 
imaging modality of choice for detecting intracranial hem-
orrhages, contusions, and skull fractures. Laboratory evalua-
tions may include coagulation profiles, blood glucose levels, 
and arterial blood gases. Early neurosurgical consultation 
is warranted for patients with mass lesions or deteriorating 
neurological status.5

The 4th Edition Guidelines for the Management of Severe 
Traumatic Brain Injury provide evidence-based recommen-
dations for both treatment and monitoring strategies specific 
to adult patients with severe TBI.5 Most treatment strategies 
are aimed at reducing intracranial pressure which can be 
elevated following severe TBI. Decompressive craniectomy 
(DC) is the most definitive and rapid means of reducing or 
relieving elevated intracranial pressure. Large fronto-tem-
poro-parietal DC is recommended (Level II A) for improved 
mortality and neurological outcomes in select patients. 
However, early bifrontal DC, while effective in lowering 
intracranial pressure (ICP), reducing ICU days, and lowering 
mortality, was associated with more unfavorable outcomes at 
six months and did not show six-month functional improve-
ment as measured by the Glasgow Outcome Scale–Extended 
(GOS-E).6,7 Evidence supports the use of hypothermia as 
standard of care for neuroprotection after cardiac arrest from 
acute coronary syndromes.8 When hypothermia is induced 
early after injury and prior to intracranial pressure elevation, 
it is termed “prophylactic”. Prophylactic hypothermia lacks 
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sufficient evidence for a strong recommendation, as current 
studies are highly heterogeneous, preventing definitive con-
clusions.5 Hyperosmolar therapy also reduces intracranial 
pressure and remains a mainstay of ICP management, but 
no single agent, such as mannitol or hypertonic saline, is 
clearly favored based on current data.5 Cerebrospinal fluid 
(CSF) drainage is acknowledged for its utility in reduc-
ing ICP, though the evidence base is still developing.5, 9,10

Ventilation therapies (previously with emphasis on hyper-
ventilation) are approached with caution. The emphasis is 
on tailored ventilation strategies that reduce ICP without 
compromising cerebral perfusion.5 The use of anesthet-
ics, analgesics, and sedatives in severe TBI remains guided 
largely by clinical judgment due to the low quality of avail-
able evidence.5 Corticosteroids, particularly high-dose meth-
ylprednisolone, are not recommended (Level I), given strong 
evidence of harm.5 Nutritional support should be initiated 
early – preferably within five to seven days post-injury – as 
evidence suggests a positive impact on recovery.5 Infection 
prophylaxis now focuses on targeted strategies like oral care 
and management of ventilator-associated pneumonia (VAP). 
Prophylaxis against VAP has been previously supported by 
ANTHARTIC trial (patients after cardiac arrest)11 and most 
recently by PROPHY-VAP which focused on patients with 
acute brain injury (including stroke, subarachnoid hemor-
rhage, TBI), this showed a decreased risk of VAP, decreased 
ventilation days, decreased prolonged ICU and hospital stay, 
and decreased mortality.12 

For deep vein thrombosis (DVT) prophylaxis, a Level III 
recommendation supports the use of low molecular weight 
heparin (LMWH) or unfractionated heparin (UFH) in com-
bination with mechanical prophylaxis, provided the hem-
orrhagic risk is acceptable. Finally, clinicians routinely 
prescribed antiseizure medications of post-traumatic seizure 
(PTS) prophylaxis despite lacking clear clinical evidence 
or supporting guidelines. There is modest effectiveness in 
PTS prophylaxis in mild to moderate TBI.13 Phenytoin is 
recommended (Level II A) for early seizure prophylaxis for 
post-traumatic seizures (PTS) as it is effective in reducing 
seizures within the first seven days post-injury, though not 
for preventing late-onset seizures in severe TBI.14  How-
ever, other antiseizure medications such as levetiracetam 
may pose less risks. It is important to mention that up to 
one-quarter of patients are inappropriately discharged with 
antiseizure medications after failure to stop prophylactic 
medications after seven days.15 Prolonged and unnecessary 
antiseizure medication usage may also inhibit recovery from 
TBI, especially in moderate and severe TBI.15

Looking ahead, multimodal monitoring (MMM) represents 
a shift toward precision neurocritical care and is increas-
ingly being employed with the goal to improve outcomes in 
patients with severe TBI.16 ICP monitoring remains a founda-
tional component of TBI management. The BEST:TRIP trial, 
however, highlighted the shortcomings of relying on ICP 

monitoring alone and emphasized the importance of using 
integrated monitoring strategies.17 Cerebral perfusion pres-
sure (CPP) monitoring is similarly supported with a Level 
II B recommendation. CPP-guided therapy has been shown 
to lower two-week mortality, although the overall quality 
of evidence remains limited.5 Advanced cerebral monitoring 
(ACM) techniques are gaining interest as adjuncts to tradi-
tional methods.16 Rather than applying a one-size-fits-all 
approach, MMM supports individualized treatment strat-
egies based on real-time physiologic data. Future advance-
ments include the development of validated multimodal 
algorithms, less invasive technologies like near-infrared spec-
troscopy, and the integration of artificial intelligence for real-
time data interpretation and clinical decision support. While 
not yet standard practice, MMM offers a promising frame-
work for improving outcomes in patients with severe TBI.

EARLY COMPLICATIONS OF TBI

Early complications following TBI can significantly influ-
ence patient outcomes, so they require close monitoring and 
timely intervention. TBI experimental animal models are 
used to replicate human pathophysiology and clarify aspects 
of primary and secondary brain injury.17 

Early damage in TBI often follows from an ischemic cas-
cade and disruption of normal metabolic energy processes 
such as decreased glucose utilization, lactic acid accumula-
tion, reduced ATP usage, excitotoxicity, and cellular death.18 
One of the most critical concerns is elevated ICP, which can 
progress to brain herniation – a life-threatening emergency 
that demands immediate treatment. Seizures are another 
common complication, with approximately 10% of indi-
viduals hospitalized for moderate to severe TBI experienc-
ing post-traumatic seizures, most often within the first few 
days to weeks after injury.19 Coagulopathy is also frequently 
observed, as TBI can disrupt the coagulation cascade and 
cause platelet dysfunction akin to disseminated intravascu-
lar coagulation (DIC), which increases the risk of both intra-
cranial hemorrhage and cerebral ischemia.20-21 Additionally, 
neurogenic pulmonary edema may develop because of acute 
brain injury, posing significant challenges for respiratory 
management.22 Infections such as ventilator-associated 
pneumonia and surgical site infections are prevalent among 
TBI patients due to factors such as prolonged hospitaliza-
tion, mechanical ventilation, and compromised immune 
responses.5 Prompt recognition and management of these 
early complications are essential to improving short- and 
long-term outcomes in patients with severe TBI.

REHABILITATION STRATEGIES BEGINNING  

IN THE HOSPITAL

Early initiation of rehabilitation is essential for long-term  
recovery in almost all types of injuries.  For TBI, hospital-based 
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cognitive rehabilitation offers little to no effect on return-to-
work rates, but post-acute care becomes vitally important.23 
Compared to hypoxic-anoxic ischemic brain injury, better 
functional outcomes can be achieved after traumatic brain 
injury.24 Post-acute therapy recommendations differ with 
severity of TBI, with mild severity needing minimal therapy 
for likely return to premorbid daily functioning while severe 
TBI patients have indeterminate and variable outcomes. 
Mild TBI (mTBI) can be further characterized into uncompli-
cated and complicated, the latter referring to patients with 
findings on CT. The Collaborative European NeuroTrauma 
Effectiveness Research in TBI (CENTER-TBI) showed that 
complicated mTBI had poorer outcomes than uncomplicated 
mTBI and that greater duration of therapy predicted poorer 
outcomes, as patients with more severe injuries needed 
more intensive treatment.25 A greater number of transitions 
of care and pre-morbid psychiatric illnesses also predicted 
poorer outcomes for mTBI.23 

In contrast to mild TBI, greater duration of therapies for 
severe TBI predicted a more favorable prognosis. Recom-
mended therapies include physical (PT), occupational (OT), 
speech language pathology (SLP), psychiatric (PSY) and cog-
nitive rehabilitation. In physical therapy, greater patient 
effort and more complex therapy, rather than length of ther-
apy, are associated with improved functional outcomes.26 
Earlier and more intensive occupational therapy has been 
shown to improve outcomes.27 Social communication ap- 
proaches have been shown in a systematic review to be the 
most effective approach for SLP intervention for moderate  
to severe TBI.28 

Overall, TBI functional outcomes are influenced more by 
patient and injury characteristics than time spent in thera-
pies. For example, mechanism of TBI (assault), CT abnormal-
ities, and premorbid alcohol use predicted worse outcomes 
on the Glascow Outcome Scale Extended (GOS-E).29 The 
GOS-E is an assessment of physical, social and cognitive 
function that categorizes TBI patients in one of eight levels,  
from death to upper good recovery.30 While the GOS-E is 
widely accepted for TBI outcomes, more complex, structured 
assessments are often used to quantify TBI outcome after 
rehabilitation to capture more of the nuanced improvements. 
One such outcome measure is the Functional Independence 
Measure (FIM) Cognitive score, which measures 13 motor 
and five cognitive items and rates patients from one (total 
assistance) to seven (complete independence).26 A lower FIM 
score on admission to rehabilitation centers is associated 
with patients who had more in-hospital days prior to reha-
bilitation, Medicaid as primary payer, increased levels of agi-
tation, and younger age.26 Lower FIM scores on admission for 
rehabilitation were associated with a longer length of stay 
and decreased effort with OT/PT/SLP. Patient effort level 
(as rated by clinicians) during therapies was strongly associ-
ated with post-rehab placement, with those showing higher 
effort more likely to be discharged to a private residence.26 

Current medical interventions in the post-acute TBI 
period affect outcomes less than therapies.26 Though there 
is data to support anti-seizure medications (ASM) in preven-
tion of early post-traumatic epilepsy, late seizures (greater 
than six months post-injury) and mortality are not modified 
by ASMs.31 Similarly, neuro-protective agents such as mag-
nesium sulfate did not show benefit.32 In mild TBI, methyl-
phenidate improves cognition, n-acetyl cysteine within 24 
hours of injury helps with faster recovery, and galantamine 
improves episodic memory, but these findings cannot be 
extrapolated to those with moderate or severe TBI.33 For 
severe TBI, amantadine may hasten recovery in the first four 
weeks after injury, but overall recovery at six weeks after 
a two-week washout period was not significantly different 
from placebo.34

LATE COMPLICATIONS OF TBI

Most patients with severe TBI will have long-term disability 
in health, behavior and functional status. The United States 
Traumatic Brain Injury Model Systems of Care, which has 
followed individuals with moderate-to-severe TBI for over 
30 years, has shown that TBI increases rates of hospital-
ization and decreases life expectancy compared to the gen-
eral population.35 Deficits may not be at peak at diagnosis, 
either, with evidence for decline overtime. For example, 
in the United States, the TRACK-TBI LONG study found 
that additional functional decline occurred in 29% of mild 
TBI and 23% of moderate to severe TBI to seven years post- 
injury.35 Older age and lower acute functional status were 
associated with higher rates of post-injury decline. Rates of 
psychotic disorders, attention deficit hyperactivity disorder 
(ADHD), suicide, and depression are also increased post-TBI 
compared to a general population, with a relative risk of 
ADHD as high as 6.49 in the severe TBI cohort.36 

Chronic traumatic encephalopathy (CTE) has been an 
increasingly researched entity, thought to occur from repet-
itive mTBIs. Official diagnosis requires demonstration of 
tauopathy on autopsy. Traumatic encephalopathy syndrome 
(TES) has been coined to describe the progressive symptoms 
associated with presumed CTE. Patient-specific targeted 
rehabilitation for cognition, executive functioning and emo-
tional control in TES has been shown to improve patient-re-
ported outcomes, with mixed objective significance.37 
Physical exercise has shown to be beneficial for motor func-
tion, balance and cognition in tauopathies,38 and this has 
been extrapolated to treatment of TES. 

Challenges with TBI rehabilitation research include the 
lack of standardized scoring as well as the observational 
and longitudinal nature of studies. As discussed previously, 
GOS-E is the most widely used outcome measure because of 
its simplicity and flexibility of administration including low 
administration time, but it may fail to capture symptoms 
and quality of life after TBI. Because long-term outcome 
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research requires the passing of time, studies are more logis-
tically demanding and subject to error from patient loss to 
follow-up. 
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Common Sequelae of Severe Traumatic Brain Injury: A Case Report

STEPHAN P. PIRNIE, MD, PhD

ABSTRACT 

Severe traumatic brain injuries (TBI) are caused by ex-
ternal forces that damage brain tissue and result in pro-
longed cognitive, sensory and motor deficits. This case 
report highlights the neurocognitive, motor, and sensory 
results of severe traumatic brain injury as well as several 
sequelae that often complicate TBI. 

KEYWORDS:  Brain Injury; TBI; Diffuse Axonal Injury; 
Heterotopic ossification; Post-traumatic Amnesia  

INTRODUCTION

Traumatic Brain Injuries (TBI) exist on a spectrum of sever-
ity from mild TBI/concussion with time-limited symptoms 
to severe traumatic brain injury with long-term, significant 
cognitive, motor, and sensory deficits. Severe traumatic brain 
injury results from an external force applied to the brain and 
is defined by one or more of the following criteria: loss of 
consciousness for greater than 24 hours, initial Glasgow 
Coma Scale (GCS) of 3–8, and an episode of post-traumatic 
amnesia lasting greater than seven days. Additionally, the 
clinical course of these patients usually involves complica-
tions, including dysphagia, prolonged 
respiratory failure, heterotopic ossifi-
cation, agitation and restlessness, and 
concomitant orthopedic injuries. The 
following case describes the complex 
medical management and complica-
tions of a patient with a severe TBI. 

CASE PRESENTATION

A 40-year-old man was the helmeted 
rider of a motorcycle that crashed into 
a car at highway speeds. His GCS in 
the field was 6–7, and he was intu-
bated on arrival at the ED. Imaging 
demonstrated a subarachnoid hem-
orrhage, subdural hematoma, intra-
parenchymal contusions [Figure 1], 
facial fractures, bilateral rib fractures, 
pneumothorax, left hemothorax, left 
scapular fracture, right cervical ICA 

dissection, right scaphoid fracture, and left perilunate dis-
location. Five days later, an MRI scan of the brain redemon-
strated multifocal intraparenchymal hematomas, notably 
in the rostral corpus callosum, frontal lobes, and anterior 
(right greater than left) temporal lobes [Figures 2,3]. Addi-
tional findings included multifocal microhemorrhages and 
diffusion-restricting foci that were consistent with diffuse 
axonal injury (DAI) [Figure 4]. 

He required a tracheostomy for prolonged endotracheal 
intubation. Due to severe dysphagia, a PEG tube was 
placed to allow enteral nutrition. His acute hospital course 
included multiple surgical procedures, including stabiliza-
tion of facial fractures, open reduction and internal fixation 
(ORIF) of the right scaphoid fracture, and pinning of the 
left fifth metacarpal. His early acute course was notable for 
ongoing decreased alertness, and he was started on amanta-
dine.1 He developed significant psychomotor agitation, for 
which he started on propranolol. He had movement of the 
right upper and lower extremities but limited spontaneous 
movement on the left. With range of motion during ther-
apy, he demonstrated significant pain with passive move-
ment of his left upper extremity, especially at the elbow.  
Further evaluation revealed elevated alkaline phosphatase 

and heterotopic ossification (HO) in 
his left distal triceps on plain radio-
graph [Figure 5]. He started indometh-
acin2 but did not tolerate a full course 
because of GI side effects. 

Approximately 1.5 months follow-
ing his injury, he was following simple 
commands but remained disoriented 
and had limited verbal output. Two 
months following his injury, he was 
able to vocalize spontaneously and fol-
low simple one-step commands con-
sistently. Approximately 2.5 months 
after his injury, he was transferred for 
acute inpatient rehabilitation to focus 
on intensive therapy with ongoing 
management of his medical sequelae.

The patient made slow but consis-
tent progress, with improved move-
ment of his left side, verbal output, 
carryover of commands, memory, and 

Figure 1. Non-Contrast CT Brain demonstrating 

Intraparenchymal hemorrhage in the bilateral 

medial frontal lobe and parafalcine subarach-

noid hemorrhage. 
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orientation. He emerged from post-
traumatic amnesia approximately 
three months after his initial injury, 
evidenced by consistent orientation. 
His dysphagia was mainly charac-
terized by oral apraxia, but he pro-
gressed to an oral diet; he improved 
to the point of meeting his nutri-
tional needs, and his PEG tube was 
removed prior to discharge. Pro-
pranolol was weaned off as his psy-
chomotor agitation improved with 
improving cognition. During his 
inpatient rehabilitation, he improved 
his ambulation; at the time of dis-
charge, he needed contact guard for 
stand-pivot transfers and ambula-
tion up to 150+ feet with a platform 
rolling walker. He continued to need minimal assistance 
for ADLs, including bathing and dressing. Throughout 
his rehabilitation course, he had significant support from 
his wife, who was able to provide assistance at home. She 
decreased barriers to his home discharge by installing a ramp 
at an entrance to their home and grab bars in the bathroom 
to improve his mobility and safety. He was eventually dis-
charged home with his wife approximately five months  
following his injury. 

Due to ongoing focal weakness in his left upper extrem-
ity and localized sensory loss in the ulnar aspect of the 
hand, there was concern for a peripheral nerve injury at the  
brachial plexus or ulnar nerve. 

Electromyography and nerve conduction studies (EMG/
NCV) demonstrated significant ulnar nerve injury, with evi-
dence of axonal injury and demyelination localized at the  

Figure 2. MRI brain demonstrating  

FLAIR hyperintensity

Figure 3. Intraparenchymal hemorrhage (SWI 

sequence which highlights areas of hemosiderin 

deposition) in the right medial frontal lobe.

Figure 4. SWI MRI images with microhemor-

rhages in the bilateral cerebral hemispheres, 

consistent with diffuse axonal injury.

Figure 5. Plain radiograph of the left elbow, with a 

focus of heterotopic ossification in the distal triceps. 

elbow, which has been associated 
with heterotopic ossification in this 
location.3 His home therapy focused 
on improving his independence with 
ADLs, fine motor function, balance, 
and ambulation. 

DISCUSSION

This case report highlights a typical 
recovery course of a patient with a 
severe TBI. His neurologic imaging 
displayed focal structural disrup-
tions reflected in intraparenchymal 
hemorrhage/contusions as well as 
cellular neuronal damage, or diffuse 
axonal injury. These different pri-
mary neurologic injuries lead to dif-

ferent functional outcomes. For example, focal contusions 
in the parietal lobe may cause hemisensory loss and frontal 
lobe contusions typically lead to disinhibition. Conversely, 
diffuse axonal injury often leads to more global symptoms 
such as slowed processing time, post-traumatic amnesia, or 
disorders of consciousness including coma and minimally 
conscious state.4 This case highlights the positive outcomes 
but prolonged recovery after TBI, as this patient’s total hos-
pitalization was approximately four months from admission 
to discharge home. 

This case also highlights some common sequelae of severe 
TBI, including dysphagia, prolonged respiratory failure, agi-
tation and restlessness, and concomitant orthopedic injuries. 
Rehabilitation for TBI focuses on symptom management to 
allow optimal participation in physical, occupational, and 
speech therapy as well as maximum functional recovery. 
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Rehabilitation Strategies for Traumatic Brain Injury:  

Insights and Innovations

ALEXIOS G. CARAYANNOPOULOS, DO, MPH, DABPMR, FFSMB, FAAOE; STEPHAN P. PIRNIE, MD, PhD;  

ALEXANDRA I. GUNDERSEN, MD; CLAUDIA HENTSCHEL, MD  

INTRODUCTION

Traumatic brain injury (TBI) represents a significant pub-
lic health challenge, manifesting in a spectrum of cogni-
tive, physical, and emotional impairments that profoundly 
affect individuals’ long-term functioning. In Rhode Island, 
where the prevalence of TBI is on the rise, addressing the 
complexities of rehabilitation is of paramount importance. 
This article is a review of current rehabilitation strategies 
for the evaluation and treatment of individuals with TBI, 
with a focus on aphasia, dysphagia, paresis, respiratory  
dysfunction, cognition, behavior, and long-term outcomes.

ACUTE REHABILITATION GOALS  

AND TREATMENT STRATEGIES

Participation in interdisciplinary rehabilitation should begin 
in the intensive care unit to mitigate the complications of 
critical illness.1 Acute inpatient rehabilitation after TBI is 
associated with improved long-term functional outcomes, 
lower mortality, and greater odds of regaining independence 
in the community.2 Treatment teams consist of therapists, 
occupational therapists, and speech and language patholo-
gists, a case manager, social worker, and a physiatrist as well 
as consultants such as psychiatry, neurology, psychology 
and nutrition.

COMMON SEQUELAE AND  

MANAGEMENT STRATEGIES

Traumatic brain injury can lead to a variety of neurological 
impairments dependent on damage to specific brain areas 
or pathways, causing disruptions in the brain’s ability to 
control and coordinate various bodily functions. The extent 
of these impairments can widely vary depending on factors 
such as the severity of injury, location, and the individual’s 
health. Common sequalae of traumatic brain injury include 
pain, autonomic dysfunction, spasticity, aphasia, dysphagia, 
paresis, seizures, respiratory dysfunction, as well as cogni-
tive and behavioral impairments.3 Any of these complica-
tions alone or in aggregate can significantly limit a patient’s 
function and quality of life. 

APHASIA AND DYSPHAGIA

Traumatic brain injury can damage language centers in the 
left hemisphere, where Broca’s and Wernicke’s areas are 
located. Broca’s aphasia affects speech production and flu-
ency, while Wernicke’s aphasia impacts language compre-
hension. Dysphagia, or difficulty swallowing, can occur 
with damage to areas that control muscles in the swallowing 
process, including the brainstem and cortical regions such 
as the precentral gyrus. Aphasia and dysphagia significantly 
impact communication and feeding, affecting quality of life 
post-injury. Speech therapy targets improvement of lan-
guage skills and swallowing capabilities through exercises 
to strengthen oral muscles and improve speech clarity. Tech-
nology aids such as speech-generating devices also assist 
communication. Percutaneous endoscopic gastrostomy 
(PEG) is used when oral feeding is unsafe; a feeding tube is 
inserted directly into the stomach, with careful monitoring 
to ensure proper nutrition and tube function.

PARESIS

Paresis, or muscle weakness, results from injury to the  
corticospinal tract or motor cortex, which are responsible 
for voluntary muscle movement. Depending on the location, 
this can lead to unilateral or bilateral weakness. In severe 
cases, it can progress to paralysis of the affected muscles. 
Rehabilitation for paresis focuses on restoring movement 
using functional electrical stimulation (FES), task-specific 
training, and motor learning to promote strength and coordi-
nation. Severe TBI and resultant immobility can predispose 
to heterotopic ossification, which can be diagnosed through 
symptoms (pain, swelling, decreased range of motion) and 
imaging and managed with physical or occupational ther-
apy, medications to halt ossification, or surgical interven-
tion in severe cases.

COGNITIVE IMPAIRMENT AND DISORDERS  

OF CONSCIOUSNESS (DOC)

While both cognitive impairment and DOC are consequences 
of brain injury, they differ in the severity and location of 
injury, which affects their pathophysiology and rehabilita-
tion approaches. Cognitive impairment results from damage 
to brain regions like the prefrontal cortex, temporal lobes, 
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or hippocampus. Pathophysiological changes may include 
disrupted neural networks, neurotransmitter imbalances, 
and neuronal damage, which affect memory, attention, lan-
guage, and executive function. DOC result from widespread 
or severe brain injury to the reticular activating system, 
thalamus, or cortex, leading to impaired arousal and aware-
ness; these disorders include coma, vegetative state, and 
minimally conscious state. 

Cognitive rehabilitation therapy (CRT) focuses on 
retraining cognitive processes through exercises, tasks, 
and compensatory strategies. CRT may incorporate phar-
macotherapy to manage symptoms like attention deficit 
or depression as well as structured tasks like memory aids 
and puzzles. Environmental modifications are important to 
reduce distractions. 

Cognitive-behavioral therapy (CBT) can address cognitive, 
emotional, and behavioral challenges to mitigate agitation, 
impulsivity, and emotional dysregulation. Personalized 
strategies include cognitive restructuring, behavioral activa-
tion, managing triggers, symptom management, goal-setting,  
and problem-solving to promote recovery and improve qual-
ity of life. CBT should include the patient, family, and care-
givers to be most effective. For DOC, sensory stimulation 
therapy engages the patient with auditory, visual, tactile, 
and olfactory stimuli to enhance arousal and responsive-
ness. Medications like amantadine have been studied for 
their potential to improve outcomes.4 Family and caregiver 
support training is important for those involved in day-to-
day care of these complex patients. Emerging technologies 
include neuroimaging and brain-computer interfaces (BCI) 
for diagnosis and treatment options. 

RESPIRATORY ISSUES

Traumatic brain injury can cause irregular breathing or 
respiratory failure from damage to the brainstem; dysregula-
tion of respiratory depth and rhythm from damage to neural 
pathways; aspiration from disruption of the autonomic ner-
vous system; and sleep apnea from muscle weakness of the 
diaphragm. Respiratory therapy aims to improve ventilation, 
maintain airway clearance, and prevent complications such 
as pneumonia. Mechanical ventilation is often necessary in 
severe cases, which includes ventilators that either assist or 
take over the breathing process. Continuous positive airway 
pressure (CPAP) provides a steady flow of air to maintain 
airway patency. Tracheostomy is performed when long-
term ventilatory support is required. Suctioning can remove 
secretions to prevent airway blockage and infections. Sup-
plemental oxygen delivered via nasal cannula or mask can 
ensure adequate oxygenation; nebulization directly delivers 
bronchodilators and corticosteroids to the lungs to open 
the airways and reduce inflammation. Airway clearance 
techniques include chest therapy, coughing exercises, and 
postural drainage to clear mucus and prevent pneumonia. 

Finally, inspiratory muscle training (IMT) employs tools 
and exercises to strengthen the diaphragm and intercostal  
muscles to improve respiratory function. 

LONG-TERM OUTCOMES FOLLOWING TBI

Traumatic brain injuries can range in severity from mild to 
severe. Multiple factors including the patient’s history and 
risk factors, mechanism/type of injury, extent of injury, and 
recovery timeline all impact the severity of the brain injury. 
While prognostication for both long-term recovery and over-
all functioning after traumatic brain injury is not an exact 
science, there are multiple tools that can provide guidance 
for patients, their families, and medical providers. Utilizing 
these predictors for prognosis allows for improved patient 
care and expectation setting for long-term management.

The Glasgow Coma Scale (GCS) is one of the first scores 
utilized during a trauma evaluation (especially when a pos-
sible brain injury is suspected). The GCS is made up of three 
parts to assess the severity of the brain injury, with a highest 
score of 15 and a lowest score of 3. The best motor response 
ranges from 1 (no response) to 6 (obeys verbal commands). 
The best verbal response ranges from 1 (no response) to 5 (able 
to converse, is alert, and oriented). Eye opening ranges from 
1 (no eye opening) to 4 (opens eyes spontaneously). The more 
severe the injury, the lower the score, with a mild TBI being 
categorized by GCS of 13–15, moderate TBI from 9 to 12, and 
severe TBI from 3 to 8. While all three parts are important 
for assessment, the best motor response is the best predictor 
of outcome. Overall worse outcome is based on the lowest 
GCS in the first 24 hours of injury. The Glasgow Outcome 
Scale (GOS) illustrates the relationship between GCS and 
possible recovery/level of disability. It is divided into five 
categories, ranging all the way from death to good recovery. 
The Glasgow Outcome Scale Extended (GOSE) is a newer 
instrument, with an expanded 8-point scale for levels of dis-
ability after TBI. For example, while the GOS simply has 
severe disability, GOSE includes lower severe disability and 
upper severe disability, based on “frequent” vs. “infrequent”  
assistance for activities of daily living.

Other predictors of long-term outcome and recovery 
after TBI include duration of the coma and post-traumatic 
amnesia (PTA). PTA is described as the time when the 
patient can recall daily events after their injury. It is often 
assessed through the Galveston Orientation and Amnesia 
Test (GOAT) or the Orientation Log (O-log). A score of 75 
or higher on the GOAT or 25 or higher on the O-log for two 
consecutive days indicate that the patient is no longer in 
PTA. Longer durations of coma and PTA are both associated 
with worse outcomes. The Disability Rating Scale and the 
Coma Recovery Scale are also used to assess early recovery 
and predict final functional outcome.

Younger age (specifically age >5 and <65) often predicts  
improved outcomes. The presence of significant neuro- 
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imaging findings (e.g., bi-hemispheric lesions) and neurolog-
ical findings such as non-reactive pupils, decerebrate pos-
turing, and oculocephalic signs are all associated with poor 
outcomes. Deficient or absent somatosensory evoked poten-
tials (SSEPs) have also been associated with poor outcomes. 
Lastly, levels of proteins in the blood such as Glial Fibrillary 
Acidic Protein (GFAP), Ubiquitin C-terminal Hydrolase L1 
(UCH-L1), neurofilament light chain (NfL), and S100B can 
be measured to further assess the severity of a traumatic 
brain injury.

Utilizing these prognostic scores to predict the extent of 
disability after TBI allow the patient and family to better 
prepare for the future. This creates time to arrange support 
within the home, whether from family caregivers (requiring 
teaching) or external help (home health aides). Home mod-
ifications can also be made to improve functional indepen-
dence and decrease caregiver burden. For example, stair/
chair lifts and ramps can be installed to make homes acces-
sible. Durable medical equipment (DME) like commodes, 
shower chairs, and ambulation devices assist with improv-
ing a patient’s independence with activities of daily living 
and mobility. Communication aids also allow patients to 
express their needs and interact without relying entirely 
on family members. During the acute rehabilitation stay, 
case managers, therapists, and social workers ensure the 
safest discharge plan, provide information on community 
resources, and order DME.

Early access to interdisciplinary rehabilitation care is 
essential for maximizing the possibility of independent liv-
ing. This usually includes physical, occupational, and speech 
therapy along with cognitive rehabilitation and behavioral 
therapy in the acute care, post-acute care (inpatient rehabil-
itation), home, and outpatient settings. Early rehabilitation 
can also assess the need for adaptive equipment and fam-
ily education. Brain injury organizations at both the local 
and national level are sources of education and support. For 
patients who wish to return to work, a gradual transition or 
engaging in vocational rehabilitation are recommended. 

Impaired physical functioning, cognitive and behavioral 
changes, and increased psychosocial stressors after TBI can 
all be limiting factors to returning to work. Pre-injury fac-
tors such as employment status, education level, occupa-
tion,  and demographics (age, marital status) are predictors 
for returning to work. Factors related to the brain injury 
– GCS, overall disability level/injury severity (similar to 
GOSE), and length-of-hospital stay – are also predictors for 
working after TBI. Workplace accommodations including 
modifications such as increased break time/frequency and 
access to vocational rehabilitation are associated with an 
increased likelihood to return to work.

AREAS OF NEED IN RHODE ISLAND

The care of patients with traumatic brain injury is complex 
and requires multiple medical specialties, therapists, social 
workers, and community resources to properly care for 
patients and support their families.  There are clearly areas 
of success as well as opportunities for improving access to 
these resources in Rhode Island.  Trauma centers within the 
state have excellent neurologic and neurosurgical care, and 
several inpatient rehabilitation units provide post-acute care 
for patients with TBI.  However, these patients often face 
difficulty with ongoing support following their inpatient 
rehabilitation.

Physical medicine and rehabilitation providers receive 
education and training on the care of patients with TBI 
during residency. Advanced fellowship training and board 
certification are available, but there are no brain injury spe-
cialists in Rhode Island.  To access this specialized care, 
patients must travel to neighboring states (Connecticut and 
Massachusetts).  Additionally, patients need home health 
agencies that can manage the behavioral challenges associ-
ated with TBI. There is limited long-term care for patients 
who are physically functional but cognitively impaired  and 
unable to return home. Further challenges include limited 
availability of cognitive and neuropsychology programs for 
supporting patients in the outpatient setting. There are areas 
of improvement for the care of patients with TBI in Rhode 
Island. For instance, information packets with local and 
national resources for clinical care and community support 
of patients with TBI would be helpful at acute care hospitals 
and primary care clinics. Patients with TBI have complex 
care needs, and interdisciplinary care centers that include 
neurosurgery, physical medicine and rehabilitation physi-
cians, therapists, psychologists, and social workers would 
lead to more efficient and comprehensive treatment. Finally, 
the state should invest in recruiting physicians, therapists, 
neuropsychologists, and social workers who specialize in 
caring for patients with TBI.

CONCLUSION

The multifaceted nature of TBI rehabilitation calls for a 
collaborative approach that incorporates innovative prac-
tices and addresses the unique needs of these individuals. 
Effective assessment tools, personalized interventions, and 
ongoing support will help optimize long-term functional 
outcomes for TBI survivors in Rhode Island. Continued 
efforts to identify gaps in care and enhance rehabilitation 
practices will play a critical role in improving the trajectory 
of recovery for this vulnerable population.
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Restoring Function After TBI: A Review of Physical Therapy Strategies 

for Balance, Gait, and Dual-Task Recovery

KENNETH VINACCO, PT, DPT, NCS; NICOLE RAWNSLEY, PT, DPT, NCS; ELIZABETH KOLATOR, PT, DPT, GCS, CLT;  

JON A. MUKAND, MD, PhD

ABSTRACT 

Individuals with moderate to severe traumatic brain in-
jury (TBI) often experience impairments in balance, gait, 
and dual-task ability, limiting their functional indepen-
dence and community reintegration. These deficits arise 
from disruptions across sensory, motor, and cognitive 
systems, requiring comprehensive physical therapy (PT) 
assessment and intervention. PT evaluations incorporate 
strength, coordination, and sensory integration measures 
using standardized outcome measures such as the Berg 
Balance Scale, Functional Gait Assessment, and dual-task 
assessments such as the Timed Up and Go (cognitive). 
Treatment strategies include high-intensity training, gait 
and balance training, and vestibular rehabilitation, each 
targeting specific deficits to promote neuroplasticity and 
recovery. Technological interventions like the LiteGait®, 
virtual reality, and the Bioness Integrated Therapy Sys-
tem enhance therapy outcomes by improving safety, cog-
nition, and balance. PTs must address psychosocial barri-
ers and collaborate across disciplines to support holistic 
recovery. Ongoing evaluation using outcome measures 
guides treatment progression and readiness for com-
munity reintegration, highlighting PT’s critical role in  
restoring functional independence post-TBI.

INTRODUCTION 

Patients with moderate to severe traumatic brain injury 
(TBI) often have impaired balance, gait, and dual-task ability, 
which impacts their self-care, household, and community 
activities.1 Balance deficits can be related to disruption of 
the complex integration between sensory, visual, and ves-
tibular systems.2 Individuals with TBI frequently demon-
strate altered gait patterns, reduced walking speed, and 
impaired balance, particularly under dual-task conditions 
where cognitive and motor demands compete for attentional 
resources. Due to the multi-system effects that a TBI can 
have on cognition, sensory, and motor systems, there are 
limited available resources, leading to increased attentional 
demands while walking.3

Physical therapy (PT) plays an essential role in assessing 
balance and gait impairments, with quantitative and qual-
itative tools and outcome measures.4 A physical therapy 

evaluation is multifaceted, including assessment of strength, 
range of motion, posture, balance, and gait while simultane-
ously considering cognition, sensory processing, and coor-
dination. This assessment is the basis for treating balance, 
gait, and dual-task ability in people with TBI, which helps 
with re-integration back into the community.  

ASSESSMENT OF BALANCE AND GAIT DEFICITS    

Patients with TBI may experience impairments of the 
visual, vestibular, and proprioceptive systems, which 
are the primary mechanisms for postural control and bal-
ance.5 Impairments in the ability to integrate information 
from these systems may also affect postural control and 
balance. TBIs can be diffuse, so other brain regions that 
maintain postural control may be damaged, including the 
cerebellum, pre-motor and motor cortices, and involvement 
of the vestibular system and cranial nerves. This can result 
in dyscoordination, weakness, spasticity, and abnormal 
motor planning, which further impairs balance in patients 
with TBI. As such, clinicians should examine these sys-
tems to determine if there are problems with their function  
or integration.2,6

In 2016, the Academy of Neurologic Physical Therapy 
(ANPT) published recommendations for outcome measures, 
including balance, when assessing patients with TBI, fol-
lowed by additional recommendations in 2018 for patients 
with neurologic impairments.4,7 

For patients with limitations in static and anticipatory 
standing balance, the Berg Balance Scale (BBS) is helpful in 
assessing fall risk, identifying treatment goals, and tracking 
progress. Patients who can ambulate with or without a device 
should have evaluations of their dynamic balance with the 
Functional Gait Assessment (FGA) or the FGA-Advanced 
(FGA-A).2 Patients with TBI who are engaged in high level 
functional mobility in the community should be assessed 
with the High-Level Mobility Assessment Tool (HI-MAT) or 
Community Balance Mobility Assessment Tool (CBMT).8,9

ASSESSMENT OF DUAL-TASK DEFICITS IN TBI   

Many daily activities involve concurrent motor tasks  
(walking while holding a box) or cognitive-motor tasks (con-
versing and driving).10 Dual tasking requires the coordination 
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of multiple areas of the brain, including sensory, motor, 
and executive function, which can be disrupted in patients  
with TBI.11 

A study demonstrated limitations in dual-task ability 
through use of the Stroop Word Task, which assesses atten-
tion and executive function based on the time to complete 
the task as well as the number of errors.12 This study also 
demonstrated that people with a TBI exhibited greater diffi-
culty, slower gait speed, and more caution when navigating 
obstacles, which may suggest increased reliance on atten-
tion for safety. 

Although cognitive/communication impairments after 
TBI are usually evaluated by speech-language pathologists 
or occupational therapists, physical therapists also assess 
these deficits as they relate to balance and gait function. 
There are several tests that are recommended to assess dual-
task ability across neurologic populations, including TBI. 
Standardized tests such as Walking While Talking (WWTT), 
Walking And Remembering (WART), and TUG-Cognitive 
(TUG-C) have shown excellent reliability and high inter- 
and intra-rater testing.13 Dual-Task Cost (DTC) can be cal-
culated with these outcome measures as follows: ((dual 
task performance-single task performance)/single task per-
formance x 100). This provides a quantitative measure for 
changes in dual-task integration throughout the rehabilita-
tion program.3,14 Further research is needed to obtain data 
for dual-task cost related to TBI, but it remains a valuable 
assessment to monitor progress in dual-task ability.  

TREATMENT OF BALANCE, GAIT,  

AND DUAL-TASK DEFICITS 

Exercise is beneficial for individuals with chronic mod-
erate-to-severe acquired brain injury. After six weeks of a 
moderate-to-high intensity program, a study demonstrated 
significant improvements in endurance, advanced gait, 
and ambulatory status, which were maintained six weeks 
after the program ended.15 Exercise also improved physi-
cal, cognitive, emotional, and social functioning as well as 
overall well-being. Encouraging participants to reconnect 
with their “athlete” identity, based on their past involve-
ment in sports, was highly motivating and contributed to 
positive psycho-social outcomes. This approach helped 
bridge the gap between their “old self” (pre-injury) and “new 
self” (post-injury), promoting a sense of self-affirmation 
and boosting their confidence. Overall, increasing physi-
cal activity while incorporating salient social aspects kept  
participants engaged.15

Patients with TBI can improve their balance through treat-
ment strategies that integrate principles of motor learning to 
induce functional neuroplasticity.16 However, there is lim-
ited evidence for the effectiveness of balance interventions 
in people with moderate to severe TBI.17 Current treatment 
strategies to address balance in this population include high 

intensity training (HIT), vestibular rehabilitation therapy 
(VRT), and virtual reality (VR).  

HIT has been utilized for dynamic balance retraining in 
neurologic diagnoses including stroke, SCI, and TBI, but 
there is a paucity of literature on HIT for patients with TBI. 
Although strokes and TBI have different mechanisms of 
injury, both involve damage to the white matter, leading to 
similar functional deficits.18,19 For this reason, the evidence 
for people with chronic strokes has been extrapolated to 
people with chronic TBI. Studies have demonstrated sus-
tained improvements in transfers, balance confidence, and 
dynamic balance with HIT when compared to low intensity 
controls.18,20 More studies are needed to explore the bene-
fits of HIT training for patients with chronic moderate to  
severe TBI.   

Treadmill walking with support harnesses, such as the 
LiteGait® system, can be used to assist patients through 
partial weight support or as a safety harness, depending on 
the patient’s abilities. It allows for repetitive gait training 
and high intensity training while maintaining safety, which 
can enhance neuroplasticity and motor learning.21 Although 
research has not demonstrated the benefits of body-weight-
supported treadmill training for people with an acquired 
brain injury, it is an effective approach for improving walk-
ing capacity and gait quality. The repetitive nature of this 
training is thought to re-establish sensorimotor systems in 
individuals with moderate to severe chronic brain injuries.22

VRT is also utilized by physical therapists to improve bal-
ance for individuals with chronic moderate to severe TBI. 
VRT can include gaze stability training, habituation to dizzi-
ness, and balance exercises. Gaze stability training involves 
focusing on a target coupled with head motion, which 
recruits the vestibular ocular reflex (VOR). Habituation 
exercises induce moderate dizziness to help the brain adapt 
and reduce the intensity of dizziness. Balance exercises usu-
ally focus on sensory integration to improve vestibular and 
other sensory inputs.23 The evidence for VRT on balance is 
mixed but favors VRT over conventional PT.23,24 VRT may 
also include canalith repositioning maneuvers (CRM) for 
patients with Benign Paroxysmal Positional Vertigo (BPPV), 
which can affect 4–38% of people with TBI.25,26 The effec-
tiveness of CRMs ranges from 60–85% but recovery may be 
more prolonged in patients with TBI.27,28 These maneuvers 
can cause neck/back injuries, nausea, and dizziness, so they 
should be performed by only well-trained therapists. 

VR programs are emerging as treatments to augment bal-
ance therapy and even improve cognitive deficits for people 
with TBI.29 Some of these VR systems immerse individuals 
in environments with obstacles and other pedestrians, so 
they have to focus on safe ambulation in the community. A 
small systematic review found no significant differences in 
balance outcomes between VR and conventional PT, but the 
authors noted that VR has promising effects on the visual, 
somatosensory, and vestibular systems; it also includes 
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motor learning principles such as repetition, feedback, and 
motivation.6 Given that VR is more accessible in clinical set-
tings, its utilization offers clinicians the ability to augment 
balance treatment and integrate motor learning principles.  

A study on avoiding collisions with virtual pedestrians 
showed that patients with moderate to severe TBI have loco-
motor limitations as well as reduced cognitive task accu-
racy under dual-task conditions.29 With VR they can safely 
practice interactions with virtual pedestrians and less risk 
of falls and injuries As expected, participants with TBI had 
alterations in their gait and balance for obstacle avoidance. 
They also had difficulties with dual-tasking and avoiding 
pedestrians from multiple directions. This study demon-
strated that increased task complexity had a greater impact 
on gait and balance. 

Another technology, the Bioness Integrate System (BITS), 
has been utilized in the rehab setting to improve visual and 
spatial function. The BITS is a computer-based interactive 
tool that offers a variety of programs to improve visual, cog-
nitive, and motor impairments in neurological populations. 
These activities are designed to improve reaction time, 
working memory, visuospatial perception, balance, and 
postural stability. These tasks can be measured for changes 
during a patient’s rehabilitation treatment. There is limited 
research for its use in the TBI population, but other neu-
rological conditions such as stroke have responded well to  
this training.30

CONCLUSION   

Physical therapists play a vital role in the assessment and 
treatment of balance, gait, and dual-task deficits following 
chronic moderate-to severe TBI. There is mixed evidence for 
some of the above treatments, but these interventions have 
improved balance, mobility, and safety. PTs should assess 
patients with TBI to determine which treatment strategies 
are best for balance, gait, and dual-task impairments. Psy-
chological and social barriers should also be considered, 
given their prevalence in this population and their potential 
role in community re-integration.23 More research is needed 
to determine which treatment strategies are most effective 
for treating patients with chronic moderate to severe TBI.   

Overall, progress is tracked throughout the rehabilitation 
program to determine when patients are ready for reintegra-
tion into the community or their work life. This includes 
regular assessments of gait speed, balance and fall risk, 
and cognitive recovery. Standardized outcome measures 
should be used to assess cognition, dual-task function, bal-
ance, gait, and functional mobility. These tools can guide 
physical therapists in determining functional abilities and 
progress during the rehabilitation process. The goal of reha-
bilitation is to help patients return to their community and 
work environments through physical, cognitive, emotional, 
and social recovery. This ensures that patients can function 

as independently as possible. Physical therapists should 
actively work within an interdisciplinary team to meet 
these goals. 
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Cognitive-Communication Rehabilitation after Brain Injuries

JOAN M. JORDAN, DHA, CCC-SLP; JON A. MUKAND, MD, PhD

ABSTRACT 

Speech-language pathologists (SLPs) provide communica-
tive and cognitive rehabilitation for people with brain in-
juries, and this article describes current assessment and 
treatment after a brain injury. Cognitive problems can 
affect attention, concentration, and memory, as well as 
metacognitive skills to self-monitor, control, and adjust 
one’s thinking. Speech-language pathology (SLP) rehabil-
itation is initiated in acute inpatient settings and then 
through a continuum of inpatient rehabilitation, skilled 
nursing facility, home care, and outpatient settings. 
Speech-language pathology helps adults with brain inju-
ry return to work; sports-related concussion care is pro-
vided in school settings. SLPs use assessment tools with 
normative comparisons to determine severity levels and 
treatment plans. Patient-centered approaches are used 
for assessment and treatment plans, to identify specific 
functional needs that may direct the treatment towards 
specific functional outcomes.

KEYWORDS:  Speech-language pathology; communicative 
and cognitive rehabilitation; brain injuries  

INTRODUCTION

In the United States, there are more than 586 Traumatic Brain 
Injury (TBI)-related hospitalizations and 190 TBI-related 
deaths per day, according to the Centers for Disease Control 
and Prevention (CDC).1 For those who survive a brain injury, 
rehabilitation and medical care can range from minimal to 
intensive levels. Depending on the location and severity of 
the brain injury, an individual’s ability to walk, talk, and 
care for oneself can vary substantially. Mild to severe TBI 
can impact a person’s abilities related to cognition and com-
munication.1,2. Speech-language pathology (SLP) has served 
on the forefront of communicative and cognitive rehabili-
tation for people with brain injuries.3 This article describes 
current SLP treatment to restore cognitive-linguistic skills 
after a brain injury.  

COGNITIVE REHABILITATION 

Cognitive problems caused by a brain injury can affect atten-
tion, concentration, and memory (especially short-term 

memory).3 In addition, an individual’s metacognitive abil-
ities and skills can be affected.4 These cognitive systems 
are the basis for communication skills with respect to one’s 
ability to comprehend what is spoken as well as the ability 
to respond with a clear and understandable message. Cogni-
tive-communication impairments are typically assessed and 
treated by speech-language pathologists (SLPs), who coordi-
nate this aspect of rehabilitation for brain-injured patients.6 
There are several cognitive systems that the speech-lan-
guage pathologist evaluates and treats, to improve cognition 
and communication after a brain injury. 

Metacognition is described as systems that include the 
ability to self-monitor, control, and adjust one’s thinking 
through self-awareness and self-regulation. Self-awareness is 
the ability to know one’s own emotions, beliefs, and values, 
as well as recognize how they are being perceived by others. 
Self-regulation is the ability to manage one’s behaviors and 
actions in the context of social rules and settings. 

CURRENT PRACTICE PATTERNS

SLP services vary depending on the degree and location of 
the brain injury.5 SLP rehabilitation is initiated in acute 
inpatient settings,4 and it progresses through a continuum 
of inpatient rehabilitation, skilled nursing facility, home 
care, and outpatient settings. Speech pathology serves on 
the forefront of return-to-work programming among adults 
with brain injury.6 With the advent of sports-related concus-
sion care, SLP is also provided in school settings.6,9,12  Based 
upon the patient’s needs and severity level, the speech-lan-
guage pathologist determines the most appropriate model 
of assessment and intervention to achieve the best level of 
outcomes. 

ASSESSMENT

Multiple factors are considered in selecting specific tests 
and protocols to assess the cognitive skills of patients with 
brain injuries.3,7 SLPs use assessment tools with normative 
comparisons to determine severity levels and treatment 
plans. Standardized testing also supports the basis for SLP 
services for insurance reimbursement. Criterion-referenced 
assessments for cognitive skills can provide effective mea-
sures that identify severity levels and specific systems of 
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cognitive impairment. Patient-centered approaches are used 
for assessment and treatment plans, to identify specific func-
tional needs that may direct the treatment towards specific 
functional outcomes (e.g., financial management, cooking, 
return to work). 

SLPs are a part of interdisciplinary teams, and they play 
a leadership role for the assessment and treatment of the 
patient’s cognitive skills.8 It should be noted, however, that 
other team members also assess the patient’s cognitive skills 
that impact function. For instance, nurses assess cognitive 
skills related to remembering medications by name, dosage, 
and purpose. Physical therapists assess cognition in the con-
text of safety with transfers and ambulation. Occupational 
therapists evaluate cognitive skills to improve safety and 
function with bathing, dressing, toileting, etc. SLPs collab-
orate with all disciplines to facilitate continuity of services 
and a consistent understanding of the patient’s function 
and cognitive impairment. SLP assessment is based on the 
patient’s level of severity as well as needs. Current models 
of assessment range from standardized testing to interviews 
and observations.9

SERVICE DELIVERY PATTERNS

Currently, speech-language pathologists utilize a combina-
tion of restorative and compensatory treatments.3 Restor-
ative intervention is based on the premise of returning to 
baseline function, whereas compensatory treatment focuses 
on implementing alternate strategies or environmental aids. 
SLPs may also utilize a mixed-method approach to cogni-
tive-communication treatment for patients with brain inju-
ries. This approach provides the patient with strategies and 
tools to return to function during the early stages of rehabil-
itation while also addressing restorative intervention – with 
the goal of full recovery.10 SLPs provide treatment based on 
the patient’s needs, severity level, and pre-morbid status 
(family support, living arrangements, and work or school 
roles). Treatment models involve collaboration with the 
interdisciplinary team, including physiatrists, neurologists, 
neuropsychiatrists, physical and occupational therapists, 
and nurses. To determine the best treatments, the SLP seeks 
ongoing feedback and input from the patient, interdisciplin-
ary team, and family. Taking all these factors into consider-
ation, the SLP offers a variety of strategies and tools. 

Current service delivery models range from cognitive 
exercises to family counseling to environmental aids. Spaced 
retrieval is an evidence-based technique used to build mem-
ory skills. 9,11 After introducing information that is recalled 
within a short timeframe (e.g., 10 seconds), the SLP asks 
the patient to recall the information in progressively lon-
ger timeframes. This technique for building memory skills 
has been proven to be effective among patients with brain 
injury as well as other brain impairments (e.g., dementia, 
aphasia). Cognitive rehabilitation is also delivered through 

immediate- and short-term memory exercises during face-
to-face treatment and computerized programming.13 The 
latter approach offers patients the ability to practice inde-
pendently, which may lead to a faster recovery.13

SLPs include the family members in all components of 
the patient’s recovery process.12 Family members can pro-
vide insight into the patient’s pre-morbid condition. The 
family can serve to substantiate or clarify the patient’s func-
tional-cognitive status within the home setting. The speech 
pathologist provides ongoing family education to facilitate 
continuity of cognitive therapy provided in the clinical set-
ting. Family education will lead to a better understanding 
of the condition and therapeutic lifestyle changes. Family 
counseling also addresses the support required to facilitate 
the patient’s progress and independence. 

Compensatory strategies are useful in all stages of a 
patient’s recovery process.6,15 For instance, journal writing 
is used to improve short-term memory, episodic memory, 
and semantic memory skills. Placing schedule boards in the 
patient’s living space can improve the ability to recall daily 
events. Checklists, alarms, and calendars are additional 
tools that lead towards independence and cognitive-commu-
nication recovery. 

Byom and others identify social skills as viable goals that 
facilitate successful recovery for the adult brain-injured 
patient, for social interactions and return to work.11,16 Social 
skills are commonly affected as a result of brain injury. There-
fore, SLPs focus on social-pragmatic skills that are linked to 
social communication, social adjustment, and social cogni-
tion abilities. The importance of social-pragmatic skills is 
based on the premise of the utilization of functional use of 
language abilities that ultimately promotes communication. 

The SLP’s role in brain injury rehabilitation includes 
assessment and treatment across a continuum of clinical 
settings, as well as within schools for sports-related concus-
sion care.14 Speech-language pathologists can utilize formal 
as well as informal assessments that lead towards effective 
treatment. A variety of service delivery models are available 
and are based on the patient’s needs. Computerized cogni-
tive programs can provide fast recovery due to the increased 
opportunity for practice.13 Family integration is an import-
ant component of cognitive-communication rehabilitation. 
The field of SLP continues to strive to support and improve 
the quality of life for people with brain injuries 
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Current Concepts in Neurogenic Heterotopic Ossification

JONATHAN LIU, MD; NOAH GILREATH, BA; SYDNEY ROZENFELD, MD; SANDI CAUS, MD; SARAH CRIDDLE, MD;  

EDWARD J. TESTA, MD; ANDREW EVANS, MD

ABSTRACT 

Heterotopic ossification (HO) is abnormal bone depo-
sition, most commonly in the hip or elbow, that can 
significantly impair patients due to pain, stiffness, and 
contractures, which prevents them from carrying out  
activities of daily living. A traumatic brain (TBI) or spinal 
cord injury may prompt the formation of heterotopic os-
sification, creating so-called neurogenic heterotopic os-
sification (NHO). The pathophysiology of this condition 
is not fully understood, but probably involves a complex 
interplay between a biological scaffold of demineralized 
bone, CNS signaling, and local tissue signal mediators 
that often result from trauma. This environment is con-
ducive to HO formation. Diagnosis relies on laboratory 
testing, plain radiographs, and advanced imaging such 
as triple phase bone scan or computed tomography scan. 
Treatment involves medical management with anti-in-
flammatory drugs, bisphosphonates, radiation therapy, or 
surgical excision, although outcomes are variable both in 
regards to prevention and treatment. A mainstay of treat-
ment is physical therapy to maintain range of motion. 
This paper also presents a case study of a poly-trauma-
tized patient with a TBI and multi-level spinal column 
injury who developed NHO after acetabular fixation. 

KEYWORDS:  Heterotopic ossification; traumatic brain 
injury; bisphosphonates; indomethacin; radiation therapy; 
rehabilitation; physical therapy  

INTRODUCTION

Neurogenic heterotopic ossification (NHO) occurs in the 
setting of neurological disorders and is characterized by 
abnormal bone deposition in extraskeletal tissue.1 While 
NHO is usually seen after traumatic injury to the brain 
(TBI) or spinal cord (SCI), it is also associated with disorders 
such as Guillain-Barre syndrome, cerebral anoxia, stroke, 
infections, and brain tumors.2 It has been reported to occur 
in up to 20% of TBI patients and 30% of SCI patients.3-5 
Additional risk factors for NHO may include male gender, 
polytrauma, delayed rehabilitation, and prolonged hospital 
length of stay.6,7

Patients with NHO may present with pain, reduced 
joint range of motion, warmth, and swelling. Typical sites 

of NHO include the hips, knees, elbows, shoulders, hands, 
and spine.8–11 Due to its location and associated symptoms, 
NHO can cause significant impairment of activities of daily 
living (ADLs). While the exact mechanisms behind the 
development of NHO are not completely understood, the 
complex relationship of traumatic injury, localized and sys-
temic inflammation, and neural regulation are all thought to  
contribute to its development.12–14 

This article will review the pathophysiology, diagnosis, 
and treatment of NHO in the context of a male patient who 
developed NHO after surgical fixation of a complex left  
acetabular fracture following a polytraumatic motor vehicle 
collision.

PATHOPHYSIOLOGY

The pathophysiology of NHO is not entirely understood, but 
it is generally recognized as a complex interplay between 
traumatic injury, local and systemic inflammatory responses, 
and neuromodulation.15,16 NHO affects approximately 20% 
of people with a spinal cord injury or TBI, so it is imperative 
to understand NHO and its associated morbidity. Generally, 
HO involves osteogenesis outside the appendicular or axial 
skeleton and instead within soft tissue (i.e., muscle).16 It 
has been described as the formation of benign ectopic bone 
which undergoes osteogenesis through endochondral rather 
than intramembranous ossification.17 Although ectopic bone 
formation can occur at any extraosseous site, the hip is the 
most common, followed by the elbow.18-20 Specifically, the 
demineralized bone matrix that becomes embedded in mus-
cle will undergo osteogenesis, which is contrary to that in 
other tissues (i.e., adipose).15 Herein, we will further explore 
mediators of the local and systemic inflammatory responses 
as well as neuromodulatory responses that contribute to 
extraosseous bone formation.

Perhaps most critical for the development of HO is the 
biological scaffold that promotes bone formation, an envi-
ronment that responds to an inducing agent (i.e., trauma) 
and contains osteogenic precursors.16 Our understanding 
of the relationship between the central nervous system 
(CNS) and bone continues to evolve. Dense innervations 
of the periosteum provide a mechanistic route by which 
the CNS can modulate osteogenesis, through neuro- 
transmitters including glutamate, calcitonin gene-related 
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protein, substance P, and catecholamines. Altogether, these  
transmitters upregulate osteoblastic activity while down 
regulating osteoclasts.16

Apart from the nervous system as a modulator for HO, 
local mediators are often further upregulated in the setting 
of TBI or SCI. Osteoprogenitor cells within skeletal muscle 
respond to the local environment, specifically to inflam-
matory mediators that create a hypoxic environment for 
osteogenesis.17 Pro-inflammatory cytokines such as trans-
forming growth factor-beta (TGF-β), interleukin-1 (IL-1), 
interleukin-6 (IL-6), insulin-like growth factor (ILGF), plate-
let-derived growth factor (PDGF) and fibroblast growth fac-
tor (FGF) contribute to the differentiation of osteoprogenitor 
cells.1,3 Furthermore, the relatively hypoxic environment 
contributes to an influx of pro-inflammatory cells, includ-
ing macrophages, neutrophils, and mast cells; this environ-
ment is pro-osteogenic. This leads to a cascade including 
upregulation of hypoxia inducible factor-1 and endothelial 
growth factor (FEGF), which stimulate angiogenesis and the 
migration of osteoprogenitor cells, which are stimulated 
by FEGF to differentiate into fibroblasts and chondrocytes. 
Ultimately, this process leads to an up-regulation of SOX-9 
and the production of chondrocytes, which begin to form 
lamellar bone.17 Overall, at the cellular level there are mul-
tiple contributors that lead to the up-regulation of chondro-
cytes and formation of heterotopic ossification.15-17

DIAGNOSIS

Early NHO can manifest as joint stiffness, decreased range 
of motion, erythema, swelling, and pain.3,5 Without clinical 
suspicion, the diagnosis of early NHO can easily be missed. 
NHO usually occurs 3–12 weeks after the injury/trauma, 
but it can take more than six months to present in some 
cases.21 Common differential diagnoses that should be ruled 
out include deep vein thrombosis (DVT), tumor, and septic 
arthritis.

Laboratory studies can provide cost-effective and import-
ant information in the workup of NHO, especially in its early 
inflammatory phase. Non-specific inflammatory markers  
such as erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) are often elevated in the inflammatory phase 
of NHO, though it is important to consider and rule out 
mimicking inflammatory or infectious pathologies.22 Alka-
line phosphatase and osteocalcin are also associated with 
NHO, though in a non-specific manner.23 These markers 
increase in the first six to 12 weeks after trauma, with serum 
levels greater than 250 (IU/L) associated with early HO for-
mation.5,24-26 Additionally, increasing serum creatine kinase 
may be correlated with more severe disease and resistance to 
medical therapies, which may help further guide diagnosis 
and treatment.3,27

A venous duplex ultrasound can be ordered to quickly 
and easily rule out a DVT. Radiographs are specific but not 

sensitive in the early phase of NHO. Later on, it can be seen 
as circumferential bone formation at or around a joint. While 
triple-phase bone scan is the most sensitive test for NHO, 
as early as 2.5 weeks after injury, it has low specificity.3 
Computed tomography (CT) scans can determine the extent 
and three-dimensional structure of NHO, which is helpful 
to prepare for operative intervention but not as useful in 
diagnosis.16,28 Magnetic resonance imaging (MRI) reliably 
detects NHO in a three-dimensional fashion, as early as one 
to two days after the onset of symptoms, but the specificity 
is low.29 Other imaging techniques used are ultrasound and 
3-dimensional stereolithography, but they are less popular. 
Early diagnosis is important because it allows for initiation 
of interventions that may halt its progression.

TREATMENT

Treatment varies based on symptom severity and patient- 
specific risk factors for developing NHO. Studies vary in the 
reported incidence of asymptomatic NHO; patients without 
clinical symptoms from early-grade cases may be monitored 
closely.30 Radiographic severity may not correlate directly 
with loss of function or range of motion, though high-grade 
cases are more likely to cause debilitating symptoms.31 
There is a wide range of treatment options, prophylactic and 
definitive, varying from NSAIDS and other oral medications 
to radiation therapy to surgical excision.32 

The main medical therapy for NHO prophylaxis contin-
ues to be non-steroidal anti-inflammatory drugs (NSAIDs), 
which targets the early inflammatory phase.30,33 Tradition-
ally, indomethacin is considered the gold standard for pro-
phylaxis following high-risk surgical procedures for the 
development of NHO. The recommended dose of indo-
methacin is 75 to 100 mg/day for seven to 14 days postop-
eratively, with monitoring for side effects such as ulcers, 
gastritis, or kidney injury.32 Recent literature has suggested 
that less potent, nonselective NSAIDs such as ibuprofen or 
selective COX-2 NSAIDs such as celecoxib may be equally 
effective, with cost savings and a lower incidence of postop-
erative bleeding and side effects.34 Bisphosphonate therapy is 
also effective in NHO prophylaxis, which can be especially 
useful in patients with contra-indications to NSAIDs.35 As 
early prophylaxis, bisphosphonate regimens such as a three-
day IV course of etidronate followed by a six-month oral 
course have effectively halted progression.36 Limitations of 
bisphosphonate treatment include greater costs and treat-
ment duration when compared to NSAIDs.37 Additionally, 
bisphosphonates may be ineffective when started in the late 
stages of NHO (with positive radiographs) and have risks of 
severe associated side effects.35

Radiation therapy is also effective for NHO prophylaxis. 
This treatment involves the irradiation of pluripotent mesen-
chymal cells, which are thought to form heterotopic bone.38 
External beam radiation therapy is often prescribed at a 7 to 8  
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Gy fraction dose and typically given within 24 hours preop-
eratively or within 72 hours postoperatively.30 Some studies 
have found radiation therapy to be superior to NSAIDs in 
preventing clinically significant NHO, while others report 
equivocal outcomes.39,40 At present, there is no consensus on 
the most effective treatment, so either can be utilized based 
on provider preference, patient factors, and institutional pro-
tocols. It is important to consider radiation side effects such 

as wound healing delays, joint swelling, bony nonunion, and 
the rare incidence of secondary malignancy.30

Ultimately, high-grade NHO with functional impairment 
and pain may require surgical excision [Figure 1A,B,C]. 
Excision should be performed after the growth and matu-
ration phases, as confirmed by serial radiographs, which 
can take over 1.5 years for TBI.5 Surgeons should weigh 
the risks of prolonged debilitation and surgical complexity 

Figure 3. 3-view radiographs of the pelvis including AP [A], iliac oblique [B] and obturator oblique [C] at 4 months after surgical excision of prior NHO.

Figure 2. Computed tomography axial cuts at level of acetabulum [A], femoral head [B], greater trochanter [C] further characterizing the extent of 

heterotopic ossification at 4 months post-operatively

Figure 1. 3-view radiographs of the pelvis including AP [A], iliac oblique [B] and obturator oblique [C] views demonstrating extensive heterotopic ossi-

fication formation about the left hip in the setting of a prior posterior column acetabular fracture fixation four months post-operatively.

Figures. 37-year-old male with neurogenic heterotopic ossification (NHO) of the left hip after surgical fixation of a complex left acetabular fracture in 

the setting of a polytraumatic motor vehicle collision with traumatic brain injury. 
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when considering surgical timing. Advanced imaging such 
as CT may be utilized for surgical planning, to further 
characterize the extent of heterotopic bone formation [Fig-
ure 2A,B,C]. Surgical management of NHO is challenging 
because excision may not fully address clinical symptoms 
and incomplete resection has recurrence rates as high as 
33%.41 Outcomes in the literature have been variable; many 
patients have improved pain and range of motion (ROM), 
but few achieve full resolution without recurrence.42 While 
further high-quality investigations are required at this time, 
surgical excision is indicated in the patients with high-grade 
NHO and symptoms refractory to nonsurgical manage-
ment. Additionally, due to high recurrence rates, surgical 
excision of heterotopic bone should be supplemented with 
medical treatments.33 Traditional prophylaxis with NSAIDs, 
bisphosphonates, and radiotherapy is effective in reducing 
recurrence rates after surgical excision.43 The role of addi-
tional medical management is further supported by find-
ings in post-operative patients that new foci of ectopic bone 
are likely due to de novo formation rather than extension 
of unresected bone.14 Therefore, the goal of resection, with 
medical prophylaxis for recurrence, is to improve range of 
motion while minimizing soft tissue trauma and surgical 
morbidity [Figure 3A,B,C].44

Regardless of the stage of NHO or treatment phase, 
physical therapy (PT) should be implemented through-
out the disease course in conjunction with pharmacologic 
or surgical treatments.33 While PT has not been shown to 
independently prevent NHO, range-of-motion exercises 
are crucial for preserving joint motion and preventing soft 
tissue contractures.5 PT regimens may vary by institution 
and case-specific characteristics; however, early passive and 
active ROM of restricted joints in a controlled setting is rec-
ommended to preserve or optimize function prophylactically  
and post-treatment.45,46 

CONCLUSIONS

Neurogenic heterotopic ossification is a difficult problem to 
treat in poly-traumatized patients with neurologic injuries 
due to the significant functional limitations it can place on 
already debilitated patients. While prevention is effective, 
no consensus exists on optimal treatment and surgery has 
variable results. Physical therapy remains an important 
mainstay of treatment in order to maintain range of motion. 
Further studies on the pathophysiology of this condition are 
crucial in order to develop treatment and prevention efforts 
and minimize the negative impact of NHO on patients. 
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An Orthopedic Perspective on the Management of Spasticity
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ABSTRACT 

Neurologic conditions such as brain injuries, cerebral 
palsy, stroke and multiple sclerosis involve injury of up-
per motor neurons, which can manifest as spasticity. The 
resulting hypertonicity and imbalance of forces between 
muscle groups leads to deformities that impair patient 
function and can cause significant long-term compli-
cations. Symptoms of spasticity can be managed with 
nonoperative techniques such as physiotherapy, bracing, 
or medications. Other approaches such as intrathecal  
baclofen pumps and selective dorsal rhizotomy have also 
demonstrated efficacy in controlling spasticity. Spastici-
ty that has failed nonoperative management can be treat-
ed with orthopedic surgeries that correct deformities by 
either restoring joint anatomy or re-balancing the forces 
of spastic muscle groups. Improved mobility and reduced 
pain after these procedures can help patients with their 
rehabilitation, function, and independence. 

KEYWORDS:  Orthopedics; spasticity; brain injuries; 
cerebral palsy; upper motor neuron injury; spinal cord 
injury (SCI); multiple sclerosis (MS)  

INTRODUCTION

Spasticity is a common clinical sequela of neurologic condi-
tions such as brain injuries, strokes, spinal cord injury (SCI), 
cerebral palsy (CP), and multiple sclerosis (MS).1-3 Along 
with muscle weakness, hyperreflexia, clonus, hypertonicity, 
and a positive Babinski reflex, it is one of the characteriz-
ing signs of upper motor neuron (UMN) lesions.1 Spasticity 
encompasses a broad range of presentations, ranging from 
reducible deformity to permanent contracture or joint insta-
bility, and thus, is a difficult condition to define.2,3 Dressler 
et al recently revised the definition of spasticity as invol-
untary muscle hyperactivity – including one or more of 
rigidity, dystonia, spasms, spasticity, or spasms – in the 
context of central paresis.4 The resulting deformities and 
motor impairments caused by spasticity generate significant 
physical, psychological, and social burdens for patients.3 
Treatment of the condition through nonoperative or surgical 
means is a critical component of neurorehabilitation, and 
can significantly improve quality of life, help patients regain 
independence, and prevent long-term complications.5 

NONOPERATIVE MANAGEMENT 

Physiotherapy

Rehabilitation through modalities such as exercise, cryo-
therapy, and stretching plays a significant role in managing 
spasticity, and research suggests that maximum benefit is 
achieved by early intervention. Physical therapy typically 
focuses on stretching of spastic muscle groups and strength-
ening of muscle antagonists to maximize passive and active 
range of motion.6 The improved motor control and strength 
aids in controlling distal movements, thereby improving 
overall motor function. Exercises that involve weight-bear-
ing have also been shown to increase bone mineral den-
sity, improve bowel function, and enhance mobility.5,7 
Physical therapists will also guide and support decision- 
making around adaptive and assistive devices, based on a 
patient’s abilities and long-term goals for mobility. Fur-
thermore, if a patient undergoes operative management, 
physical therapy plays a significant role in maximizing  
postoperative benefits.8

Casting and Bracing

Stretching consistently at home to reinforce physical therapy 
gains may be challenging for patients and families. There-
fore, bracing can be a useful supplement to therapy, with 
positioning to correct contractures, improve flexibility, and 
increase range of motion. Bracing may also improve balance, 
transfers, and ambulation as well as help maintain a com-
fortable position in a wheelchair. Proper fitting of orthotics 
is necessary to maximize stretching and positioning benefits 
while avoiding skin breakdown and irritation.9

Extracorporeal Shockwave Therapy 

Extracorporeal shock wave therapy (ESWT) is a procedure 
for the management of spasticity that can be done in out-
patient clinics. While the exact mechanism is unknown, 
ESWT involves the application of focused, singular acoustic 
pulses to create pressure waves that induce cellular changes. 
For patients with spasticity, ESWT has been shown to 
reduce spasticity and pain while improving range of motion 
and function.10 This technique is painless, safe, and non-in-
vasive, with improvements seen as early as after one session. 
This technique can be combined with other treatments of 
spasticity, with evidence to suggest that ESWT may enhance 
the effects of Botulinum neurotoxin (Botox).11 
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Medications 

Several oral medications can be used in the management 
of spasticity. These are usually GABA receptor agonists, 
though alpha-2 agonists, gabapentin, and dantrolene are 
also helpful (Table 1). Injectable medications such as Botox, 
alcohol, or phenol can also achieve a more targeted effect on 
spastic muscle groups. The effectiveness of these medica-
tions can decrease over time, so using them in combination 
with other medications and maximizing the time between 
injections may prolong their effectiveness.12 Cannabis is also 
an increasingly popular treatment option for pain control in 
spasticity, particularly for those with MS.13 The benefit of 
cannabis to treat spasticity in other neurologic conditions or 
in pediatric conditions is less well-established. 

PROCEDURAL MANAGEMENT 

Intrathecal Baclofen 

Intrathecal baclofen is useful in reducing spasticity while 
avoiding systemic adverse effects of oral medications such 
as sedation, or in patients who do not benefit from the max-
imum oral dose.15 Intrathecal baclofen can reduce pain and 

improve general functional status, notably with gait and 
mobility.16 Patients should have a trial injection of intrathe-
cal baclofen to determine its efficacy. Following implanta-
tion of the pump, dosing can be titrated to achieve the best 
muscle tone for a patient’s comfort and functional ability. 
Complications of pump placement include infection and 
catheter obstruction. The pump must be refilled, but the 
time between refills can be increased with gradual increases 
in the medication concentration.17

Selective Dorsal Rhizotomy 

Selective dorsal rhizotomy (SDR) is a procedure that 
involves sectioning afferent nerve rootlets that innervate 
affected muscle groups, which reduces the exaggerated 
stretch reflexes of spasticity, leading to improvements in 
gross motor function and gait.18 Additionally, patients who 
undergo SDR may be less prone to long-term complications 
of spasticity and thus require fewer surgeries.19 The results 
of SDR also appear to be long-lasting; at 20-year follow-up, 
91% of respondents reported that the procedure improved 
their quality of life and 88% said they would recommend 
the procedure to others.20 Proper patient selection for this 

Drug Name Administration Mechanism Dosage Side Effects

Baclofen Oral, 

Intrathecal

GABA-B Agonist Maximum 40 mg/day if age less than 8 years

Maximum 60 mg/day if age older than 8 years

Sedation, fatigue, constipation, 

hepatotoxicity, weakness, 

drowsiness, withdrawal, seizures, 

altered mental status

Benzodiazepines Oral, 

intravenous

GABA-A Agonist For Diazepam, 6 months and older 1–2.5 mg 

orally 3-4 times daily

Sedation, fatigue, constipation, 

confusion, respiratory depression, 

dependency, withdrawal

Clonidine/ 

Tizanidine

Oral Alpha-2 Agonist Clonidine: 0.02 ± 0.03 mg/kg/day 

Tizanidine: Children aged > 2 years, 0.3–0.5 mg/

kg/day in 4 divided doses

Hypotension, bradycardia, muscle 

weakness, sedation, xerostomia, 

hallucinations, QT interval 

prolongation

Gabapentin Oral Alpha-2δ1
 subunit 

binding to inhibit 

Ca2+ currents

Infants: 5 mg/kg/day, titrate by adding up to 3x 

day or increasing dose

3–11 years: 10–15 mg/kg/day in 3 divided doses

>11 years: 300 mg 3 times daily, titrate up to 

3600 mg/day

Somnolence, tremor, nystagmus, 

mood changes such as anxiety 

or aggression, fatigue, weakness, 

nausea/vomiting, headache, 

challenges with concentration 

Dantrolene Oral Inhibition of Ca+ 

release from 

sarcoplasmic 

reticulum to prevent 

muscle contraction

0.5 mg/kg once daily for 7 days,  

then 0.5 mg/kg 3 times a day for 7 days, then 1 

mg/kg 3 times a day for 7 days,  

then 2 mg/kg 3 times day

Maximum 100 mg 4x per day

Liver failure, weakness, fatality 

associated with high dosing

Botulinum Toxin Injection Acetylcholine 

release inhibition

Botox: 8 u/kg or 300 u total for lower limbs

10 u/kg or 340 u for total body

Dry mouth, dysphagia with use in 

upper limbs/neck muscles, double 

vision, weakness, respiratory 

difficulties, spread to other muscles, 

resistance with increased usage

Phenol/Alcohol Injection Chemical Neurolysis Phenol: concentration of 3–7% (50mg/mL-70 

mg/mL), pediatric dosing 30mg/kg

Alcohol: concentration typically 40–50%

Flushing, cardiac dysrhythmia 

neuropathic pain, paresthesia, 

bowel/ bladder incontinence, 

sexual dysfunction, muscle fibrosis, 

vascular sclerosis

Table 1. Common medications used for the treatment of spasticity.12,14
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procedure is crucial to maximizing outcomes. Patients who 
benefit most from the procedure are ambulatory with pri-
marily lower extremity involvement, have good core and 
abdominal strength to support the trunk while walking, 
and the cognitive function and resources to participate in  
intensive therapy postoperatively.

ORTHOPEDIC SURGERIES FOR SPASTICITY

Orthopedic procedures for the treatment of spasticity can be 
grouped into the categories of tendon transfer, tendon length-
ening or release, osteotomy, and arthrodesis.3,5 Indications 
for surgery vary depending on the patient’s age and goals, but 
they generally include fixed contractures, joint deformity, 
or joint dislocation that affects function, impairs hygiene, 
or causes significant pain.2,21 Surgery aims to address defor-
mities by stabilizing the contracted joint or correcting the 
muscle strength imbalance. Van Heest et al showed that 
children with spastic upper extremities who were suitable 
candidates for tendon transfers had greater improvement in 
function than repeated botulinum toxin injections or regu-
lar therapy sessions at 12 months of follow-up; this suggests 
that the surgical management of spasticity improves qual-
ity of life, provided that patients are suitable candidates for  
a procedure.22 

Upper extremity

The shoulder’s positioning in patients with spasticity is due 
to the unbalanced forces of the internal rotators: latissimus 
dorsi (LD), teres major (TM), pectoralis major (PM), and sub-
scapularis.3  For non-functional shoulders, complete release 
of the subscapularis, LD, and PM tendon insertions, while 
preserving the shoulder joint capsule, improved passive 
range of motion in flexion, extension, abduction, and exter-
nal rotation. For patients with remaining shoulder function 
or some voluntary movement, fractional tendon lengthen-
ing of hypertonic muscle groups (PM, LD, and TM), is the 
preferred surgical procedure.3,23 In shoulders with severe 
internal rotation and chronic posterior dislocation, proxi-
mal humerus derotational osteotomy helps to stabilize the 
joint and increase range of motion, especially in younger 
patients.6,24

Surgical treatment of elbow flexion deformities depends 
on their angles. Fixed contractures of less than 45 degrees  
are treated with fractional tendon lengthening of the elbow 
flexors, while those with worse contractures may require 
total tendon releases.23 Fractional tendon lengthening in- 
volves the Z-lengthening approach, in which a tendon is 
split longitudinally and one of the resulting tendon limbs is 
reflected.23,25 Both fractional tendon lengthening and com-
plete tendon release of elbow flexors will increase range of 
motion and decrease pain in patients with spasticity.23

Contributions by the pronator teres and pronator quadra-
tus make forearm pronation deformities far more common 

than supination ones.26 Surgical correction is done via ten-
don lengthening of the pronator teres; full tendon release is 
done for patients without volitional activity of the muscle. 
Similarly, the pronator quadratus can also be partially or 
fully transected, depending on forearm function; in most 
cases, lengthening of the pronator teres is sufficient to 
improve supination.5,26 In the rare case of spastic supination, 
the biceps tendon can be rerouted distally to wrap around 
the radius in order to restore the forearm to a neutral posi-
tion.26 Transfer of the flexor carpi ulnaris (FCU) dorsally to 
the extensor carpi radialis brevis (ECRB) or extensor digi-
torum communis muscles is often combined with pronator 
release or transfer to increase supination in patients with 
concomitant ulnar deviation deformities.

Flexed wrist, clenched fist, and thumb-in-palm deformity 
are classic deformities from spasticity, caused by hyperac-
tivity of flexor muscles.23,27 The most common procedure 
for surgical correction of wrist deformity is FCU to ECRB 
tendon transfer, which allows for increased extension and 
decreased ulnar deviation.23 The tendon transfer can be 
passed ulnarly to aid in supination or radially to aid in pro-
nation.27 In patients with functional upper extremities, frac-
tional lengthening of the flexor digitorum profundus (FDP), 
flexor digitorum superficialis (FDS), or flexor carpi radialis 
(FDR) via Z-lengthening can also improve hand function.23,27 
Patients who are skeletally mature can also have total wrist 
fusion for a severe flexion contracture [Figure 1].6 Thumb-
in-palm deformity can be addressed in a variety of surgical 
options, including tenotomy of the adductors, lengthening 
of the flexor pollicis longus (FPL), Z-plasty of the first web 
space, or tendon transfers of the extensors.6 The surgical pro-
cedure depends on the specific tendinous structures that are 
abnormal and whether the first web space in implicated in 
the deformity.27 

Figure 1. Twenty-year-old woman with left wrist contracture and a  

painful bunion deformity on left foot due to spasticity related to an intra- 

cranial bleed at age eight. [Radiographs are courtesy of Dr. Craig Eberson.] 
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Spine

Cerebral palsy (CP) is the leading cause of neuromus-
cular scoliosis (NMS).28 The progression of scoliosis 
curvature in CP patients can be rapid, particularly in 
those that are non-ambulatory, due to persistent muscle 
weakness, imbalance of forces, and decreasing bone den-
sity.29 The resulting severe spinal deformity [Figure 2A]
can cause adverse sequelae such as respiratory or car-
diac compromise, pelvic obliquity, skin infections, poor 
nutritional status, and pain.28,30 Nonoperative manage-
ment with spinal bracing can delay surgical interven-
tion, but has less efficacy in halting curve progression 
than in patients with adolescent idiopathic scoliosis.29 
Indications for surgery, traditionally a posterior spinal 
fusion, vary depending on the etiology of the deformity 
and patient circumstances, but is usually recommended 
in patients with progressing curves that are impact-
ing balance or positioning with sitting or standing.29,30 
The extent of the spinal deformity determines the lev-
els of spinal fusion; long fusions extending from T2 to the  
pelvis may be necessary in non-ambulatory children with CP  
[Figure 2B].29,30 Posterior spinal fusion was previously com-
bined with anterior procedures in patients with rigid spi-
nal deformities or severe pelvic obliquity, but advances 
in implants and increased usage of traction devices have 
decreased the necessity of the combined anterior and poste-
rior approach.30 While surgical correction of neuromuscular 
scoliosis significantly improves quality of life, it also entails 
the highest surgical complication rate among all types of sco-
liosis. Seaver et al demonstrated a 10-year reoperation rate 
of 21.7%, most commonly due to implant failure and surgi-
cal site infections, in children with non-ambulatory CP who 
underwent posterior spinal fusion.29,31 This is particularly 
notable as children who undergo posterior spinal fusion carry 
the implants within them as they transition to adulthood.28  

Thus, the final decision to pursue surgery requires detailed 
discussion of risks and benefits between providers and fami-
lies in order to arrive at the optimal treatment plan. 

Hip

Patients with spasticity are prone to hip abnormalities such 
as acetabular dysplasia, coxa valga, and femoral anteversion. 
Hypertonic hip flexors and adductors overpower the weaker 
hip extensors and abductors, shifting the center of rotation 
of the hip from the femoral head to the lesser trochanter and 
leading to pathologic remodeling of the femoral head and 
acetabulum.32 Untreated deformities can cause subluxation 
and eventual dislocation of the hip (Figure 3A,B), along with 
early osteoarthritis due to the loss of joint integrity.33 

Hip dislocation often progresses silently, especially in 
non-ambulatory children with CP. As a significant percent-
age of these patients are intellectually disabled or nonver-
bal, it is challenging for parents to identify hip pathology 
from observation of patients alone. Periodic surveillance 

Figure 2. [A] Preoperative radiograph of a patient with severe neuro-

muscular spinal deformity secondary to cerebral palsy. [B] Postoperative 

radiograph after posterior spinal fusion from T2 to the pelvis, improving 

pulmonary function and allowing this patient to sit more comfortably.  

Figure 3. Eight-year-old male patient with spasticity and hip subluxation after 

spinal cord injury and traumatic brain injury at age one. [A] Preoperative 

radiograph demonstrating bilateral hip dislocation and deformity. [B] Postop-

erative radiograph after soft tissue release and femoral and pelvic lengthening 

for hip relocation. The operation reduced the difficulties the patient had with 

posture and sitting.  

with both clinical and radiographic examination is recom-
mended, accompanied by hip joint measurements such as 
the Reimer migration index (RMI) and the acetabular index 
(AI) to allow for prompt recognition and surgical interven-
tion.33 In children with cerebral palsy, orthopedic surgeries 
of the spastic hip can be categorized into preventive, recon-
structive, and salvage procedures, with differing goals, indi-
cations, techniques, and success rates.34 (Table 2) 

FOOT AND ANKLE

Equinovarus is the most common foot and ankle deformity 
seen in patients with strokes and cerebral palsy.35 Other 
deformities in patients with spasticity include plano-val-
gus, toe flexion, and equinovalgus. Surgical management is 
recommended for patients who are older or unresponsive to 
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nonoperative approaches, and the procedure depends on the 
severity and degree of involvement of specific muscle groups. 
Hoke lengthening (percutaneous triple hemi-section tenot-
omy) can be performed for patients with an Achilles tendon 
contracture.2 For equinus deformities that are dynamic and 
combined with other abnormalities, gastrocnemius-soleus 
lengthening can be considered as well. Spastic equinovarus 
can also be approached with the split anterior tibialis ten-
don transfer (SPLATT) procedure, a rerouting of half of the 
tibialis anterior, which has demonstrated marked success 
in correcting the varus part of the deformity. Alternatively, 
fractional lengthening of the posterior tibialis tendon and 
transfers of the flexor hallucis longus and flexor digitorum 
longus may be done for varus correction.35 In children, intra-
muscular lengthening of the posterior tibial tendon, Achil-
les lengthening, and SPLATT or split posterior tibial tendon 
transfer (SPTTT) anterior to the Achilles tendon into the 
peroneus brevis tendon are all effective procedures to reduce 
equinovarus deformities that are flexible.  In more rigid 
deformities, osteotomy of the midfoot/calcaneus or triple 
arthrodesis (in skeletally mature patients) may be needed.

CONCLUSION

Spasticity results from many neurologic conditions and 
poses a significant challenge to the independence and qual-
ity of life of patients. Depending on the goals of care and 
patient function, a variety of combinations of nonoperative 
and operative approaches can be utilized for managing this 
condition. Orthopedic surgeries that treat spasticity aim 
to restore mobility, decrease long-term complications, and 
reduce pain, thereby improving the quality of life for these 
patients. 

Goals Indications Techniques Success

Preventive Delay hip subluxation  

or dislocation

30% ≤ RMI < 60%

Limited hip abduction 

(<30°)

Soft tissue procedures: adductor tenotomy, 

iliopsoas release, semitendinosus lengthening

Dependent on pre-

operative severity of hip 

abnormality. Increased 

RMI associated with 

decreased success. 

Reconstructive Maintain or rebuild a 

located hip with preserved 

mobility

RMI > 40% Bony procedures:

Femur: proximal femoral varus derotation 

osteotomy

Acetabulum: Osteotomies  

(Dega, Periacetabular, Pemberton, 

Pericapsular, Chiari pelvic, Salter innominate) 

Positive outcomes 

after long follow-up. 

Complications include 

dislocation recurrence, 

osteonecrosis of femoral 

head, heterotopic 

ossification.

Salvage Reduce pain or increase 

abduction to maintain 

hygiene when hip cannot 

be reconstructed to be 

mobile or located anymore

Severe dysplasia and 

degenerative changes 

that are beyond the 

scope of reconstructive 

surgeries

Resection: Castle procedure (remove proximal 

femur, reattach rectus and vastus lateralis 

to femoral shaft, redirect gluteal muscles to 

between femur and acetabulum)

Redirection: subtrochanteric valgus osteotomy

Arthroplasty: total hip replacement

Inferior outcomes to 

reconstructive procedures 

due to high rates of 

complications.

Table 2. Goals, indications, and descriptions of preventive, reconstructive, and salvage procedures in the correction of hip deformities.2,34 
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ABSTRACT  

Mental health among first responders is often impacted 
by repeated exposure to stressors and traumatic events. 
As a result, Emergency Medical Services (EMS) profes-
sionals have a higher risk of suicide than the general 
public.1 With each state having different EMS cultures 
and operations, the Rhode Island Department of Health 
(RIDOH) Center for EMS identified a need to assess the 
mental health of EMS professionals in Rhode Island.  
A survey was distributed to EMS professionals in Rhode 
Island to evaluate their mental health and identify demo-
graphic gaps, as well as assess the risk of suicide for EMS 
professionals. Survey results provided evidence of con-
cerning mental health among first responders in Rhode 
Island, with 15.4 percent of responders reporting suicidal 
ideation in the past 12 months. The results suggest that 
increased programming to provide resources and aware-
ness is necessary to improve mental health and ensure 
the longevity of EMS professionals’ careers.   

KEYWORDS:  Emergency Medical Services; Mental Health; 
Occupational Stress  

INTRODUCTION 

EMS professionals in Rhode Island have an extensive scope 
of practice, allowing them to perform life-saving measures 
in the prehospital setting. In 2023, 233,445 patient care 
reports were completed in Rhode Island.2 Nationally, EMS 
employment is projected to grow by five percent between 
2022 and 2032, which is higher than the average across all 
occupations.3 As the profession grows, recruiting and retain-
ing healthy employees is extremely important to provide 
life-saving care to communities across the state. 

As of 2023, the State of Rhode Island had 4,576 licensed 
EMS professionals and 83 EMS agencies. The agencies 
include fire departments, stand-alone EMS agencies, pri-
vate ambulance companies, collegiate, and corporate EMS.4 
EMTs in Rhode Island can become licensed at the age of 18 
and can retain their license as long as they meet the nec-
essary continuing education requirements for re-licensure.5 

Between January 2009 and October 2024, 16 EMS pro-
viders died by suicide in Rhode Island. This number was 

derived from reports to the RIDOH Center for EMS from 
family and agency leaders. It is possible there are additional 
unreported cases. While this number may appear small, the 
culture of the tight-knit Rhode Island EMS community was 
profoundly affected by these losses. 

Studies have shown that EMS professionals die by suicide 
at higher rates than the general public. Further research con-
firms this by demonstrating that EMS professionals have an 
increase in risk factors associated with suicide, including 
acute and chronic stress, fatigue, depression, and substance 
misuse. The presence of these risk factors significantly 
increases the risk of suicide. The presence of these risk fac-
tors is predicted to be the result of repeated instances of the 
physical and psychological stress associated with being an 
EMS professional.6 In addition, EMS professionals have a 
higher rate of completed suicides compared to the general 
population.7 Because of this, it is imperative that mental 
health is addressed before suicide attempts occur.

The goal of this survey was to assess the EMS mental 
health in Rhode Island, in order to identify the need for 
resources and policy updates. EMS professionals were sur-
veyed on physical health, mental health, substance use, 
stigma, and availability of resources. The RIDOH Center for 
EMS wanted to evaluate the current mental health status of 
EMS professionals in addition to assessing how many profes-
sionals currently exhibit risk factors. Results from the sur-
vey will guide future mental health initiatives and resources 
for all first responders. 

The survey was conducted anonymously due to the sen-
sitive nature of the questions posed. It was felt that EMS 
professionals would be less likely to respond to the survey 
honestly if their names were recorded. The Rhode Island 
Department of Health Center for EMS is responsible for dis-
ciplinary actions, and while the authors had no intention 
of using this research for disciplinary investigations, fear of 
punishment or affected reputation was predicted to result in 
skewed data.    

The survey primarily consisted of multiple-choice ques-
tions. The authors included one short answer question 
to survey advice on how to improve the Critical Incident 
Stress Management program that is put on by The Rhode 
Island Critical Incident Stress Management Team. The ques-
tion asked “Critical Incident Stress Management could be 
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improved with the following.” These data were omitted 
from the paper as the authors were not looking to publicly 
critique the organization. These data were shared internally.  

Peer-reviewed research that queries individual EMS pro-
fessionals on their mental health with this scope does not 
exist. The only other state to conduct a similar survey was 
the Virginia Department of Health (VDH) in 2019.8 Due to 
significant differences in demographics, provider level, and 
employment status, the authors felt that it would not be rel-
evant to directly compare the results of RIDOH’s survey to 
VDH’s survey.   

METHODS 

We identified a need to learn about the mental health of 
Rhode Island EMS professionals, as no other research on 
this topic existed. Fifty-one multiple-choice and short-an-
swer questions were formulated. Some questions were 
objective-based, such as the subject’s demographics. Others 
were added from the Substance Abuse and Mental Health 
Services Administration (SAMHSA) mental health ques-
tions, in collaboration with the Comprehensive Suicide 
Prevention Program at RIDOH, and previously completed 
surveys from the Virginia Department of Health. The sur-
vey was created and distributed via Research Electronic 
Data Capture (REDCap, Nashville, TN). An email list was 
compiled from the RI state EMS data repository ImageTrend, 
the state licensing platform MyLicense Office (MLO), and 
the EMS Learning Management System Train.org. There 
were 9,072 email addresses collected from the three sources. 
Duplicate email addresses were removed; however, some 
individuals had different emails listed in each data source. 
About 1,000 to 1,500 emails were returned to the sender 
after the distribution of the survey. The survey was first dis-
tributed on May 21, 2024, and closed on July 15, 2024. Two 
reminder emails were sent out following the initial launch 
of the survey. Results were analyzed using Microsoft Excel  
(Microsoft, Redmond WA). 

RESULTS 

There were 953 survey responses recorded in the REDCap 
survey system. The study participants’ demographics were 
consistent with national data for EMS providers for both sex 
and race. About 91.0 percent of survey respondents reported 
their race and ethnicity as non-Hispanic White, compared 
to approximately 85.0 percent of nationally certified EMS 
personnel identifying as non-Hispanic white.9 With 78.9 per-
cent of individuals assigned male at birth, this is also repre-
sentative of the national EMS professional population, with 
76.0 percent male.10 Since respondents were predominantly 
from similar demographics, no significant conclusions could 
be determined based on race, ethnicity, or sex. It is worth 

noting that 48.2 percent of respondents are EMT-Cardiacs, 
a licensure type specific to Rhode Island but similar to the 
national Advanced EMT level.10 This should be considered 
for the generalizability of the study. 

While mental health struggles are present across all 
demographics, young professionals seem to be the popula-
tion most burdened with suicidal thoughts. The data show 
22.2 percent of EMS professionals ages 18–24 have had sui-
cidal ideation in the past 12 months, with the percentage 
of reported suicidal thoughts declining as age increases. 
Similarly, 21.3 percent of EMS professionals with three to 
five years of experience had thoughts of killing themselves. 
Of the 471 providers who reported burnout, 42.9 percent 
are aged 25–39. Of the providers ages 25–39 with burnout, 
23.8 also reported suicidal thoughts. Also, 33.3 percent of all 
professionals who reported that they quit EMS experienced  
suicidal thoughts.

Mental health resource accessibility varied across respon-
dents. Overall, 65.6 percent of responding EMS professionals 
reported that their agency offers mental health resources, 
with 20.8 percent of respondents unsure. When asked about 
specific resources, 68.6 percent of respondents reported an 
available employee assistance program with 21.3 percent 
of respondents unsure. In addition, 60.9 percent of respon-
dents had received mental health training during the prior 
12 months, and 81.5 percent of respondents knew where to 
find help for mental health issues in their agency. An over-
whelming 92.8 percent of respondents knew about Critical 
Incident Stress Management (CISM). CISM is a program that 
provides debriefing after emotionally stressful or traumatic 
events.11 Despite the program’s broad recognition, only 23.4 
percent of providers had participated in a CISM debriefing.

Rhode Island EMS professionals listed several reasons for 
not receiving mental health support, with, “I didn’t think 
it was needed,” and, “I already possess sufficient coping 
skills.” having the highest percentages with 58.1 and 23.6, 
respectively. Following this, the next highest reason was  
“I didn’t have time,” at 16.3 percent. [Tables 1–5]

Seven questions from the survey were directly linked to 
risk factors for suicide [Table 6]. While the presence of these 
risk factors may or may not be directly attributed to the EMS 
profession, research concludes that the presence of these risk 
factors is linked to suicide.6 They included physical injury 
on the job, stress level, emotional problems, mental health 
effects on relationships, frequency of alcohol consumption, 
and average number of drinks in one day.6,12,13 Results were 
filtered based on answers that reported very high levels of 
stress, mental health affecting relationships very often, daily 
drinking, and seven or more drinks per day, in addition to 
positive responses on the yes/no questions.
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n (%)

Age 

18–24 87 (9.4)

25–39 296 (31.9)

40–49 195 (21.0)

50–64 299 (32.2)

65+ 51 (5.5)

Sex assigned at birth 

Male 737 (78.9)

Female 183 (19.6)

Intersex 2 (0.2)

Prefer not to disclose 12 (1.3)

Gender Identity 

Agender 2 (0.2)

Genderqueer or genderfluid 2 (0.2)

Man 727 (78.0)

Non-binary 4 (0.4)

Questioning or unsure 1 (0.1)

Two-spirit 2 (0.2)

Woman 174 (18.7)

Prefer not to disclose 21 (2.3)

Additional gender category/ 

identity not listed 

5 (0.5)

Ethnicity 

Hispanic or Latino 40 (4.3)

Not Hispanic or Latino 895 (95.7)

Race

American Indian or  

Alaska Native

5 (0.5)

Asian 20 (2.1)

Black or African American 22 (2.4)

Native Hawaiian or  

Other Pacific Islander 

5 (0.5)

White 898 (96.2)

Table 1. Baseline characteristics  

of surveyed participants

n (%)

EMS License Level 

Emergency Medical Responder 36 (3.9)

EMT 239 (25.6)

Advanced EMT 23 (2.5)

EMT Cardiac 450 (48.2)

Paramedic 186 (19.9)

Serves with a fire department 

Yes 688 (73.5)

Average hours worked in a week 

<20 69 (7.4)

20–40 110 (11.8)

41–50 287 (30.7)

51–60 205 (21.9)

61–70 144 (15.4)

71–80 63 (6.7)

>80 57 (6.1)

Have you ever served in the military 

Yes 123 (13.2)

Employment and Volunteer Status 

Full-time 563 (60.2)

Part-time 45 (4.8)

Unpaid Volunteer 73 (7.8)

Full-time & Volunteer 47 (5.0)

Part-time & Volunteer 41 (4.4)

Full-time & Part-time 11 (1.2)

Stipend/Paid Volunteer 53 (5.7)

Taking a break, but plan to 

return in the future

21 (2.2)

Retired 54 (5.8)

Other 16 (1.7)

Quit 11 (1.2)

Years of Experience

<1 34 (3.6)

1–2 61 (6.5)

3–5 85 (9.1)

6–10 131 (14.0)

11–15 128 (13.7)

16–20 134 (14.3)

21–25 117 (12.5)

26–30 86 (9.2)

>30 160 (17.1)

Table 2. EMS employment demographics

n (%)

Frequency of  having a drink containing 

alcohol in the past year

Never 141 (16.2)

Monthly or less 176 (20.2)

Two to four times 

a month 

233 (26.8)

Two to three times 

a week

185 (21.2)

Four or more 

times a week 

136 (15.6)

Number of alcoholic drinks had on a day 

when drinking in the past year

None, I do not 

drink 

167 (19.2)

1 to 2 388 (44.5)

3 to 4 184 (21.2)

5 to 6 90 (10.3)

7 to 9 28 (3.2)

10 or more 14 (1.6)

Reports of frequent substance use 

Substance Weekly 

use  

n (%)

 Daily or 

almost 

daily use  

n (%)

Tobacco 26 (3.0) 117 (13.4)

6 or more 

alcoholic drinks

70 (8.1) 20 (2.3)

Prescription drugs 

for non-medical 

reasons

4 (0.5) 5 (0.6)

Cannabis  57 (6.5) 67 (7.7)

Illegal drugs 5 (0.6) 1 (0.1)

Table 3. Reported substance use and misuse  

of EMS providers
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Question Yes 

Suffered a physical injury due to job 183 (20.4)

If you suffered an injury, did you have to 

take time out of work

114 (62.3)

Problems with work or daily life due 

to emotional problems, such as feeling 

depressed, sad or anxious

429 (47.8)

Diagnosed with a mental health disorder 252 (28.1)

Thoughts about killing oneself 138 (15.4)

In the last 12 months, have you done 

anything, started to do anything, or 

prepared to do anything to end your life?

29 (3.2)

Called/texted/online chatted with 988 for 

oneself 

9 (1.0)

Experienced burnout 471 (52.6)

Sought out help for mental health 281 (31.4)

Physical Health Rating 

Excellent 172 (19.2)

Average 574 (64.0)

Somewhat poor 122 (13.6)

Poor 28 (3.1)

Not sure 1 (0.1)

Mental Health Rating 

Excellent 151 (16.8)

Average 470 (52.4)

Somewhat poor 197 (22.0)

Poor 69 (7.7)

Not sure 10 (1.1)

Stress Levels 

Very low/none 25 (2.8)

Low 151 (16.8)

Moderate 459 (51.2)

High 217 (24.2)

Very high 45 (5.0)

Average Hours of Sleep in a 24 hour Period

0–5 216 (23.1)

6 397 (42.4)

7 227 (24.3)

8 78 (8.3)

9 13 (1.4)

10+ 5 (0.5)

Effect on Relationships 

Very often 102 (11.4)

Somewhat often 254 (28.3)

Not so often 357 (39.8)

Not at all 184 (20.5)

Table 4. EMS professional evaluation of health

Strongly 

Agree or 

Agree

Neutral Disagree 

or Strongly 

Disagree

My agency considers mental health 

important

479 (55.6) 226 (26.2) 157 (18.2)

I feel comfortable talking about my 

mental health with my colleagues

367 (44.0) 249 (29.9) 218 (26.1)

I am afraid to ask for mental health 

resources due to fear or retaliation  

or disciplinary action

126 (15.1) 182 (21.8) 526 (63.1)

I am afraid to ask for mental health 

resources due to a fear of being labeled 

or treated differently by my colleagues

199 (24.0) 208 (25.1) 422 (50.9)

I feel appreciated by my agency when  

I think about what they pay me

233 (29.9) 239 (30.7) 306 (39.3)

Table 5. Mental health stigma in EMS

Number 

of risk 

factors 

Total Male Female 18–24 25–39 40–49 50–64 65+

1 318 245 67 34 105 62 104 13

2 151 115 34 11 65 41 33 1

3 82 64 15 12 26 25 18 1

4 18 13 4 1 10 4 2 1

5 10 6 3 0 6 1 2 1

6 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0

Table 6. Presence of risk factors for suicide in EMS professionals

DISCUSSION 

RIDOH Center for EMS hypothesized that there would be a high per-
centage of EMS professionals suffering from mental health problems, 
and even higher percentages of professionals with suicide risk factors. 
However, the 15.4 percent of providers who have had thoughts of kill-
ing themselves was far larger than expected as the national average of 
adults ages 18 or older with serious thoughts of suicide in the past 12 
months is approximately 5.0 percent.14 Rhode Island EMS profession-
als are struggling with their mental health at a rate higher than the 
national average, likely due to high presence of risk factors which have 
been linked to suicide in previous research. EMS professionals are bur-
dened by their job and are not receiving and/or utilizing the resources 
they need to cope with job-related pressures. This burden enters their 
personal life, with high rates of relationship instability and substance 
misuse, putting these professionals at risk for suicide. Just one risk fac-
tor can lead to suicide, and our survey identified 110 professionals with 
three or more risk factors. EMS professionals between the ages of 25–39 
reported the highest number of risk factors. This age group has also 
been overrepresented in EMS professional suicides in Rhode Island over 
the past 15 years.   

Mental health stigma is an issue in the RI EMS community. Answers 
to stigma-related questions in Table 5 suggest that RI EMS professionals 
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feel mental health is stigmatized, given answers to stigma 
questions did not reach an overwhelming positive majority. 
Some 25.5 percent of EMS professionals aged 25–39 either 
disagree or strongly disagree with the statement: “My agency 
considers mental health important.” This is the largest per-
centage of any age group to report this finding. Given that 
these professionals are more likely to be in junior leadership 
positions based on national recommendations for EMS lead-
ership qualifications,15 they represent the bridge between 
the longest-serving professionals and the newest profession-
als. Their response to this question is particularly relevant 
because junior leadership interacts significantly with both 
staff and senior leadership, giving them the broadest view of 
organizational values. In addition, 44.4 percent of all respon-
dents reported either a negative or neutral response to the 
same question. These data indicate that stigma is still a bar-
rier to mental health care for many EMS professionals in 
Rhode Island. With a community as small as Rhode Island 
EMS, peer response plays a large part in a professional’s will-
ingness to seek help.

Rhode Island EMS professionals  most common reasons 
for not receiving mental health support, are, “I didn’t think 
it was needed,” and “I already possess sufficient coping 
skills.” These results would suggest that awareness of men-
tal health’s importance and de-stigmatization of mental 
health care through the entire chain of command is essen-
tial to provide reform. EMS professionals need to recognize 
when it is imperative to seek help while departmental aware-
ness and recognition of individuals in need is enhanced, and 
individuals can receive support and help without negative 
consequences.  

Data addressing the accessibility of mental health 
resources show that there is a significant number of profes-
sionals who do not have access to mental health resources 
via their agency. With only 65.6 percent of EMS professionals 
with guaranteed resources, this leaves the remaining provid-
ers in need of locating and paying for services on their own. 
The one resource that is available to all providers is Critical 
Incident Stress Management (CISM). RI has a CISM program 
that, upon request, will send a team member to an agency to 
facilitate one group discussion after a particularly traumatic 
incident. In addition, CISM team members will refer EMS 
professionals to other mental health resources for additional 
support. It is also important to note that CISM debriefings 
are typically organized at the request of agency leadership 
and is most often optional for EMS professionals to attend.16 

As a result, if an agency does not have a strong mental 
health culture, these debriefings will not occur. Although 
studies have not shown CISM single-session debriefing to be 
as effective as intended, as illustrated by a 2002 paper that 
found no significant benefit from single session psychologi-
cal debriefing following trauma, the EMS professionals with 
suicidal ideation in our population reported that they val-
ued CISM intervention.17 Of the professionals with suicidal 

ideation who had completed a CISM debrief, 73.1 percent 
feel that CISM is helpful. In addition, of the profession-
als with suicidal ideation who had not completed a CISM 
debrief, 45.6 percent of professionals feel that CISM is help-
ful, with an additional 38.9 percent with a neutral opinion. 
These data would suggest that CISM could be beneficial to 
those who are most at risk for a suicide attempt and should 
be made broadly available as an optional resource.

CONCLUSION 

EMS professionals in the State of Rhode Island experience 
job-related stressors that can degrade their mental health 
and put them at risk for suicide. The future of the EMS pro-
fession is projected to be significantly affected by high rates 
of mental health struggles, substance misuse, and burnout.18 
Many EMS professionals do not feel as though they need 
help when stressed, which will delay care should a mental 
health challenge occur. Longitudinal studies would need to 
occur to determine how many professionals leave EMS due 
to mental health issues. According to the National Regis-
try of EMTs, the number of EMS professionals being certi-
fied increases each year.19 This indicates that there is not 
necessarily a lack of interest, but rather a lack of sufficient 
incentive to work in such a mentally grueling field with-
out adequate mental health support.20 Increased funding for 
mental health programming targeted at the EMS system, in 
addition to de-stigmatization of mental health in the EMS 
community is essential to combat these challenges and 
ensure the safety of those who provide life-saving care to 
Rhode Islanders. 
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Novel Patient Intake Survey for the Diagnosis and Management  

of Hip Osteoarthritis
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ABSTRACT 

INTRODUCTION: Hip osteoarthritis (OA) is a common 
cause of hip pain in adults and a frequent presentation 
in primary care, emergency departments, and orthopedic 
clinics. To improve patient triage and optimize clinical 
efficiency, we developed a nine-item intake survey de-
signed to assess patient symptoms and prior treatments. 
This study aimed to evaluate the survey’s ability to dif-
ferentiate hip OA from other hip pathologies and assess 
its correlation with treatment recommendations.  

METHODS: New patients presenting with hip pain were 
administered a nine-item multiple choice survey. Each 
response was assigned a score, and the total cumulative 
score was recorded. Diagnoses and treatment recommen-
dations, including total hip arthroplasty (THA), were doc-
umented. Logistic regression was used to assess associa-
tions between the survey scores and both diagnosis and 
treatment recommendations. Receiver operating charac-
teristic (ROC) analysis and Youden’s J statistics were ap-
plied to determine the optimal survey score threshold for 
diagnosing hip OA. 

RESULTS: The survey effectively distinguished hip osteo-
arthritis from other hip pathologies based upon cumu-
lative score. ROC analysis identified a total score of ≥9 
as the optimal threshold, maximizing sensitivity (83.3%) 
and specificity (55.9%) for diagnosing hip OA. The pos-
itive predictive value for this threshold was 78.6%. Ad-
ditionally, higher total survey scores were significantly 
associated with the recommendation for THA.

CONCLUSION: This study demonstrates that a simple 
nine-item, patient-reported survey can reliably differen-
tiate hip OA from other hip conditions and may assist 
in guiding treatment decisions. Implementing such tools 
in primary care, emergency medicine, and orthopedic  
settings could enhance early diagnosis and streamline  
referrals.
LEVEL OF EVIDENCE: III

INTRODUCTION

Hip osteoarthritis (OA) is a progressive degenerative joint 
disease and a leading cause of pain, disability, and rising 
healthcare costs in the United States.1 Its incidence is pro-
jected to increase significantly through 2050, largely due to 
the aging population and growing prevalence of obesity.2 Age 
is one of the strongest predictors of OA, with prevalence ris-
ing sharply in individuals aged 65 years or older.3 Addition-
ally, females are at a greater risk of developing OA compared 
to males, with studies suggesting differences in disease pro-
gression and severity.4 Other risk factors include genetic pre-
disposition, occupations requiring prolonged standing and 
heavy lifting, prior trauma, obesity, and dietary factors.5–7 

First line of treatment options for OA includes lifestyle 
modification, physical therapy (PT), analgesic medications, 
and intra-articular injections. While these options may 
provide symptomatic relief, none have been proven to halt 
disease progression.8 For patients with end- stage hip OA, 
elective primary total hip arthroplasty (THA) remains the 
gold standard of treatment, offering substantial pain relief 
and improved function.9,10 Patient selection for THA is mul-
tifactorial, requiring the orthopedic surgeon to consider age, 
comorbidities, body mass index (BMI), radiographic severity, 
pain levels, functional limitations, and physical deformity.11 

The demand for THA is expected to rise substantially in 
the coming decades, with utilization in the United States 
projected to increase by 284% by 2040.2 Meeting this 
demand requires not only a need for more fellowship-trained 
adult reconstruction surgeons, but also the implementation 
of  efficient systems to optimize clinical workflows and 
resource allocation. The emergence of artificial intelligence 
(AI) in healthcare presents opportunities to reduce adminis-
trative burdens, improve patient satisfaction, and enhance 
diagnostic and treatment planning.12 As AI becomes increas-
ingly integrated into clinical workflows, validated standard-
ized surveys may serve as valuable tools for streamlining 
diagnosis and treatment recommendations.

This study aims to evaluate the effectiveness of a short-
form, nine-item survey as a diagnostic tool for hip OA and as 
a potential aid in surgical decision-making. As part of a qual-
ity improvement initiative, our adult reconstruction prac-
tice implemented this survey for all new patients presenting 
with hip pain at their initial visit. The survey was designed 
to supplement the diagnostic process, providing structured 
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clinical data to assist the surgeon in making accurate diag-
noses and recommending appropriate treatment plans. We 
hypothesized that the survey would effectively differentiate 
patients with hip OA from those with other causes of hip 
pain and that total survey scores would correlate with the 
surgeon’s recommendation for THA.  

METHODS

This study received IRB approval by the Lifespan health 
system. Between October 2021 and April 2023, a total of 
100 patient-completed intake surveys were collected and 
reviewed from an Adult Reconstruction Clinic within a 
large orthopedic practice. The survey consisted of nine mul-
tiple choice questions assessing patient demographics (age, 
gender, occupation), pain characteristics (location, duration, 
functional limitations) and previous treatments for hip pain  
[Table 1]. These nine questions were developed based on phy-
sician experience and another similar questionnaire used to 
diagnose knee OA.13 Answer choices were designed to differ-
entiate patients at higher risk for severe hip OA from those 
with mild OA or alternative hip pathologies. The surveys 
were administered during the intake process of the patient 
visit in a blinded fashion. They were then seen immediately 
after by the surgeon, who did not look at the survey answers.

Following survey completion, each question was scored 
individually, and a cumulative score was calculated. Re- 
sponses were assigned point values of 0, 1, or 2, where 0 indi-
cating the lowest likelihood of severe hip OA and 2 indicat-
ing the highest likelihood. After survey collection, patient 
charts were retrospectively reviewed to document the 
attending surgeon’s initial diagnosis and treatment recom-
mendations. Diagnoses included hip OA, greater trochan-
teric bursitis (GTB), lower back pain, or other hip-related 
conditions. Treatment recommendations were recorded and 
included physical therapy (PT), non-steroidal anti-inflam-
matory drugs (NSAIDs), intra-articular hip injections, or 
total hip arthroplasty (THA). 

Statistical Analysis

Descriptive statistics were used to summarize study vari-
ables. Continuous variables were reported as means with 
standard deviations, while categorical variables were pre-
sented as frequencies and percentages. Logistic regression 
was employed to assess the association between total sur-
vey score, individual survey responses, and treatment rec-
ommendations (i.e., clinical diagnosis and intervention 
recommendation). Odds ratios (ORs) with 95% confidence 
intervals (CIs), and model c statistics were reported. Clas-
sical sandwich estimation was utilized to protect against 
model misspecification, while a p-value of <0.05 was used to 
determine statistical significance. A separate model was run 
for each treatment recommendation and pain score combi-
nation. In the modeling, total survey score was treated as a 

continuous variable while the individual survey responses 
were treated as categorical variables. The resulting ORs 
should be interpreted as the likelihood of having the diag-
nosis or intervention recommendation of interest compared 
to all others, with ORs >1 (ORs <1) indicating that increases 
in the pain score are associated with a greater (lower) likeli-
hood of having outcome of interest. Receiver operating char-
acteristic (ROC) analysis and Youden’s J statistics were used 
to determine the optimal survey score threshold for diagnos-
ing hip OA. Sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and corresponding 
95% confidence intervals (CI) were calculated to assess the 
diagnostic performance of the survey. 

Variable Mean (SD) 

or n (%)

Q1. What age range do you fall in?

+0  Under 55 years of age

+1  55 to 65 years of age

+2  Over 65 years of age

13 (13.0%)

32 (32.0%)

55 (55.0%)

Q2. What gender do you identify with?

+0  Female

+1  Male

+0  Self describe as _____

61 (61.0%)

39 (39.0%)

0 (0.0%)

Q3. How would you classify your current occupation?

+0  Mainly desk work or retired

+1  On my feet all day

+2  Heavy lifting work

74 (74.0%)

21 (21.0%)

5 (5.0%)

Q4. Where is your pain concentrated?

+0  Lower back/buttocks

+1  Lateral side of the hip

+2  Groin

7 (7.0%)

54 (54.0%)

39 (39.0%)

Q5. How long has your pain been going on?

+0  Less than a month

+1  1–6 months

+2  6+ months

5 (5.0%)

35 (35.0%)

60 (60.0%)

Q6. When did the pain start?

+0  During activity

+1  No specific incident/woke up with pain     

+2  Fall or trauma

15 (15.0%)

69 (69.0%)

16 (16.0%)

Q7. What have you currently done about your pain?

+0  Nothing

+1  Took medications or completed exercises+PT

+2  Exercises/Stretching/

9 (9.0%)

91 (91.0%)

0 (0.0%)

Q8. How limited are you due to your joint pain?

+0  Not Limited 

+1  Limiting my prior baseline activities     

+2  Fully limited

11 (11.0%)

71 (71.0%)

18 (18.0%)

Q9. Have you been previously told you have OA?

+0  No

+1  Yes, my primary care provider told me

+2  Yes, an orthopedic specialist told me

29 (20.0%)

26 (26.0%)

54 (54.0%)

SD: Standard deviation; BMI: Body mass index; PT: Physical therapy;  

NSAID: Non-steroidal anti-inflammatory drugs

Table 1. Descriptive statistics
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DISCUSSION

Total joint replacement, including total hip arthroplasty 
(THA), is projected to remain one of the most prevalent 
elective surgical procedures in the coming decades.14 Cur-
rently, over seven million Americans have undergone total 
joint arthroplasty, experiencing improved function and pain 
relief despite advanced osteoarthritis (OA).15 The continued 
success of this procedure, coupled with an aging population 
and rising obesity rates, is expected to drive a substantial 

RESULTS

Patient Characteristics

Of the 100 completed surveys, the mean BMI of par-
ticipants was 28.76 (SD: 6.07). At the time of survey 
completion, 55% of patients were over 65 years of 
age, 32% were between 55 and 65 years of age, while 
13% were below the age of 55. The majority of the 
respondents were female (61%), and 74% reported 
being retired or working a sedentary desk job. Only 
5% of patients worked in occupations requiring reg-
ular heavy lifting. 

Regarding self-reported pain characteristics, most 
patients described lateral hip pain (54%) while 39% 
reported groin pain. The majority (69%) could not 
attribute their pain to a specific injury, and 60% 
had been experiencing symptoms for more than six 
months at the time of survey completion. Nearly all 
patients (91%) had previously attempted medica-
tions or PT for hip pain, and 54% had been told from 
an orthopedic specialist that they had hip OA. 

Following chart review, 66% patients were diag-
nosed with hip OA at their first initial visit, while 
16% were diagnosed with greater trochanteric bur-
sitis. Physical therapy was the most frequently 
recommended treatment (45%), while surgery was 
recommended for 38% of patients [Table 1].

Diagnosis

Analysis of the association between the survey and 
clinical diagnosis showed that the total score was 
significantly related to the diagnoses of hip osteoarthritis 
(p=0.001), greater trochanteric bursitis (p=0.007), and low 
back pain (p=0.01). Odds ratios analysis demonstrated that 
higher total scores were associated with an increased likeli-
hood of a hip OA diagnosis (OR=1.72), and a decreased like-
lihood of both GTB (OR=0.61) and low back pain (OR=0.72). 
The discriminative ability of the survey was strong, with asso-
ciated c-statistics exceeding 0.70 for these diagnoses [Table 2].

ROC analysis combined with Youden’s J statistic identi-
fied a total score of ≥9 as the threshold that maximized both 
sensitivity (83.3%) and specificity (55.9%) for diagnosing hip 
OA. At this threshold, the PPV was 78.6% and the NPV was 
63.3% [Table 3].

Management

Logistic regression analysis found that none of the individ-
ual survey questions were significantly associated with the 
likelihood of receiving specific treatment recommendations 
including PT, medications, or injections. However, the total 
survey score was significantly correlated with the recom-
mendation for surgery (OR=1.62, p=0.0005). The model’s 
c-statistic (0.66) indicated moderate discriminative ability 
in predicting which patients were recommended for total 
hip arthroplasty [Table 4].

Initial Diagnosis Mean Score 95% CI Odds-ratio 

(95% CI)

P-Value c

Hip Osteoarthritis 9.76 7.96–8.98 1.72  

(1.24–2.38)

0.001 0.72

Greater Trochanteric 

Bursitis

8.19 7.42–8.96 0.61 

(0.43–0.87)

0.007 0.70

Lower Back Pain 8.50 7.58–9.42 0.72 

(0.55–0.94)

0.01 0.71

Other 9.00 7.56–10.44 0.88 

(0.41–1.89)

0.75 0.51

Table 2. Results of logistic regression model examining the association between 

the intake form total score and initial diagnosis (P<0.05 are bolded)

Diagnosis Sensitivity

Value  

(95% CI)

Specificity

Value  

(95% CI)

Positive 

predictive 

value

Value  

(95% CI)

Negative 

predictive 

value

Value  

(95% CI)

Accuracy

Hip OA 0.83

(0.74–0.92)

0.56

(0.39–0.73)

0.79

(0.69–0.88)

0.63

(0.46–0.81)

74%

Greater 

trochanter 

bursitis

0.75

(0.66–0.84)

0.56

(0.32–0.81)

0.90

(0.83–0.97)

0.30

(0.14–0.46)

72%

Back pain 0.75

(0.66–0.84)

0.67

(0.40–0.93)

0.94

(0.89–0.99)

0.27

(0.11–0.42)

73%

Other 0.71

(0.61–0.80)

0.40

(0–0.83)

0.96

(0.91–0.99)

0.07

(0–0.16)

69%

Table 3. ROC data for all the diagnoses.

Table 4. Results of logistic regression model examining the association 

between the intake form total score and recommended intervention.  

(P<0.05 are bolded)

Intervention Odds-ratio 

(95% CI)

P-Value c

PT 0.78 

(0.60–1.02)

0.07 0.60

NSAID 0.81 

(0.62–1.06)

0.12 0.60

Intra-articular injection 0.91 

(0.65–1.27)

0.57 0.53

Total hip arthroplasty 1.62 

(1.24–2.11)

0.0005 0.66
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increase in THA utilization. Meeting this growing demand 
will require not only healthcare policy adjustments to 
expand the workforce of fellowship-trained adult reconstruc-
tion surgeons but also strategies to improve clinical effi-
ciency.2 Standardized, reliable patient-reported surveys offer 
a promising tool to streamline patient assessment, enhance 
surgeon planning, and optimize resource allocation. To our 
knowledge, no prior studies have evaluated the accuracy of 
a patient-reported survey as a diagnostic tool for severe hip 
OA requiring THA.   

In this study, we examined the relationship between 
patient responses on a nine-item survey and an adult recon-
struction surgeon’s initial diagnosis and treatment recom-
mendation. Our findings demonstrate that the cumulative 
score effectively differentiated patients diagnosed with hip 
OA from those with alternative conditions such as greater 
trochanteric bursitis or lower back pain. A cumulative score 
of ≥9 was identified as the optimal threshold, maximizing 
both sensitivity and specificity for hip OA diagnosis. Nota-
bly, the survey score was also significantly associated with 
the surgeon’s recommendation for THA, suggesting its 
potential role in surgical decision-making.

Beyond its application in orthopedic specialty clinics, 
this survey may have significant value for primary care and 
emergency department (ED) physicians, who are often the 
first to evaluate patients with hip pain. Hip OA is a com-
mon complaint in both settings, yet differentiating OA from 
other causes of hip pain, such as bursitis, lumbar radicu-
lopathy, or referred pain, can be challenging, particularly 
in time-limited encounters. A simple, intake survey could 
assist primary care providers in stratifying patients based on 
their likelihood of having hip OA, guiding earlier referrals 
to orthopedic specialists when surgical intervention may be 
needed. Similarly, in the ED setting, where musculoskele-
tal pain is a frequent complaint but advanced imaging and 
specialist consultation may not always be immediately 
available, this tool could provide a structured approach 
to  risk-stratifying patients, ensuring that those with high 
scores receive appropriate follow-up while those with lower 
scores are directed toward nonoperative management.

This study represents the first of its kind to assess a novel 
nine-item patient-reported intake survey as a diagnostic 
aid for hip OA and a predictor of surgical intervention. As 
artificial intelligence (AI) continues to be integrated into 
healthcare, standardized questionnaires may serve as valu-
able screening tools to assist orthopedic clinical workflows 
and enhance AI-driven diagnostic models. By pre-screening 
patients before their initial consultation, such tools could 
improve efficiency, reduce wait times, and allow surgeons 
to focus on higher-risk patients requiring advanced inter-
ventions. In  primary care and ED settings, incorporating 
this survey into initial patient evaluations could help expe-
dite appropriate referrals, reduce unnecessary imaging, and 
improve overall patient care efficiency.

While our findings are promising, this study has several 
limitations. The short-form nature of the questionnaire 
restricts the breadth of patient demographic and clinical 
data captured. Factors such as family history, race/ethnic-
ity, and dietary habits, which may influence hip OA risk 
and severity, were not accounted for.16,17 Another inherent 
limitation is the potential for reporting bias, as patient-re-
ported outcomes can be influenced by individual pain tol-
erance, recall accuracy, and emotional state at the time of 
survey completion. Additionally, this study was conducted 
within a single adult reconstruction clinic, which may limit 
the generalizability of findings to broader orthopedic and 
primary care populations. Further research is warranted to 
validate these findings in larger, more diverse cohorts and to 
assess the survey’s performance in primary care and emer-
gency medicine, where early identification of hip OA could 
facilitate timely referrals and interventions. Moreover, the 
generation and weighting of the survey questions was based 
on surgeon experience and prior studies which may be vul-
nerable to biases.13 Future studies are needed to optimize 
the question selection and weighting to further improve the 
efficacy of our screening survey. Lastly, a senior arthroplasty 
attending selected patients for the osteoarthritis cohort 
based on the criteria of having a clinical exam and history as 
well as radiographic evidence consistent with osteoarthritis. 
We did not perform a formal evaluation of the radiographic 
presence or severity of osteoarthritis in this study. Future 
studies may investigate the relationship between clini-
cal findings and radiographic osteoarthritis, as well as the  
correlation between survey scores and radiographic findings.

CONCLUSION

Patient-reported surveys may serve as valuable adjuncts in 
orthopedic clinical workflows by improving diagnostic effi-
ciency and guiding treatment decisions. This study assessed 
a nine-item intake survey as a useful tool for distinguishing 
hip osteoarthritis from other causes of hip pain and demon-
strated its correlation with total hip arthroplasty recom-
mendations. Implementing structured intake surveys in 
orthopedic, primary care, and emergency medicine settings 
could facilitate earlier identification of hip OA, stream-
line referrals, and optimize patient management. Further 
research is needed to assess the survey’s effectiveness in 
diverse clinical settings and its potential role in standardiz-
ing hip OA evaluation and treatment planning.
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ABSTRACT 

Glioblastoma (GBM) is an aggressive brain tumor, com-
monly occurring in the frontal and temporal lobes. GBM 
is characterized by low survival rates, high recurrence 
rates, and unclear risk factors, making management a 
significant challenge. Anatomic magnetic resonance 
imaging (MRI), including T1-weighted, T2-weighted, 
and fluid-attenuated inversion recovery (FLAIR), is the 
gold standard for diagnosis of GBM. These techniques 
have lower accuracy in evaluating treatment response, 
as pseudoprogression and radionecrosis can mimic true  
tumor progression (TrTP). Advanced imaging options  
that offer physiologic information, such as diffusion- 
weighted imaging, MR perfusion, MR spectroscopy, 
and Positron Emission Tomography (PET), have shown 
promise in aiding diagnosis and treatment response 
monitoring. The first-line treatment for GBM is maxi-
mal safe neurosurgical resection, followed by adjuvant 
radiotherapy and temozolomide, an oral DNA alkylating 
agent. Current research is focused on optimizing imag-
ing to evaluate TrTP and developing novel treatments to  
increase survival rates.

KEYWORDS:  Glioblastoma; imaging; MRI; CT; 
pseudoprogression  

EPIDEMIOLOGY 

Glioblastoma (GBM) is a rapidly progressing and fatal 
malignancy, with a five-year survival rate of only 7.1%.1 It 
accounts for 51.5% of all primary central nervous system 
malignant tumors. While GBM tumors most typically pres-
ent in the frontal and temporal lobes, they can also occur 
in other cortical and subcortical structures.2 These 
tumors rarely metastasize, but they are inherently 
invasive, making surgical resection with clear mar-
gins infeasible. By definition, GBM is a grade IV 
glioma without a mutation in isocitrate dehydro-
genase (IDH), also known as IDH-wildtype.3  GBM 
is conventionally differentiated from other glio-
mas by classic histological features, such as micro-
vascular proliferation or necrosis. However, the 
2021 WHO classification introduced new molec-
ular criteria that can be used to upgrade a tumor 

to GBM in the absence of the typical histological features. 
One of three molecular markers must be present: telomerase 
reverse transcriptase (TERT) promoter mutation, epidermal 
growth factor receptor (EGFR) amplification, or combined 
gain of whole chromosome 7 and loss of whole chromosome 
10 (+7/–10).3 Molecular sequencing is routinely employed 
in characterizing newly diagnosed brain tumors to detect 
actionable mutations and holds promise in changing GBM 
treatment. For example, tumors with BRAF-V600E or NTRK 
mutations can be treated with targeted therapy.4 Addition-
ally, immunotherapy can potentially be used to treat hyper-
mutated phenotypes of GBM with high tumor burden, which 
are caused by mutated DNA mismatch repair genes or DNA 
polymerase complex.5 

In Rhode Island (RI), the age-adjusted incidence of GBM 
has remained relatively steady, slightly increasing from 3.8 
per 100,000 from 1995–1999 to 3.9 per 100,000 from 2015–
2019 [Table 1].6 These rates are higher than the national rate, 
which has hovered around 3.2 per 100,000 over that same 
time period.7 Nationally, GBM incidence is markedly higher 
in males than in females, with 2020 incidence rates of 4.1 
and 2.5 per 100,000, respectively. In addition, GBM inci-
dence greatly increases with age, with 13.3 cases per 100,000 
in the 65+ age group.8 Both of these national trends were 
observed at the state level from 1995–2019, as the mean age 
of RI GBM patients was 64.8 years old, with males repre-
senting 55.1% of those patients. Lastly, 97.4% of RI GBM 
patients over this time period were White. 

The clearest modifier of GBM survival is age, with patients 
in the 65+ age group exhibiting the lowest five-year survival 
rate of all examined age groups at 3%, according to national 
data from 2016.8 Besides differences in age and sex, risk fac-
tors for developing GBM are not well-established. A recent 

Incidence 1995–1999 2000–2004 2005–2009 2010–2014 2015–2019

Age-adjusted 

incidence rate, 

per 100,000 

individuals 

3.8 3.8 3.2 3.6 3.9

Table 1. Demographics and age-adjusted incidence rate of glioblastoma  

(ICD-O-3 9440/3) in RI (1995–2019) 

Demographics Mean Age (years) Male (%) White (%) 

64.8 ± 14.0 55.1 97.4

 50 
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meta-analysis showed no increase in GBM risk with vari-
ables such as increased BMI, type 2 diabetes mellitus, alco-
hol consumption, NSAID use, or magnetic field exposure.9 

Another study found a 17% increased incidence of GBM 

in the highest socioeconomic status counties, compared 
with the lowest socioeconomic counties, though research-
ers struggled to identify specific risk factors to support this 
association.10

Clinical presentations for GBM patients vary based on the 
brain regions impacted by the tumor itself or the tumor’s 
mass effect, with symptoms ranging from focal deficits, such 
as motor weakness, visual disturbance and focal seizures, to 
global impairments, including headaches, syncope and gen-
eralized convulsions.11 Following diagnosis, the typical goals 
of care focus on slowing the progression of GBM while pre-
serving normal brain function. Specific tumor characteristics 
have been identified that aid in predicting how efficacious 
certain treatments will be for patients. For example, tumors 
with a methylated O-6-methylguanine-DNA methyltrans-
ferase (MGMT) gene are more likely to respond favorably 
to temozolomide (TMZ), the first-line chemotherapeutic in 
GBM treatment regimens, than those with an unmethyl-
ated MGMT.12 With further establishment of trends relating 
tumor characteristics to responsiveness to treatment, care 
plans for GBM patients will continue to evolve to maximize 
treatment efficacy.

IMAGING 

CT

Before the introduction of MRI, computed tomography 
(CT) was the neuroimaging gold standard for diagnosing 
GBM. Given its accessibility, CT is usually the first imag-
ing modality in a patient’s work-up for a suspected brain 

lesion. On CT, the tumor can have a hypodense necrotic 
center with irregular, slightly hyperattenuating margins 
due to high cellularity, which can give a ring enhancement 
appearance on non-contrast imaging.13 Due to the infiltra-
tive nature of the tumor, it may cross the midline, extending 
to the contralateral hemisphere via the genu, body, and the 
splenium of the corpus callosum. Typically, CT also shows 
calcification, hemorrhage, mass effect, and vasogenic edema 
surrounding the tumor (Figure 1). Additionally, GBM’s high 
vascularity lends itself well to visualization via perfusion 
CT imaging, which highlights the brain microcirculation 
and usually demonstrates increased tumor blood flow, cere-
bral blood volume (CBV), and vascular permeability.14 These 
factors may help to distinguish GBM from grade 3 gliomas 
and other tumors, such as primary CNS lymphoma and 
metastatic brain tumors.14,15 However, once a brain tumor is 
suspected, MRI is the neuroimaging gold standard due to its 
high specificity and sensitivity for GBM evaluation.16 

MRI

The gold standard for GBM imaging includes pre- and 
post-gadolinium (Gd) contrast-enhanced T1 weighted imag-
ing (T1WI) (Figure 2A,B), T2 weighted imaging (T2WI), and 
fluid-attenuated inversion recovery (FLAIR) MRI (Figure 
2C).17 Compared to CT, which uses density differences to 
distinguish tumor from normal tissue, MRI indirectly esti-
mates tumor size by visualizing the gadolinium contrast 
that extravasates through the disrupted tumor vasculature. 
On T1WI, CSF appears hypointense (dark) and white mat-
ter tissue hyperintense (light), while the inverse is true on 
T2WI. FLAIR is similar to T2WI, except it attenuates nor-
mal CSF fluid, allowing easier detection of abnormal tis-
sue. On pre-contrast T1WI, GBM appears as a hypointense 
or isointense mass with a central heterogeneous signal if 

Figure 1. Non-contrast CT of the brain 

demonstrates an isodense lesion in 

the right frontotemporal brain associ-

ated with vasogenic edema and mass  

effect on the right lateral ventricle.

Figure 2. [A] Non-contrast enhanced T1-weighted imaging of the brain demonstrates a hypointense lesion in 

the right frontotemporal brain. [B] Post-contrast T1-weighted imaging demonstrates predominantly peripheral 

enhancement of the right frontotemporal lesion. [C] Axial T2-weighted fluid-attenuated inversion recovery 

imaging (FLAIR) demonstrates hyperintense signal associated with right frontotemporal lesion with mass effect 

resulting in right to left midline shift and effacement of the right lateral ventricle. 
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hemorrhage or necrosis is present.18 Post-contrast T1WI 
illustrates the vascularity of the brain and detects any 
breakdown in the blood-brain barrier (BBB) due to tumors, 
abscesses, and other pathologies. On post-contrast T1WI, 
the area of necrosis appears hypointense while regions of 
viable tumor demonstrate hyperintense enhancement. Even 
though contrast enhancement is a common feature of high-
grade gliomas (HGGs), including GBM, around 9% of HGG 
tumors do not enhance.19 Additionally, it is difficult to deter-
mine the histologic grade of glioma on post-contrast T1WI.20 
GBM’s highly infiltrative nature can help distinguish it from 
other gliomas, as it can extend into the contralateral hemi-
sphere and deep nuclei of the cortex. Intratumoral hemor-
rhage and satellite lesions can also be highly suggestive of 
this malignancy. On T2WI/FLAIR, GBM appears as a hyper-
intense mass surrounded by vasogenic edema. 

Although MR imaging is imperfect, it is necessary not 
only to guide the biopsy and confirmation of GBM but also 
to monitor treatment response. Post-contrast T1WI has 
conventionally been used for treatment response assess-
ment but not without limitations. For example, a change in 
enhancement on imaging correlates with the breakdown of 
the blood-brain barrier (BBB), and, therefore, is not a direct 
measure of the tumor.21 Increased enhancement occurs with 
both true tumor progression (TrTP) and pseudoprogression 
(PsP), posing a challenge to clinicians. It is important to rec-
ognize PsP on imaging since it does not represent TrTP and 
should not alter treatment course (Figure 3). PsP typically 
occurs within the first six months post-radiotherapy (RT), 
especially in the first three months, and usually improves 
without any intervention. The exact mechanisms behind 
PsP are unknown, with one hypothesis that radiotherapy 
causes increased vascular permeability and edema due to 
endothelial cell death.22 A meta-analysis of HGGs showed 
that 36% of patients with MRI progression had PsP, 60% had 
TrTP, and 4% had an unknown outcome.23 

Given the clinical importance of distinguishing TrTP from 
PsP on imaging, standardized guidelines to differentiate the 
two are essential. The Response Assessment in Neuro-On-
cology (RANO) criteria provide an objective measure of treat-
ment response in gliomas, which helps guide management.24 

The criteria take into account imaging factors like tumor 
size and presence of new lesions on MRI, as well as patient 
factors like clinical status and use of corticosteroids. The 
postradiotherapy MRI is used as the baseline for compari-
son with future scans. Depending on these factors, the treat-
ment response is classified into complete response, partial 
response, stable disease, or progressive disease. Given the 
high incidence of PsP in the three months after radiotherapy, 
TrTP can only be confirmed by progression on repeat MRI 
during this period or with tissue sampling. 

Radionecrosis is another treatment response that occurs 
due to radiation-induced damage of brain tissue and can 
mimic TrTP on imaging. In contrast to PsP, radionecrosis 
can occur six months to years after treatment and is usu-
ally irreversible.25 Proposed mechanisms of radionecro-
sis include demyelination of white matter tracts, vascular 
endothelial damage, and changes in the fibrinolytic enzyme 
system. On MRI, findings of radionecrosis are most often 
seen at the tumor site, where the highest dose of radiation is 
delivered. On T2WI, this typically presents as an enhancing 
mass with a hyperintense necrotic center and surrounding 
edema. Given the similarity of the findings on MRI, it can 
be difficult to discern PsP and radionecrosis from TrTP. A 
meta-analysis looking at the diagnostic accuracy of MRI in 
evaluating treatment response in HGG patients found that 
anatomical MRI showed a pooled sensitivity of 68% and 
specificity of 77%.26

Given the limitations of conventional MRI, more advanced 
imaging techniques have been implemented in the clinical 
management of HGG patients. Diffusion-weighted imag-
ing (DWI) measures the random movement of water mol-
ecules in tissue, which is affected by tissue cellularity. To 
quantify the extent of water diffusion, an apparent diffusion 
coefficient (ADC) is calculated, where lower scores corre-
spond to lower (more restricted) diffusion. In the context of 
tumors, ADC is impacted by the tumor size and the extra-
cellular matrix complexity, making it an indirect measure 
of tumor cellularity.27 Typically, non-enhancing cystic and 
necrotic areas have high ADC values, whereas the solid por-
tion of GBM has lower ADC values (comparable to white 
matter regions). By showing the heterogeneity of diffusion 
in the brain, ADC mapping provides valuable insight into 
the type of lesion present, helping differentiate grade 3 glio-
mas from GBMs.28 A meta-analysis found that pooled ADC 
maps were 71% sensitive and 87% specific in evaluating 
treatment response in HGG, showing higher accuracy than  
conventional anatomic MRI.26

MR Perfusion

MR perfusion is another imaging modality that has shown 
promise in characterizing GBM physiology. This imaging 
can be done using three techniques: dynamic susceptibility 
contrast (DSC), dynamic contrast-enhanced (DCE), and arte-
rial spin labeling (ASL) MR perfusion. DSC-MR perfusion, 

Figure 3. Axial T2-weighted fluid- 

attenuated inversion recovery imaging 

(FLAIR) demonstrates hyperintense 

signal posterior to right frontal resec-

tion cavity. This signal was not associ-

ated with post-contrast enhancement 

or elevated relative cerebral blood 

volume (rCBV).
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or perfusion-weighted imaging (PWI), is the most widely 
used MR perfusion technique because it provides informa-
tive metrics such as CBV and cerebral blood flow.27 This 
method relies on signal loss on T2 or T2* weighted images 
caused by the susceptibility effect from the Gd-based con-
trast agent passing through blood vessels. Studies have 
shown that GBM has an elevated CBV compared to low-
er-grade tumors and normal tissue, and that elevated CBV 
negatively correlates with prognosis.29 DCE-MR perfusion, 
or “permeability” MRI, captures serial T1WI before, during, 
and after contrast to plot signal intensity over time in more 
detail than conventional T1WI. A useful metric derived 
from this technique is K-trans, which reflects the permea-
bility of brain tissue and tumor angiogenesis.27 A meta-anal-
ysis found that DSC- and DCE-perfusion have sensitivities 
of 87% and 92%, respectively, and specificities of 86% and 
85%, respectively, making them more accurate than con-
ventional MRI.26 Lastly, ASL MR perfusion uses magnet-
ically labeled water as a tracer and can be used to derive 
CBV. This technique is less widely used, potentially due to 
its lower signal-to-noise ratio and longer scanning time.27 
A recent meta-analysis found that DWI was slightly bet-
ter than PWI (or DSC-MR perfusion) in terms of sensitivity 
(88% vs. 85%, respectively) and specificity (85% vs. 79%, 
respectively) in differentiating TrTP from PsP.30 However, 
there was no significant difference in the area under the 
curve values between the two modalities (0.9156 for DWI 
and 0.9072 for PWI). These metrics highlight the strong per-
formance of these modalities in treatment response evalua-
tion of GBM, compared to conventional anatomic MRI. As 
seen, these methods not only help diagnose GBM but also 
show promise in evaluating treatment response and offering 
prognostic information.

MR Spectroscopy

Lastly, MR spectroscopy (MRS) is a useful technique for 
detecting metabolites present in brain tissue by using 1H 
(proton) and phosphorus 31 resonances. In GBM, MRS typ-
ically reveals increased choline (indicating increased mem-
brane turnover), lactate (indicating hypoxia and necrosis), 
and lipids (indicating necrosis).27 Additionally, the tumor 
demonstrates decreased N-acetyl aspartate (indicating 
impaired neuron mitochondrial integrity) and myoinosi-
tol (indicating disruption of the BBB and osmotic equilib-
rium).27,31 A recent meta-analysis showed that elevated 
choline to N-acetyl aspartate ratio has high sensitivity and 
specificity for detecting TrTP.32 MRS has demonstrated a 
sensitivity of 91% and a specificity of 95% in evaluating 
treatment response in HGG.26 Thus, this technique not only 
shows promise in distinguishing GBM from other tumors 
but also in differentiating TrTP from PsP and radionecrosis. 

Positron Emission Tomography 

Although not universally used for tumor monitoring, Pos-
itron Emission Tomography (PET) may provide additional 
benefits in diagnosing GBM and monitoring its progression. 
[18F]Fluoro-2-deoxy-D-glucose has traditionally been used 
as a surrogate for metabolic activity, which may be useful 
in differentiating metabolically active tumor from treat-
ment-related changes. However, the brain’s high glucose 
utilization at baseline decreases this radiotracer’s specificity 
and limits its utility.33 An amino acid tracer, 11C-methyl- 
2-methionine, has been used for guiding tumor biopsies due 
to its elevated uptake in tumor tissue. While it may have 
additional benefits relative to the glucose tracer, it is less 
accurate than MR perfusion for monitoring tumors in the 
posttreatment setting.33 Alternatively, 18F-fluoromisoni-
dazole, a marker of hypoxia, shows higher uptake in GBM 
tumors than in other non-GBM gliomas, making this tool 
useful in the initial GBM workup.34 An increase in this 
radiotracer’s signal also correlates with early tumor recur-
rence, while a decreased signal is seen in those receiving 
bevacizumab therapy.35  An additional radiotracer, 18F-flu-
orothymidine, is a marker of cell proliferation and helps 
differentiate low- and high-grade gliomas.33 While different 
radiotracers each have specific applications in GBM workup, 
the use of PET for GBM is still largely investigational and 
remains an active area of research. There are logistical bar-
riers to routinely using PET in a clinical setting, and the 
additional benefits of PET compared to the validated tools of 
MR perfusion/spectroscopy remain unproven. 

TREATMENT 

Given the complexity of GBM, the current standard is a 
multimodal treatment consisting of surgery followed by 
adjuvant radiotherapy (RT) and TMZ, an oral DNA alkylat-
ing agent.36 For patients who qualify for surgery, the gold 
standard is maximal safe resection of the contrast-enhancing 
tumor, and those who underwent gross total resection (GTR) 
have shown improved survival.37 However, despite exten-
sive resection, many patients experience tumor recurrence 
near the prior surgical site.38 Several studies have explored 
the supramaximal resection (SMR) of GBM as an alterna-
tive, which involves the removal of tissue beyond the con-
trast-enhancing region. A recent meta-analysis showed that, 
relative to GTR, SMR results in a significant reduction of 
disease progression and an increase in survival time.39 Nota-
bly, SMR is mainly performed on non-eloquent brain tissue, 
which could explain the favorable complication rates in the 
literature. Currently, there are no established guidelines on 
the optimal extent of resection in SMR, as increasing resec-
tion margins without potentially impacting neurological 
function and prognosis proves challenging.40

Surgical candidacy is determined after extensive imaging 
of the tumor and assessment of the patient’s overall health. 
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Poor performance status and tumors that are multifocal, 
midline, or in deep brain areas are some factors that can 
preclude patients from resection.41 Although the number of 
patients with inoperable GBMs is not well cited, it is esti-
mated to be between 35 and 40%.41 These patients usually 
undergo a stereotactic biopsy, which provides insight into 
tumor pathology and helps guide the treatment plan. Laser 
interstitial thermal therapy (LITT) has emerged as a new 
treatment modality for patients with unresectable GBMs.42 
A laser is guided through a catheter using advanced intraop-
erative imaging to ablate the tumor area with high tempera-
tures. A recent study showed that patients who underwent 
LITT had a median progression-free survival of four months 
and a median overall survival of 11 months.43

After surgery, corticosteroids are added to treat the 
tumor-associated edema. Dexamethasone is the preferred 
medication due to its long half-life, high potency, and low 
mineralocorticoid activity.44 Typically, the starting dose 
ranges from 2 to 16 mg depending on symptom severity, and 
it is administered for the shortest time possible, as prolonged 
dexamethasone use is detrimental to GBM patients.45,46 If 
the patient is unresponsive or intolerant to corticosteroids, 
bevacizumab, a VEGF-A monoclonal antibody, can be used 
instead to treat cerebral edema symptoms.47

Typically, three to six weeks after surgery, patients receive 
radiation (30 fractions of 2 Gy over a six-week period for a 
total of 60 Gy) in addition to daily administration of oral 
TMZ.46  Four weeks after the end of radiation, six 28-day 
cycles of adjuvant TMZ are done, where TMZ is adminis-
tered for five consecutive days in each monthly cycle. This 
multimodal treatment was the result of the influential 2005 
EORTC–NCIC phase III clinical trial, which demonstrated a 
median survival of 14.6 months for adjuvant TMZ and RT, 
significantly higher than the previous standard of care of 
adjuvant RT alone.46 Although conventionally fractionated 
radiation is the gold standard if tolerated, hypofractionated 
radiation therapy is preferred in older patients or those with 
poor performance status.47

In addition to the standard of care, two adjuvant treat-
ments have been approved by the Food and Drug Admin-
istration (FDA): Gliadel® in 1996 and tumor-treating fields 
(TTF) in 2015.49,50 Although TMZ is the gold standard, only 
20% of the drug in the plasma accumulates in the brain 
after oral intake, indicating inefficient delivery.52 Gliadel® 

is an implantable biodegradable wafer that delivers car-
mustine at the GBM resection cavity.53 It has been shown 
to increase median survival to 18.2 months when combined 
with RT and TMZ, 3.6 months higher than RT and TMZ 
alone. However, its use remains limited due to its rigid 
structure, rapid release, and high cost. The TTF device has 
transducer arrays consisting of electrodes that are placed on 
the patient’s scalp to deliver low-intensity alternating elec-
tric fields.54 It has been shown to inhibit the proliferation of 
tumor cells and improve survival outcomes when combined 

with maintenance TMZ relative to TMZ alone. Despite its 
demonstrated benefits in various trials, TTF adoption in 
clinical practice is still limited. 

There have been several studies using immunotherapy 
in addition to RT and TMZ to treat GBM. However, most 
trials have failed to show survival benefits in patients, 
such as those using nivolumab and dendritic cell (DC) vac-
cines.55,56 A recent phase I trial pulsed an autologous DC 
vaccine with lysate from GBM stem cells, which was safe, 
well tolerated, and showed improved survival outcomes.56 
A phase III randomized controlled trial (the DCVax-L trial) 
showed that adding a DC vaccine to the standard of care 
showed increased overall survival for both newly diagnosed 
and recurrent GBM, but the study did not meet its target 
endpoints.57 The BBB poses a significant challenge to chemo-
therapy administration, as it largely prevents the passage of 
drugs.58 Intra-arterial chemotherapy can increase drug con-
centration in tumor areas despite the BBB limitation,59 but 
late-phase trials are lacking. More recently, a phase I trial 
demonstrated that MR-guided focused ultrasound, which 
transiently disrupts the BBB, is safe when delivering sys-
temic chemotherapy to glioma patients.60 Lastly, injectable 
drug delivery systems that could bypass the BBB altogether, 
such as nanoparticles and hydrogels, have been a focus of 
recent research.61

CONCLUSION 

GBM remains a significant clinical challenge due to its 
complexity and aggressiveness. Several advanced imaging 
modalities have shown promise when used in conjunction 
with conventional MRI for diagnosis and evaluation of treat-
ment response. Tumor heterogeneity and the limitation of 
the BBB pose significant challenges to current and potential 
treatment options. Future research is focused on personaliz-
ing multimodal treatment based on tumor profile, disrupt-
ing the BBB to deliver chemotherapies, and developing novel 
drug delivery systems. 
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Accidental Drug Overdose Deaths:  

Rhode Island – January 1, 2022–December 31, 2024

HEIDI R. WEIDELE, MPH; BENJAMIN D. HALLOWELL, PhD

INTRODUCTION

In 2022, 436 individuals lost their lives to an accidental drug 
overdose in Rhode Island (RI), the highest annual number of 
fatal overdoses ever recorded in RI.1 In response to the state- 
and nation-wide increases in overdose fatalities, RI created 
a goal to reduce overdose deaths by 30% by 2030 through a 
series of state and community level initiatives.2 This work 
aims to describe the current state of the overdose epidemic 
in RI, how overdose trends have changed since the imple-
mentation of the RI 2030 goals, and how overdose preven-
tion and intervention efforts may need to shift to address 
these changes.

METHODS

We analyzed data from the Office of State Medical Exam-
iners (OSME) for deaths that occurred in RI from January 
1, 2022 to December 31, 2024 that were determined to be 
accidental drug overdoses by the state medical examiners. 

To comply with the RI Department of Health Small Num-
bers Policy, we combined sex categories, with transgender 
males captured as male and transgender females captured as 
female. We combined race and ethnicity to create mutually 
exclusive categories; Hispanic or Latino of any race, non-His-
panic White, non-Hispanic Black, and non-Hispanic other/
unknown race. Any counts fewer than five are suppressed.

To obtain rates of overdose by decedent demographics, 
counts were restricted to RI residents. Population estimates 
were obtained from CDC Wonder, with 2023 estimates used 
to calculate 2024 rates.3 

Substances contributing to the cause of death are those 
identified by the medical examiner as a contributing cause, 
and do not just reflect the presence of a particular substance. 
These categories are not mutually exclusive, as more than 
one substance may contribute to the cause of death in a  
single overdose. 

We used chi-square to compare categories by year and 
Fisher’s exact tests when cell counts were fewer than five. 
All analyses were conducted using SAS [Version 9.4].

RESULTS

From January 1, 2022 to December 31, 2024 there were 1,169 
accidental overdose fatalities that occurred in RI. Overall, 
most overdose decedents were male (71%), aged 35–64 (70%), 

and non-Hispanic White (72%; Table 1). Overdoses typically 
occurred in a home or apartment (69%). Most overdoses 
involved only illicit substances (60%) or involved a combina-
tion of illicit substances and prescription medications (28%; 
Table 2). Opioids, including fentanyl, were involved in 80% 
of overdose fatalities, with fentanyl specifically involved 
in 71%. Outside of opioids, the most common substances 
contributing to cause of death were cocaine (56%), alcohol 
(24%), antidepressants (13%), and benzodiazepines (12%).

From 2022 to 2024, overdose fatalities decreased 24.5% 
from 436 to 329. The distribution of decedents sex, race and 
ethnicity, and overdose location were similar from 2022 to 
2024. The number of overdose fatalities increased among 
individuals aged 55–64, from 78 deaths in 2023 to 90 in 

Decedent 

Demographic

Overall

N=1,169

n (%)

2022

N=436 

n (%)

2023

N=404 

n (%)

2024

N=329 

n (%)

p-value1

Sex2

Male 825 (71) 314 (72) 280 (69) 231 (70) 0.6801

Female 344 (29) 122 (28) 124 (31) 98 (30)

Age Category

Less than 25 46 (4) 23 (5) 16 (4) 7 (2) 0.0326

25–34 205 (18) 92 (21) 68 (17) 45 (14)

35–44 298 (25) 106 (24) 113 (28) 79 (24)

45–54 273 (23) 95 (22) 96 (24) 82 (25)

55–64 259 (22) 91 (21) 78 (19) 90 (27)

65+ 88 (8) 29 (7) 33 (8) 26 (8)

Race/Ethnicity

Non-Hispanic, 

Black

110 (9) 41 (9) 36 (9) 33 (10) 0.6899

Hispanic  

or Latino

198 (17) 79 (18) 66 (16) 53 (16)

Non-Hispanic, 

White

841 (72) 305 (70) 297 (74) 239 (73)

Non-Hispanic, 

Other/

Unknown Race

20 (2) 11 (3) 5 (1) <5

Table 1. Demographic characteristics of individuals who died of an acci-

dental overdose in Rhode Island: January 1, 2022–December 31, 2024.

Source: Office of State Medical Examiners. 1Chi-square test. 2Transgender males 

are categorized as male. Transgender females are categorized as female.
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linear relationship with 100% of deaths among individuals 
<25 involving opioids, dropping to 84% among individuals 
25–34, 77% among 35-44, 68% among 45–54, 61% among 
55–64, and 42% among 65+. In contrast, stimulant-involved 
deaths occurred in ~65% of deaths among all age groups. Of 
note, 74% of cocaine-involved deaths also involved fentanyl 
in 2022, which dropped to 59% in 2024.

When stratifying substances contributing to cause of 
death by race and ethnicity for 2024, cocaine-involved fatal 
overdoses were more common among non-Hispanic Black 
individuals (85%), when compared to Hispanic or Latino 
(53%) or Non-Hispanic White (58%) decedents. All other 
substances contributing to death showed relatively similar 
distributions by race and ethnicity.

When adjusting for the underlying population and looking 
at trends over time, overdose fatalities decreased among all 
racial and ethnic groups from 2022 to 2024, with the high-
est fatal overdose rate in 2024 among non-Hispanic Black 
(42.7 per 100,000) followed by non-Hispanic White (28.5 
per 100,000) and Hispanic or Latino individuals (24.3 per 
100,000; Figure 1).

Figure 1. Rate of accidental overdose deaths among Rhode Island 

residents, by decedent race and ethnicity: January 1, 2022–December 

31, 2024.

Overdose 

Circumstances 

Overall

N=1,169

n (%)

2022

N=436 

n (%)

2023

N=404 

n (%)

2024

N=329 

n (%)

p-value1

Drug Type

Illicit Only 704 (60) 282 (65) 257 (64) 165 (51) <0.0001±

Prescription 

Only

125 (11) 43 (10) 33 (8) 49 (15)

Combination 333 (28) 109 (25) 112 (28) 112 (34)

Unknown/

Missing

7 (1) <5 <5 <5

Substances Contributing to Death

Any Opioid 931 (80) 358 (82) 345 (85) 228 (69) <0.0001

Fentanyl 826 (71) 323 (74) 314 (78) 189 (57) <0.0001

Alcohol 276 (24) 110 (25) 77 (19) 89 (27) 0.0243

Any Stimulant 711 (61) 242 (56) 252 (62) 217 (66) 0.0099

Cocaine 652 (56) 219 (50) 234 (58) 199 (61) 0.0103

Amphetamines 128 (11) 42 (10) 47 (12) 39 (12) 0.5366

Antidepressants 147 (13) 42 (10) 49 (12) 56 (17) 0.0090

Antipsychotics 58 (5) 18 (4) 15 (4) 25 (8) 0.0329

Over the 

Counter 

48 (4) 18 (4) 13 (3) 17 (5) 0.4167

Buprenorphine 31 (3) 11 (3) 10 (2) 10 (3) 0.8744

Methadone 113 (10) 37 (8) 37 (9) 39 (12) 0.2701

Benzodiazepines 144 (12) 47 (11) 49 (12) 48 (15) 0.2808

Overdose Location2

Private 812 (69) 302 (69) 284 (70) 226 (69) 0.8843

Semi-Private 61 (5) 23 (5) 23 (6) 15 (5)

Public 101 (9) 37 (8) 30 (7) 34 (10)

Unknown/

Missing

195 (17) 74 (17) 67 (17) 54 (16)

Table 2. Substances that contributed to cause of death for individuals 

who died of an accidental overdose in Rhode Island: January 1, 2022–

December 31, 2024.

Source: Office of State Medical Examiners. 1Chi-square test. 2Private included 

apartment or residence, semi-public included hotel, motel, shelter, nursing home, 

hospital, prison, group home, assisted living, or treatment facility, while public 

included theater, concert, show, office, park, school, bar/restaurant, roadway, or 

cemetery.  ±Fishers exact test.

2024, and now represents the age group with the highest 
proportion of overdose fatalities (27%) in RI and the only age 
group to show an increase in deaths over this time frame. 
The proportion of deaths involving opioids dramatically 
declined from 85% in 2023 to 69% in 2024, while the pro-
portion of deaths involving cocaine continued to increase 
from 58% to 61%. In 2024, 49% of overdose deaths had at 
least one prescription medication contributing to the cause 
of death, with 15% solely attributed to prescription medi-
cation, and 34% involving a combination of prescribed and 
illicit substances.   

When looking at substances contributing to cause of death 
by age for 2024, opioid-involved deaths exhibited a near 

Source: Office of State Medical Examiners. Note: Population denominator based 

on CDC WONDER single-race population estimates for each year accessed June 2, 

2025; 2023 estimate applied for 2024 rates.

DISCUSSION

In 2024, RI experienced its second consecutive annual 
decrease in overdose deaths, with a 24.5% overall reduction 
in overdose mortality from 2022 to 2024, and a 36.3% reduc-
tion in opioid overdose deaths specifically. Encouragingly, 
the rate of overdose deaths decreased among all race and 
ethnicity groups; however, disparities remain, and non-His-
panic Black individuals still experience the highest burden 
of overdose deaths. Despite these promising trends, some 
changes in the overdose epidemic are concerning and may 
warrant changes in the prevention response. First, deaths 
among individuals aged 55 to 64 increased from 2023 to 
2024, the only age group to do so. Second, the proportion of 
fatal overdoses that do not involve opioids has grown from 
15% in 2023 to 31% in 2024, and for the first time since 
2013 cocaine is responsible for more overdose deaths than 
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fentanyl. Finally, prescribed medications now play a role  
in 49% in overdose deaths, an increase from 36% in 2023. 

These trends in RI mirror observed changes nationally 
with a 26.8% decrease in overdose fatalities from 2022 to 
2024, and a 34.2% decrease in opioid overdose deaths spe-
cifically.4 Broader trends observed in RI, including a higher 
number of deaths among individuals 55–64 and an increased 
percentage of overdoses involving cocaine are seen in other 
neighboring states, including Connecticut.5

Considering the growing proportion of overdoses involving 
stimulants and prescription medications, and the increase 
among older individuals, prevention activities may need to 
be reassessed and shifted to address the changing epidemic. 
To prevent stimulant overdose fatalities, prevention activ-
ities might involve increasing: public education about the 
signs and symptoms of stimulant overamping (a stimulant 
overdose) [see sidebar], awareness of comorbid conditions 
that elevate an individual’s risk of experiencing symptoms 
when using stimulants, knowledge on how to respond to 
someone overamping, and treatment opportunities available 

for individuals who use stimulants.6 To reach older adults, 
future work could explore new ways of reaching this pop-
ulation with messages more tailored to prevent, recognize, 
and respond to overdoses that often do not involve opioids. 
Future work should further investigate the growing role 
of prescribed medication in fatal overdoses both to ensure 
patients are not recipients of high-risk prescribing and to 
potentially better identify intervention and screening touch 
points that may be available when individuals at high risk of 
overdose are interacting with the healthcare system.

Although we are unable to show the specific factors attrib-
utable to the decrease in Rhode Island’s overdose deaths for 
the last two years, it is likely due to several data-driven ini-
tiatives including: the large scale, statewide distribution of 
naloxone, increased focus on addressing social determinants 
of health and health disparities among RI communities, 
ongoing efforts to link individuals to care, and extensive 
media campaigns to increase Rhode Islanders’ awareness 
of the ever-changing drug supply, harm reduction practices, 
and de-stigmatization of substance use. Additionally, these 
reductions would likely not have occurred without the tire-
less work of RI’s community-based organizations and their 
dedicated staff with lived experience, healthcare profession-
als, municipalities, and government organizations aligned 
in a commitment to meet individuals where they are and 
provide free treatment/recovery options, harm reduction 
supplies, education, and basic needs services to individuals 
at risk of an overdose. 
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Overamping: Signs & Symptoms

Overamping, or a stimulant overdose, occurs when someone 

is experiencing effects of a stimulant so severe that their 

health or safety may be at risk. 

Because the effects stimulants have can vary based on 

the type of stimulant used, dose, how the stimulant was 

consumed, and any underlying physical or mental health 

issues, overamping can look different for different people. 

Overamping can cause a variety of physical or psychological 

symptoms that can lead to overheating, stroke, seizure, heart 

attack, or a mental health crisis, including:

•	 Nausea or vomiting

•	 High temperature/sweating profusely

•	 Lots of sweating

•	 Headache

•	 Dizziness

•	 Confusion

•	 Fast heart rate

•	 Chest pain or discomfort

•	 Shortness of breath

•	 Feeling weak, light-headed, or faint

•	 Sudden numbness or weakness in arms or legs  

 (especially on one side of the body)

•	 Sudden severe headache

•	 Sudden confusion, trouble speaking or difficulty  

 understanding speech

•	 Shaking or convulsions

•	 Loss of consciousness

•	 Depression

•	 Agitation

•	 Paranoia

•	 Fear

•	 Anxiety

•	 Hallucinations
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(a) Cause of death statistics were derived from the underlying cause of death reported by physicians on death certificates.

(b) Rates per 100,000 estimated population of 1,097,379 for 2020 (www.census.gov)    

(c) Years of Potential Life Lost (YPLL).

NOTE: Totals represent vital events, which occurred in Rhode Island for the reporting periods listed above.  

Monthly provisional totals should be analyzed with caution because the numbers may be small and subject to seasonal variation.

Rhode Island Monthly Vital Statistics Report 

Provisional Occurrence Data from the Division of Vital Records

PUBLIC HEALTHVITAL STATISTICS 

JEROME M. LARKIN, MD  

DIRECTOR, RHODE ISLAND DEPARTMENT OF HEALTH 

COMPILED BY ZUHEIL AMORESE, DEPUTY STATE REGISTRAR

REPORTING PERIOD

VITAL EVENTS

SEPTEMBER 2024 12 MONTHS ENDING WITH SEPTEMBER 2024

Number Number Rates

Live Births 863 10,897 10.3*

Deaths 954 10,663 10.1*

 Infant Deaths 8 41 3.8#

 Neonatal Deaths 6 30 2.8#

Marriages 493 6,716 6.3*

Divorces 224 2,546 2.4*

* Rates per 1,000 estimated population

# Rates per 1,000 live births

REPORTING PERIOD

Underlying Cause of Death Category

MARCH 2024 12 MONTHS ENDING WITH MARCH 2024

Number (a) Number (a) Rates (b) YPLL (c)

Diseases of the Heart 211 2,388 217.6 3,007.5

Malignant Neoplasms 179 2,209 201.3 4,456.5

Cerebrovascular Disease 47 442 40.3 599.5

Injuries (Accident/Suicide/Homicide) 76 959 87.4 11,185.5

COPD 30 459 41.8 410.0
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Turning the Tide: United States 
Volunteer Life Saving Corps  
in Rhode Island in the 1900s  
MARY KORR 

RIMJ MANAGING EDITOR

In 1929, DR. MANCEL W. TALCOTT, Superintendent of 
the United States Volunteer Life Saving Corps (USVLSC), 
Rhode Island Department, comprised of over 200 members, 
presented its 24th annual report to the General Assembly. 

He described the Corps, a 
supplement to the federal 
U.S. Life Saving Service, 
as “a humane organization 
whose 2,000 members vol-
untarily patrol beaches and 
dangerous places because 
they are interested in this 
work of saving human life. 
Every member is an expert 
swimmer and has to pass a 
rigid examination of rescu-
ing a person from drown-
ing, resuscitation, and First 
Aid.” [See Figures 1–3.] 

Funding by the State 
amounted to about $4,000 
per year, spent on the pur-
chase of new surf boats and 
life buoys, and for medicine 
and First Aid supplies at 
the Corps’ stations, locat-
ed throughout the state’s 

“dangerous bathing beaches and watering places.” [See Figure 4.] 
Appropriated salaries were for two men known as quarter-
masters, who spent their entire time “inspecting, replacing,  
repairing, painting and splicing, 
and all the small detail work,” 
to maintain the boats, stations, 
and equipment. The report gave 
the statistics for the prior year:

•	 115 rescues, 37 of which 
required resuscitation 

•	 1,100 life buoys and lines  
at most of the dangerous 
places in Rhode Island

•	 425 medicine chests;  
over 6,500 people assisted  
by these chests

Rescue/First Aid Demonstrations

Seasonal demonstrations were given in Rhode Island and oth-
er states with USVLSC divisions. The Corps also taught rescue 
and resuscitation methods to the Boy Scouts, at the YMCA, and 
at summer and church camps. The report stated that in 1928 
over 50,000 people watched members “demonstrate the safest 
methods of rescue, including how to break away from a drown-
ing man’s death grip,” and the best method of resuscitation, 
called the Schafer or prone-pressure method. 

It was the standard method of artificial respiration, preceding 
mouth-to-mouth resuscitation in mid-century America. Intro-
duced in 1903 by English physiologist SIR EDWARD ALBERT 

SHARPEY-SCHAFER, it involved placing the patient or drown-
ing victim on his stomach and applying pressure to the lower 
part of the ribs [See Figure 5].

Boy Directs Resuscitation after Doctor Declares Man Dead

One rescue story stands out in the 1929 annual report – that of 
a boy who challenged a physician on the beach. As Dr. Talcott  
recounted it: “ ‘He is dead, now run along and get out of the 

way.’ That is what a doctor said on one of the Rhode is Island 
beaches when a small boy asked if this doctor was not going to 
work more on a drowning victim. The boy, kidlike, was inquis-
itive and wanted to know why a man who had been brought 
ashore from the surf within fifteen minutes from the time he 
had gone underwater could not be revived. 

“The doctor, on the 
other hand, who had 
probably had very little 
experience in resusci-
tation from drowning, 
thought that there was 
no possible hope of  
resuscitating this man, 
and so declared the case  
hopeless. 

Figure 1. The third annual report of 

the United States Volunteer Life Saving 

Corps (USVLSC), Rhode Island, in 1908, 

features the group’s insignia.

Figure 2. USVLSC boat, child sitting inside, and lifeguard at a Rhode Island  

beach in 1927.

Figure 3. Rescue crew 

returning from a practice 

drill in 1927.
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“The boy, when he found out positively that the doctor  was 
not going to do anything more, turned to two women and asked 
them if they would work on the drowned man. He told them 
what to do, because, as the kid said, he was not strong enough 
to do it alone. The boy told these two women how to lift the 
drowned man with their hands under his stomach and how to 
place him over their knee, and then he told them to hit hard 
between the two shoulders so as to get the water out of his 
air passages. And when they did this, the first thing that 
happened was he threw a large wad of chewing gum, which 
had got stuck in his  throat, right out on the sand.

“They then  laid him on the beach and the lad explained 
to them how to straddle the apparently drowned man and 
how to lift on the lower ribs and pressing in and then press-
ing downward and forward to work successfully the Schae-
fer resuscitation. And after a little over a half hour’s work, 
this drowned man, who had been pronounced dead by a 
physician, showed definite signs of life and within a very 
short time after that was starting to breathe with regular-
ity…the man was brought absolutely around safely and is 
alive today.”

Dr. Talcott, in an aside, related that “in a demonstration 
[of the Schaefer method] which I was requested to give be-
fore over one thousand physicians and surgeons, a doctor 
came to me and said, ‘If had only known what you were 
demonstrating ten years ago, I would have had a wife and 
three children alive today.’”

Rescue Medals Awarded

Dr. Talcott highlighted medals awarded by the 
Corps, “which are only given to the exceptional res-
cues.” In 1928, at the West Elmwood Club House, 
medals were presented by Mayor JAMES DUNNE 
of Providence. 

One was awarded to ROBERT MCADAMS, 13, 
who rescued a boy, James Rose. “Young McAdams 
was playing on the shore when somebody called to 
him that a boy was drowning. He ran up the shore 
and without stopping to take off any of his clothing, 
he dove in, but as he got to the boy, the boy grabbed 
him around the neck [the death grip] and, after giv-
ing him a very hard struggle, young McAdams broke 
away from him and then towed him to the shore.” 

Five men were also given medals for rescuing three 
boys who had fallen through the ice in mid-winter 
at Mashapaug Pond. Dr. Talcott described is as “one 
of the most dangerous rescues that had been made 

around the city of Providence in a good many years. There was 
no boat or any life-saving apparatus, and it was only after the 
most heartbreaking struggle and after all the men making the 
rescue had themselves gone under the ice several times, that the 
boys were finally brought to shore.”

The Corps volunteers of all ages were truly heroes who turned 
the tide for drowning victims and their families. v

Figure 4. Many accidents occurred at the canoe places, the report stated.

[SOURCE OF FIGURES 1–4: SECRETARY OF STATE, RI ,  DIGITAL STATE ARCHIVES]

Figure 5. Wilbert E. Longfellow of Rhode Island, a leader in the USVLSC and 

later the Red Cross, demonstrating how to revive a near drowned person in 

1919, using the Schaefer method of resuscitation. [LIBRARY OF CONGRESS]

For the above mentioned annual reports, visit: 

https://catalog.sos.ri.gov/agents/corporate_entities/333

https://sosri.access.preservica.com/uncategorized/SO_b8e9a071-ac7e-46d2-ad17-3ae8bd922f1f/
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IN THE NEWS

Scientists develop high-performance MRI scanner in 

effort to define microscopic brain structures

BETHESDA, MD — A scientific team sup-
ported in part by the National Institutes 
of Health (NIH) has developed a new, ul-
tra-high-resolution brain imaging system 
that can reconstruct microscopic brain 
structures that are disrupted in neurolog-
ical and neuropsychiatric brain disorders. 
The new system is a significant advance 
over conventional magnetic resonance 
imaging (MRI) scanners that cannot visu-
alize these tiny but clinically important 
structures.

The system, called the Connectome 
2.0 human MRI scanner, overcomes a sig-
nificant hurdle for neuroscientists: being 
able to bridge different brain regions and 
probe tiny structures necessary to define 
the “connectome,” the complex matrix 
of structural connections between nodes 
in the nervous system, and to do it nonin-
vasively in living humans.

“This research is a transformative leap 
in brain imaging – pushing the boundaries 
of what we can see and understand about 
the living human brain at a cellular lev-
el,” said JOHN NGAI, PhD, Director of 
NIH’s Brain Research Through Advanc-
ing Innovative Neurotechnologies® Ini-
tiative, or The BRAIN Initiative®. “The 
new scanner lays essential groundwork 
for the BRAIN CONNECTS program’s 
ultimate goal of developing a wiring  
diagram for the human brain.”

The scanner is innovative in two major 
ways: it fits snugly around the heads of 
living people, and it has many more chan-
nels than typical MRI systems. These 

advances greatly increase the 
signal-to-noise ratio of the sys-
tem, providing much sharper 
images of very small biological 
brain structures than previous-
ly possible. These technical 
upgrades will enable scientists 
to map human brain fibers and 
cellular architecture down to 
nearly single-micron precision 
to study how subtle changes 
in cells and connections relate 
to cognition, behavior, and 
disease.

In addition, the team showed 
that the scanner was safe in 
healthy research volunteers, 
revealing subtle microstructur-
al differences (individual axon 
diameter or cell size) between 
individual brains. Before this 
new system, this was only fea-
sible in postmortem or animal studies.

“Our goal was to build an imaging 
platform that could truly span scales – 
from cells to circuits,” said senior author 
SUSIE HUANG, MD, PhD, of the De-
partment of Radiology at Mass General 
Hospital. “It provides researchers and cli-
nicians with a powerful new tool to study 
brain architecture in health and disease, 
in real time.”

The research was funded in part by The 
BRAIN Initiative®. It supports the BRAIN 
Initiative Connectivity Across Scales 
(BRAIN CONNECTS) program, which 
aims to develop the research capacity and 

Close-ups of the midline sagittal view for Connectome 2.0 

(left) and Connectome 1.0 (right) protocols, showing dien-

cephalic and brainstem pathways. Tractography results are 

shown superimposed onto the underlying fibre orientation 

distribution functions. [IMAGE BY CHIARA MAFFEI,  PhD]

technical capabilities to generate wir-
ing diagrams that can span entire brains 
across multiple scales. The findings were 
reported July 16 in Nature Biomedical 
Engineering.1 v
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AMA, 79 medical societies back 

vaccination against respiratory viruses

CHICAGO — With respiratory viruses expected to surge this 
fall, the American Medical Association (AMA) and 79 lead-
ing medical societies, including the Rhode Island Medical 
Society, reaffirm their support for vaccination as the best 
way to protect against the flu, COVID-19, and RSV and 
their potentially serious complications. The organizations 
call on partners – insurers, hospitals, and public health 
agencies – to ensure these life-saving vaccines remain 
available to patients without cost sharing.

The open letter from the American Medical Association 
and medical society partners is available here.

The full text is below:

An open letter to the American people:

With the severe influenza season the U.S. experienced 
during the 2024–25 respiratory virus season, and the recog-
nition that we will likely see another surge in respiratory 
viruses this fall, we know strong physician leadership is 
essential to reducing preventable illness, hospitalizations, 
and death. Vaccines for influenza, RSV, and COVID-19 re-
main among the best tools to protect the public against 
these illnesses and their potentially serious complications 
– and physicians are among the most trusted voices to 
recommend them. We come together as physicians from 
every corner of medicine to reaffirm our commitment to 
these lifesaving vaccines.

Recent changes to federal immunization review pro-
cesses raised concerns across the medical and public 
health community. In this moment of uncertainty, phy-
sicians must align around clear, evidence-based guidance 
for patients.

We commit to working together to promote public un-
derstanding and confidence in the use of vaccines to avoid 
another severe respiratory virus season and resurgence of 
vaccine-preventable illnesses and deaths. We call on our 
partners – from insurers to hospitals to public health agen-
cies – to ensure vaccines remain available to patients with-
out cost sharing.

The health and safety of the public remains our top 
priority, and we will continue to support evidence-based 
immunizations to help prevent severe disease and protect 
public health. v

Leading medical professional societies sue 

HHS for unlawful, unilateral vaccine changes

BOSTON — On July 7th, the American Academy of Pediatrics 
(AAP), American College of Physicians (ACP), American Public 
Health Association (APHA), Infectious Diseases Society of Ameri-
ca (IDSA), Massachusetts Public Health Alliance (MPHA), Society 
for Maternal-Fetal Medicine (SMFM), and a pregnant physician, 
filed suit in American Academy of Pediatrics v. Robert F. Kennedy, 
Jr. in the U.S. District Court for the District of Massachusetts to 
defend vaccine policy.

The lawsuit charges that a coordinated set of actions by HHS 
and Secretary Kennedy were designed to mislead, confuse, and 
gradually desensitize the public to anti-vaccine and anti-science 
rhetoric, and that he has routinely flouted federal procedural 
rules. These actions include blocking CDC communications, un-
explained cancellations of vaccine panel meetings at the FDA and 
CDC, announcing studies to investigate non-existent links be-
tween vaccines and autism, unilaterally overriding immunization 
recommendations, and replacing the diverse members of ACIP 
with a slate of individuals biased against sound vaccine facts. 

The anonymous individual plaintiff in the lawsuit is a preg-
nant woman who is at immediate risk for being unable to get the 
Covid-19 vaccine booster because of the Secretarial Directive, 
despite her high risk for exposure to infectious diseases from  
working as a physician at a hospital.

“This administration is an existential threat to vaccination in 
America, and those in charge are only just getting started. If left 
unchecked, Secretary Kennedy will accomplish his goal of rid-
ding the United States of vaccines, which would unleash a wave 
of preventable harm on our nation’s children,” said RICHARD H. 

HUGHES IV, partner at Epstein Becker Green and lead counsel 
for the plaintiffs. “The professional associations for pediatricians, 
internal medicine physicians, infectious disease physicians, high-
risk pregnancy physicians, and public health professionals will 
not stand idly by as our system of prevention is dismantled. This  
ends now.”

The plaintiff organizations urge parents and patients to follow 
their qualified medical professionals’ vaccine guidance. AAP, 
ACP, APHA, IDSA, and SMFM websites provide evidence-based 
resources to help patients make decisions grounded in facts, not 
fear. v

IN THE NEWS
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W.M. Keck Foundation awards $1.3M 

grant to Christopher Moore, PhD,  

to study how brain blood vessels  

relay real-time signals across the 

blood-brain barrier (BBD)

LOS ANGELES, CA — In June 2025, the W.M. Keck Foun-
dation’s Board of Directors awarded grants to 17 organiza-
tions, totaling $19.6 million. Eleven grants were awarded 
in the Research Program, totaling $12.8 million. 

A $1.3 million grant from the Foundation was awarded 
to Brown University for a research study led by CHRISTO-

PHER MOORE, PhD, associate director of the Carney In-
stitute for Brain Science. It will fund research on how brain 
blood vessels relay real-time signals across the blood-brain 
barrier (BBD) directly to the brain. Dr. Moore’s research 
team has found that blood vessels send signals through 
“plume events” that allow flashes of permeability across 
the BBD. 

The abstract for the grant reads as follows:

Discovery of dynamic processes that enable  

rapid and focal brain-body communication

The brain evolved to meet challenging biological needs, with the 

mammalian forebrain integrating lifelong experience, ongoing 

sensations, and future predictions. This powerful computation 

relies on the quality of body information received at moments of 

choice and learning. Brain vasculature contains a rich supply of 

such body signals, delivered in their native chemical format, but 

researchers view this pathway as sluggish and diffuse, unsuited to  

real-time behavior due to the blood-brain barrier (BBB). 

The recent discovery of Plume Events – rapid, local increases 

in BBB permeability timed to relevant behavioral events – suggest  

a dynamic solution for forebrain computation: brief vascular ac-

cess when the risk is worth the information value. An investigator  

at Brown University and several of his collaborators will test key 

predictions, such as whether transient electro-calcium ‘spikes’ 

in vessels trigger these events, if Plume Events deliver impactful 

bio-active signals such as oxytocin, and if they are expressed across 

the forebrain. 

The collaborative team, bringing diverse computational and 

biological expertise, will also create a broader community for in-

sight through colloquia and retreats focused on understanding this  

new discovery.

Abstracts for all of this cycle’s Keck research grants  
are available here: https://www.wmkeck.org/our-focus- 
research/#focus-abstracts-research  v

IN THE NEWS

AMA deeply concerned by  

eported USPSTF changes

Letter to HHS secretary urges retaining  

previously appointed Task Force members

CHICAGO – The American Medical Association (AMA) ex-
pressed “deep concern” directly to U.S. Health and Human 
Services Secretary ROBERT F. KENNEDY about news reports 
that he intends to remove all members of the U.S. Preventive 
Services Task Force (USPSTF). 

“USPSTF plays a critical, non-partisan role in guiding phy-
sicians’ efforts to prevent disease and improve the health of 
patients by helping to ensure access to evidence-based clinical 
preventive services,” the AMA said in its letter. “As such, we 
urge you to retain the previously appointed members of the 
USPSTF and commit to the long-standing process of regular 
meetings to ensure their important work can continue without 
interruption.”

The full text of the letter is below.

Dear Secretary Kennedy,

On behalf of the physician and medical student members of the Ameri-

can Medical Association (AMA), I am writing to express our deep concern 

with the recent reports of your intention to remove all of the members 

of the United States Preventive Services Task Force (USPSTF). As you 

know, USPSTF plays a critical, non-partisan role in guiding physicians’ 

efforts to prevent disease and improve the health of patients by helping 

to ensure access to evidence-based clinical preventive services. As such, 

we urge you to retain the previously appointed members of the USPSTF 

and commit to the long-standing process of regular meetings to ensure 

their important work can continue without interruption. 

The USPSTF has long played an essential role in making evidence-based 

recommendations for clinical prevention of disease. USPSTF members 

have been selected through an open, public nomination process and 

are nationally recognized experts in primary care, prevention and evi-

dence-based medicine. They serve on a volunteer basis, dedicating their 

time to help reduce disease and improve the health of all Americans—a 

mission well-aligned with the Make America Healthy Again initiative. 

Importantly, the USPSTF puts forth recommendations that dictate 

coverage policy for health insurers nationwide. By law, insurers must 

cover USPSTF-recommended services without cost sharing. This means 

that patients have access to services such as screenings for colon, breast, 

and lung cancer; screenings for anxiety and depression in children; and 

screenings and preventive services for cardiovascular disease. Access to 

these services without cost sharing plays a critical role in keeping patients 

healthy and reducing the burdens of disease. 

The most important role physicians play is improving the health of 

patients. Given the essential role USPSTF members play in weighing the 

benefits and harms of preventive services such as screenings, behavior-

al counseling, and preventive medications, and making evidence-based 

recommendations for implementation in primary care settings, we urge 

you to keep the previously appointed USPSTF members and continue the 

task force’s regular meeting schedule to ensure recommendations are put 

forth, updated, and disseminated without delay. v
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U.S. POINTER Alzheimer study results released

PROVIDENCE — Butler Hospital’s Memory and Aging Program (MAP) is 
proud to share the results of the US Study to Protect Brain Health Through 
Lifestyle Intervention to Reduce Risk (U.S. POINTER). The New England 
Rhode Island site, based at Butler and Miriam Hospitals, is one of five 
sites that participated in the Alzheimer’s Association study, which was 
a landmark, two-year clinical trial designed to evaluate whether healthy 
lifestyle changes can protect memory and other thinking abilities in  
older adults. 

“We are opening a new era in 
promoting brain health, and it 
is encouraging that this study 
proves and gives further evi-
dence that focused lifestyle in-
tervention with exercise, diet, 
brain training, and heart health 
can improve memory,” said 
STEPHEN SALLOWAY, MD, 
Principal Investigator, New 
England RI site of U.S. POINT-
ER, and Founding Director, 
Memory and Aging Program at 
Butler Hospital. 

Butler Hospital’s MAP re-
cruited 376 participants and 
now has over 250 participants 
in the U.S. POINTER Alumni 
extension, which is another 
four years of collecting more 

data on participants and their lifestyles. These participants are all local 
– within New England – RI, MA, and CT. 

The U.S. POINTER study has been the largest participant research 
trial in Memory and Aging history.

From the Alzheimer’s Association  

International Conference 2025 

The U.S. POINTER study shows structured lifestyle program target-
ing multiple risk factors improves cognition in older adults at risk of  
cognitive decline. 

Key Takeaways 

•	 Two lifestyle interventions in U.S. POINTER improved cognition in 
older adults at risk of cognitive decline. A structured intervention 
with more support and accountability showed greater improvement 
compared to a self-guided intervention. 

•	 In a large, representative group of older adults at high risk for cognitive 
decline, multidomain lifestyle interventions were delivered with high 
adherence and safety.

•	 Cognitive benefits were consistent across age, sex, ethnicity, heart 
health status, and apolipoprotein E-e4 genotype.

Full Alzheimer’s Association Press Release: https://aaic.alz.org/down-
loads2025/USPOINTERALZNewsRelease.pdf v

PHYSICAL EXERCISE
30–35 minutes of moderate-to-intense 

aerobic activity four times a week, plus 
strength and flexibility exercises 
twice a week. 

COGNITIVE 
EXERCISE

Computer-based brain 
training program three 
times a week for 30 
minutes, plus regular 

engagement in other 
intellectually challenging 

and social activities.

NUTRITION
Adherence to the MIND 

diet, which emphasizes dark leafy 
greens, berries, nuts, whole grains, olive 

oil and fish, and limits sugar and 
unhealthy fats.

HEALTH 
MONITORING

Regular check-ins on 
blood pressure, weight 

and lab results.

U.S. POINTER Results Show That Healthy Behaviors 
Have a Powerful Impact on Brain Health
This two-year clinical trial found that simultaneously targeting risk factors for cognitive decline – including regular 
physical activity, a brain-healthy diet, cognitive and social engagement and health monitoring – can improve brain 
function in older adults. While the cognitive health of all participants in U.S. POINTER improved, the group* that 
followed a more structured program improved even more, helping to protect thinking and memory from the normal 
decline that often comes with aging over the two-year period of the study. These results provide powerful, 
actionable guidance for promoting brain health in aging populations. 

Learn more at alz.org/uspointer

*Participants followed either a 
self-guided or structured lifestyle 
program. The two interventions both 
focused on the same lifestyle domains, but 
differed in structure, accountability and support 
provided.

THE U.S. POINTER 
BRAIN HEALTH 
RECIPE*

Baker LB, Espeland, MA, Whitmer, RA, Snyder et al. Effects of Structured vs Self-Guided Multidomain Lifestyle Interventions 
for Global Cognitive Function: The U.S. POINTER Randomized Clinical Trial. JAMA. 2025.
Baker LB, Espeland, MA, Whitmer, RA, Snyder et al. U.S. POINTER Topline Results. Abstract presentation at the Alzheimer’s 
Association International Conference (AAIC) 2025.

WalletHub finds Rhode Island 

second-best state for health care

MIAMI, FL — With the average American spending 
nearly $14,600 per year on personal health care, the 
personal-finance website WalletHub recently re-
leased its report on 2025’s Best & Worst States for 
Health Care, as well as expert commentary.

In order to determine where Americans receive 
the highest-quality services at the best prices, Wal-
letHub compared the 50 states and the District of 
Columbia across 44 key measures of health care cost, 
accessibility and outcome. The data set ranges from 
the average monthly insurance premium to physi-
cians per capita to the share of insured population.

Rhode Island

Rhode Island is the second-best state for health care, 
and its residents have the lowest out-of-pocket med-
ical spending in the country, at just 5.6% of their 
income. Rhode Island also has a lot of medical pro-
fessionals, with the sixth-most physicians per capita 
and sixth-most geriatricians per capita, so it’s eas-
ier to get seen in a timely manner and get second 
opinions.

In addition, 94% of adults and 97% of children in 
Rhode Island have health insurance, the fourth-high-
est and fifth-highest percentages in the country, 
respectively.

To top things off, Rhode Island residents clearly 
have good access to preventative medical care. The 
Ocean State has the fourth-lowest percentage of peo-
ple without a routine doctor visit in the past two 
years and the sixth-lowest share of people who hav-
en’t visited a dentist in the past year. The state also 
has a very high vaccination rate for children, which 
contributes to the 13th-lowest child death rate in 
the nation.

Health Care in Rhode Island (1=Best; 25=Avg.)

Overall Rank: 2nd

	11th	 Avg. Monthly Insurance Premium
	19th	 Hospital Beds per Capita
	 6th	 Physicians per Capita
	 6th	 Dentists per Capita
	 4th	 % of Insured Adults
	 5th	 % of Insured Children
	 4th	 % of At-Risk Adults with No Routine Doctor  
		  Visit in Past Two Years
	 6th	 % of Adults with No Dental Visit in Past Year

For the full report, visit: https://wallethub.com/
edu/states-with-best-health-care/23457

IN THE NEWS
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Appointments

Alexander Harmatz, MD,  

named Chief of the Division  

of Gastroenterology at  

Fatima Hospital

NORTH PROVIDENCE — ALEXANDER HAR-

MATZ, MD, has been named Chief of the 
Division of Gastroenterology at Our Lady of 
Fatima Hospital, it was announced recently 
by WILLIAM J. BELIVEAU, MD, FCCP, 
Chairman of the Department of Medicine.

Board-certified in gastroenterology and internal medicine, Dr. Har-
matz joined CharterCARE in 2018 as a member of the digestive disease 
center at Roger Williams Medical Center. He has been practicing for 
more than 35 years and specializes in the areas of hepatobiliary disease, 
gastroesophageal reflux, pancreatic disease, inflammatory bowel disease, 
colorectal cancer screening, and nutrition.

Dr. Harmatz is a graduate of the Medical College of Georgia and 
completed his residency at Sinai Hospital in Baltimore and fellowship 
at Stanford University in California. He also has a master’s degree in 
chemistry from Emory University. Prior to joining CharterCARE, he 
was an assistant professor of medicine at Drexel University College  
of Medicine. v

Kent Hospital President 

Paari Gopalakrishnan, MD,  

MBA, to lead Baltimore 

Health System

PROVIDENCE — Care New England 
Health System (CNE) recently 
announced that PAARI GOPAL-

AKRISHNAN, MD, MBA, Presi-
dent and Chief Operating Officer 
of Kent Hospital, has accepted 

the position of President and Chief Executive Offi-
cer at GBMC HealthCare (Greater Baltimore Medi-
cal Center) in Maryland. He will remain with Kent 
Hospital through mid-September to assist with tran-
sition planning as CNE launches a national search for  
his successor.

“While we are saddened to see Dr. Gopalakrishnan 
depart, we are incredibly proud of this well-earned 
next step in his career,” said MICHAEL WAGNER, 

MD, FACP, President and CEO of Care New En-
gland. “Over the past three years, his leadership has  
propelled Kent Hospital to new heights in clinical 
excellence, operational performance, and patient-cen-
tered care.”

During Dr. Gopalakrishnan’s tenure, Kent Hospital 
has earned recognition for excellence in key service 
lines, including Emergency Medicine, Geriatrics, 
and Orthopedic Surgery. He also spearheaded a major 
financial turnaround and led the planning of an up-
coming renovation of the Emergency Department and 
Ambulatory Services building, set to begin this fall.

Dr. Gopalakrishnan joined Kent Hospital in 2009 
as the Director of the Inpatient Medical Group, was 
appointed as Chief Medical Officer in 2018, and was 
appointed President and COO in 2022. In addition to 
his leadership at Kent, he has played an integral role 
on the executive team at Care New England, contrib-
uting to strategic initiatives across the health system.

“Serving the patients, staff, and community at Kent 
Hospital has been one of the greatest privileges of my 
career,” said Dr. Gopalakrishnan. “I’m grateful for 
the talented and dedicated team I’ve had the honor to 
work alongside, and I leave confident that Kent’s best 
days lie ahead.”

Care New England will share updates regarding in-
terim leadership and the national search process in 
the coming weeks. v

Tenny Thomas, MD, FACEP, MHL,  

named President and Chief 

Medical Officer of Newport 

Hospital

NEWPORT — TENNY THOMAS, MD, FACEP, 

MHL, has been named Newport Hospital’s 
president and chief medical officer (CMO), 
which became effective July 14, 2025.

Dr. Thomas joins Newport Hospital from 
Beth Israel Deaconess Hospital-Plymouth 

where he had served as chief medical officer since 2018.
“Dr. Thomas is an impressive leader and his passion for advancing 

healthcare quality and improving patient outcomes will be an asset to 
Newport Hospital and Brown University Health,” said SARAH FROST, 
Chief of Hospital Operations for Brown University Health. “I look for-
ward to partnering with Dr. Thomas to amplify the award-winning care 
and services that Newport Hospital proudly provides to our community.” 

In his previous roles, Dr. Thomas was instrumental in enhancing oper-
ational efficiencies, developing new service lines, and leading successful 
initiatives in physician wellness and telemedicine services. Dr. Thomas 
has served as CMO at Good Samaritan Medical Center and chief of the 
emergency department at Morton Hospital. 

Dr. Thomas completed his medical degree at the College of Medicine, 
Sultan Qaboos University in Oman, and did his residency in Emergen-
cy Medicine at George Washington University Hospital. He received a 
master’s in health care leadership from Brown University. Dr. Thomas 
is an adjunct faculty member at the School of Public Health at Brown 
University, is board-certified in Emergency Medicine and is a Fellow of 
the American College of Emergency Physicians. v
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Appointments

Returning Home: University Orthopedics welcomes native Rhode Islander 

Nicholas Lemme, MD, to The Sports Medicine Center

EAST PROVIDENCE — University  
Orthopedics recently announced 
the addition of Rhode Island native 
NICHOLAS LEMME, MD, to its re-
nowned Sports Medicine Center.

Dr. Lemme is fellowship-trained 
in both orthopedic sports medicine 
and orthopedic trauma, and treats 

patients ages 10 and up, including recreational and competitive 
athletes, laborers, weekend warriors, and those seeking surgi-
cal revision or second opinions. His practice emphasizes both 
surgical and non-surgical treatment of musculoskeletal injuries, 
with a particular focus on the shoulder, knee, and elbow.

“Dr. Lemme’s dual expertise in sports medicine and orthope-
dic trauma makes him an outstanding addition to our team. His 
clinical skill, commitment to patient-centered care, and drive 
for excellent outcomes ensure our patients receive world-class, 
individualized treatment,” said Dr. Edward Akelman, President 
of University Orthopedics. “We are proud to welcome a surgeon 
of his caliber back to Rhode Island and into the UOI family.” 

Education & Training

Before completing his orthopedic sports medicine fellowship 
at the internationally acclaimed Rush University Medical Cen-
ter in Chicago – widely regarded as one of the top programs in 
the world – Dr. Lemme earned his medical degree, residency 
in orthopedic surgery, and a fellowship in orthopedic trauma at 
The Warren Alpert Medical School of Brown University.

While at Rush, Dr. Lemme served as assistant team physi-
cian for the Chicago White Sox (MLB) and the Chicago Bulls 
(NBA). A proud Rhode Islander, he completed his undergraduate 

studies at the University of Rhode Island and is also a graduate 
of La Salle Academy.

“Returning to Rhode Island to join University Orthopedics is 
incredibly meaningful to me, both personally and professionally,”  
said Dr. Lemme. “This community shaped my education, my 
values, and my passion for orthopedic care. I’m honored to be 
part of a team so deeply committed to clinical excellence, inno-
vation, and patient-centered treatment – and I’m excited to give 
back to the place I’ve always called home.”

Clinical Interests

Dr. Lemme’s clinical focus includes:

•	 Revision ligament reconstruction, particularly in patients 
with failed ACL or multiligament procedures

•	 Joint preservation strategies such as osteotomies, cartilage 
restoration, and meniscal allograft transplantation

•	 Shoulder arthroplasty for active patients with advanced 
shoulder pathology

Research & Academic Involvement

Beyond patient care, Dr. Lemme is deeply engaged in academic 
research and education. He has authored more than 100 peer- 
reviewed publications, podium and poster presentations, and 
book chapters. His work spans sports medicine outcomes, joint 
preservation, biomechanics, and surgical technique innovation.

He currently serves on the Research Committee for the 
American Orthopaedic Society for Sports Medicine (AOSSM) 
and is a peer reviewer for both The American Journal of Sports 
Medicine and Sports Health. v
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ALLISON BRINDLE, MD

With over 20 years of experience 
practicing pediatrics, Dr. Brindle 
specializes in general pediatric pre-
ventative care and care for the in-
fant through adolescence. She has a 
special interest in providing a med-
ical home for children with medical 
complexity. Dr. Brindle is also af-
filiated with several area hospitals, 
including Rhode Island Hospital 

and Hasbro Children’s Hospital. She is an Associate Professor of 
Pediatrics at the Warren Alpert Medical School of Brown Uni-
versity. A member of several professional organizations, includ-
ing the American Academy of Pediatrics, where she previously 
served as President of the Rhode Island Chapter, Dr. Brindle 
received her medical degree from the University of Maryland 
School of Medicine in Baltimore.

LIZ CATUCCI

Liz Catucci is the President and 
CEO of the Northern Rhode Island 
Chamber of Commerce. Catucci is 
responsible for all the internal op-
erations and advocacy efforts and 
is charged with carrying out the  
Chamber’s mission. Prior to this role,  
she served as Director of Marketing 
and Business Development for PKF 
O’Connor Davies, a full-service, 

certified accounting and advisory firm. Ms. Catucci earned her 
Bachelor of Arts degree from Providence College and earned the 
honor of Providence Business News’ “40 under 40” in 2019. v

SMITHFIELD — Neighborhood Health 
Plan of Rhode Island (Neighbor-
hood) recdently announced ALISON 

CROKE, MHA, CEO of Wood River 
Health Services, as the new Chair of 
its Board of Directors and welcomed 
two community leaders to its Board 
of Directors.

With 30 years of experience in 
healthcare, Croke has focused on 
publicly financed health care pro-

grams, including roles in program management, health policy, 
and strategic planning. Prior to joining Wood River Health in 
2018, she served as Vice President of Medicare-Medicaid Inte-
gration at Neighborhood.

Croke succeeds Brenda Dowlatshahi, Chief Operating Officer 
at Tri-County Community Action Agency. “We are grateful to 
Brenda for her stewardship and unwavering dedication during 
her tenure as Board Chair,” said Peter Marino, President and 
CEO of Neighborhood. “Her guidance and commitment to our 
mission have been instrumental in advancing our work to im-
prove the health and well-being of Rhode Islanders. We look to 
Alison to continue to help and grow Neighborhood during these 
challenging times,” he said.

Additionally, Neighborhood added two new members to its 
Board of Directors: Allison Brindle, MD, a board-certified pe-
diatrician and Assistant Professor of Pediatrics at The Warren 
Alpert Medical School at Brown, and Liz Catucci, President 
and CEO of the Northern Rhode Island Chamber of Commerce. 
Both will help shape Neighborhood’s long-term initiatives that 
strive to build a holistic culture of care.

Appointments

Neighborhood Health Plan welcomes new chair, two board members 

NettieRose Cooley, MBA joins Block Island Health Center as its new CEO

BLOCK ISLAND — NETTIEROSE COOLEY, MBA, 
from Warwick, recently joined the Block Island 
Health Center (BIHC) as its Chief Operating Of-
ficer (CEO). A news release from BIHC stated her  
16 years of leadership experience at UnitedHealth-
care, most recently acting as the National Senior 
Director of Value Based Solutions. She also carries 
over four years of experience in pharmaceutical 
sales and over 12 years working in the medical 
practice and hospital sectors.

According to the release, Block Island is spe-
cial to NettieRose, as she spent summers on the 

island as a child. In 2004, she married her hus-
band, Bruce Cooley, at the Spring House and 
they have been summer residents on their boat, 
in Old Harbor, for over 20 years. Starting a cou-
ple of years ago, with the company of their rescue  
dog, Rhody, they have enjoyed spending the quiet 
winter months on the island as well.

“BI has always been considered home in my 
heart,” she said. “It is with great pleasure that I am 
able to work here and give back to the community 
that makes the island the special place that it is.” v
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Samuel M. Mencoff 

named Chair of the 

Board for Brown 

University Health

PROVIDENCE — Brown Uni-
versity Health recently an-
nounced the appointment 
of SAMUEL M. MENCOFF 
as Chair of the Board of Di-
rectors, effective December 

9, 2025. He currently serves as a member of the Brown  
University Health board. 

A Brown University alumnus and seasoned leader 
in business and philanthropy, Mencoff brings decades 
of experience in organizational leadership, governance, 
and health system oversight.

Mencoff, a 1978 graduate of Brown University, former 
Chancelor of the University (2016–2024) and a longtime 
member of the Brown Corporation whose service ended 
on June 30th, is widely recognized for his transforma-
tive contributions to higher education, biomedical re-
search, and community health initiatives. His new role 
at Brown University Health marks a continuation of his 
longstanding commitment to advancing health equity 
and excellence in care across Rhode Island and beyond.

“Sam’s leadership and strategic vision will be instru-
mental as Brown University Health enters a new era of 
growth, innovation, and service,” said JOHN FERNAN-

DEZ, President and CEO of Brown University Health. 
“His deep ties to Brown and his experience at the in-
tersection of business, healthcare, and education make 
him uniquely qualified to guide our system well into  
the future.”

Mencoff is co-founder and former Co-CEO of Madison 
Dearborn Partners, a leading private equity firm based 
in Chicago, and he currently serves as a Senior Advi-
sor to the firm. He also holds leadership positions on 
several national boards, including as a Commissioner of 
the Smithsonian Institution’s National Portrait Gallery, 
Vice Chair of the Art Institute of Chicago, Director of 
the John Carter Brown Library, and is Lead Independent 
Director of Packaging Corporation of America. 

Mencoff succeeds LAWRENCE A. AUBIN, SR., who 
will be stepping down in December, from the role he has 
held since 2015. v

Appointments Recognition

BCBSRI announces nonprofit partners for 2025  

day of service – Blue across Rhode Island

PROVIDENCE — Blue Cross & Blue Shield of Rhode Island (BCBSRI) 
recently announced the nonprofits that will benefit from Blue 
across Rhode Island 2025, the insurer’s signature day of service 
during which hundreds of employees spend the workday volunteer-
ing at community and social service organizations across the state.  

Marking the 14thanniversary of Blue across Rhode Island, this 
year’s theme is “1 Blue 4 RI.” The event will take place on Fri-
day, Sept. 12 and support 14 nonprofits that applied for help with 
their efforts to improve Rhode Islanders’ quality of life. Blue across  
Rhode Island is one of the largest annual volunteer events of its 
kind in the state. 

Participating nonprofits this year were revealed at a spirited kick-
off for Blue across Rhode Island. Team leaders presented details of 
the 2025 volunteer opportunities to their colleagues, who are then 
encouraged to sign up for the project of their choice.  

“Our associates look forward to the kickoff every year to learn 
how they can roll up their sleeves to help improve the health and 
well-being of their neighbors,” said BCBSRI Vice President of Cor-
porate Social Responsibility Carolyn Belisle. “This year’s theme  
‘1 Blue 4 RI,’ represents our 14th year of showing up for our com-
munity-based partners, who work tirelessly year-round to better 
the lives of Rhode Islanders.”

BCBSRI volunteers will support a variety of community-based 
organizations and their projects, including ones that address food, 
housing, dental care, mental wellness, and community recreation. 

The following are the 14 participating organizations that BCBSRI 
employees will support: 

•	 Amenity Aid

•	 Crossroads Rhode Island  

•	 Dorcas International 

•	 Feed RI 

•	 Gotta Have Sole Foundation, Inc.

•	 Higher Ground International

•	 Hope Alzheimer’s Center

•	 NeighborWorks Blackstone River Valley 

•	 Playworks New England 

•	 Rhode Island Oral Health Foundation 

•	 Sleep in Heavenly Peace  

•	 The ELISHA Project 

•	 The Village Common of RI

•	 YMCA of Greater Providence  

Since the launch of Blue across Rhode Island in 2012, BCBSRI 
has supported 80 organizations across the state on more than 140 
projects and associates have logged more than 40,000 volunteer 
hours. These projects have had an impact on the lives of more than 
205,000 Rhode Islanders. v
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Recognition

2025 Worksite Health Awards 

honor 48 Rhode Island-based 

companies

WARWICK — Blue Cross & Blue Shield of 
Rhode Island (BCBSRI) and the Greater 
Providence Chamber of Commerce pre-
sented the 31st annual Worksite Health 
Awards to 48 companies at a celebration 
at the Crowne Plaza July 17th.

The Worksite Health Awards honor  
Rhode Island-based employers that dem- 
onstrate sincere commitment to main-
taining a healthy workplace through 
policy, culture, and educational oppor-
tunities. With some companies having 
locations outside the state and with 
workforces that are hybrid or virtual, the 
awards help showcase employer commit-
ment in Rhode Island and beyond, as well 
as best practices for improving the health 
and well-being of employees. 

This year’s awards included a special 
category – Inspiring Voices – that required 
submission of essays recounting notable 
workplace wellness initiatives. Winning 
essays included:

•	 BankNewport: On the transformative 
power of its Vitality Wellness Program 
and featuring two employees who 
improved chronic health issues through 
exercise and nutrition. 

•	 Highbar Physical Therapy: On its Special 
Interest Groups, which foster learning, 
innovation and connection, and a com-
pany challenge, September of Move, that 
inspired employees and their families to 
get more active.

•	 Raytheon Company–Naval Power: On 
how company employees rallied to 
improve their readiness to respond to 
heart attacks, strokes and seizures fol-
lowing a medical event on the company’s 
production floor in which employees 
rushed to provide aid to a colleague.  

“At Blue Cross, we’re proud to recog-
nize – and celebrate –local businesses that 
are dedicated to the health and well-being 

of their employees,” said JOHN DONO-

HUE, BCBSRI Vice President of Commer-
cial Markets. “With so many companies 
headquartered in Rhode Island, their best 
practices are a model for businesses with-
in our state and across the nation. It was 
inspiring to see the creative, innovative 
ways that employers are helping their 
employees improve their physical, men-
tal, and social well-being.”

LAURIE WHITE, President of the 
Greater Providence Chamber of Com-
merce, said, “Now in the 31st year of the 
Worksite Health Awards, we remain in-
spired by the creativity and commitment 
of those Rhode Island companies that 
go above and beyond to make employee 
wellness a priority. By supporting healthy 
lifestyles and boosting morale, worksite 
wellness programs are a win-win for 
everyone. We are once again proud to 
partner with Blue Cross & Blue Shield 
of Rhode Island to recognize local busi-
nesses finding innovative and engaging 
ways to help their employees live better, 
healthier and happier lives.”

Businesses were named 2025 Worksite 
Health Award honorees in these three 
categories: 

Exemplary honorees

American Mathematical Society, Bank-
Newport, Blue Cross & Blue Shield of 
Rhode Island, Brown University, Brown 
University Health, Bryant University, 
Care New England Health Services, Coast-
al1 Credit Union, Comprehensive Com-
munity Action Program, Cooley Group,  
Dominion Diagnostics, LLC., Gilbane,  

Inc., Greenwood Credit Union, High-
bar Physical Therapy, Hinckley Allen,  
Meeting Street, Navigant Credit Union, 
Ocean State Job Lot, Ortho Rhode Island, 
Providence College, Raytheon–Naval 
Power, Rhode Island Zoological Society, 
RI Housing, RIPIN (Rhode Island Par-
ent Information Network), Roger Wil-
liams University Simply Wellness, South 
County Health, State of Rhode Island, 
Swarovski Optik North America, LTD, 
The Beacon Mutual Insurance Compa-
ny, The Washington Trust Company, 
Toray Plastics (America), Inc., Westbay  
Community Action Inc. 

Superior honorees

AIPSO, Brookwood Finishing, CME 
Corp., Falvey Insurance Group, Living in 
Fulfilling Environments (LIFE), Inc, Paul 
Masse Automotive Group, Rhode Island 
Commerce, Rhode Interlocal Risk Man-
agement Trust, Saint Elizabeth Com-
munity, Taco Comfort Solutions, Wood 
River Health.

Outstanding honorees 

Blackstone Valley Community Health 
Center, Crossroads RI, Plumbers & Pipe-
fitters Local 51, The RISE Group, Univer-
sity Orthopedics.

All Rhode Island-headquartered busi- 
nesses are eligible to apply for the 
Worksite Health Awards. BCBSRI, in 
partnership with the Chamber, is a proud 
presenting sponsor of the awards, which 
have recognized local businesses for cre-
ating healthy workplaces since 1995. v

Blue Cross & Blue Shield of Rhode Island (BCBSRI) and the Greater Providence Chamber of Com-

merce at celebration heald at the Crowne Plaza July 17th. [PROVIDENCE CHAMBER OF COMMERCE]
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Rhode Island, Miriam, Newport hospitals 

recognized for exceptional stroke treatment

PROVIDENCE/NEWPORT — Three Brown University Health hos-
pitals have been nationally recognized again for providing ex-
ceptional patient care and outcomes by The American Heart 
Association (AHA).   

Rhode Island Hospital, The Miriam Hospital, and Newport 
Hospital received the prestigious Get With The Guidelines®- 
Stroke GOLD PLUS Quality Achievement Award. The award 
recognizes programs that demonstrate commitment to ensuring 
stroke patients receive the most appropriate treatment accord-
ing to nationally recognized, research-based guidelines, ulti-
mately leading to more lives saved and reduced disability.

All three hospitals also received AHA’s Target: Type 2 Dia-
betes Honor Roll designation in recognition for demonstrating 
they met quality measures with over 90% compliance for the 
prior year. 

Additionally, the hospitals were honored for:

•	 Rhode Island Hospital received the AHA’s Target: Stroke 
Honor Roll Advanced Therapy and Target: Stroke Honor 
Roll Elite Plus designations, in addition to Advanced  
Therapy and AHA’s Target: Type 2 Diabetes Honor Roll.

•	 The Miriam Hospital received AHA’s Target: Stroke Honor 
Roll Elite Plus as well as the AHA’s Target: Type 2 Diabetes 
Honor Roll designations.

•	 Newport Hospital received AHA’s Target: Stroke Honor  
Roll designation and AHA’s Target: Type 2 Diabetes  
Honor Roll. v

South County Health earns CMS infection 

prevention recognition

WAKEFIELD — South County Health has been recognized as one 
of only 514 hospitals across the United States to achieve zero 
catheter-associated urinary tract infections (CAUTIs), based 
on the most recent Centers for Medicare & Medicaid Services 
(CMS) data.

The data, compiled in the Healthcare Associated Infec-
tions-Hospital database and collected through the CDC’s 
National Healthcare Safety Network, reflects a full year of 
reporting – from July 2023 through June 2024. These results 
underscore South County Health’s dedication to infection pre-
vention and the delivery of exceptional care across all settings.

CMS and the CDC calculate standardized infection ratios 
using a range of factors including hospital size, patient health 
status, and care location. The measures apply to all patients 
in acute care hospitals, whether adult, pediatric, neonatal,  
Medicare or non-Medicare. v

Recognition

Hasbro Children’s announces 2024  

‘Brite Lites’ hospital employees recognized  

for exemplary care

PROVIDENCE — Hasbro Children’s announced its 2024 Brite 
Lite award winners at a recent ceremony held in the hos-
pital’s Balise Healing Garden. Recipients are Brown Uni-
versity Health employees nominated by Hasbro Children’s 
patients and their families for their dedication and compas-
sion shown to pediatric patients under their care.

The Brite Lite employee recognition program started 
20-plus years ago. It celebrates five employees who have 
excelled in their everyday duties to make patients and 
families feel safe, important, and well cared for. Brite 
Lite winners are chosen for exemplifying “the four Cs” at  
Hasbro Children’s: caring, communication, cooperation 
and competence.

The 2024 Brite Lites winners, selected from among more 
than 40 nominations, are:

•	 LAURA CIOE, family advocate, patient & family  
centered care, Hasbro Children’s

•	 KRISTEN GALLAGHER, RN, 5th floor, Hasbro 
Children’s

•	 MARGARET SCHEFFLER, MD, pediatric critical  
care, Hasbro Children’s

•	 MARY SETTE, NP, Emergency Department,  
Hasbro Children’s

•	 MADDISON ZUBA, BSN, RN, pediatric float pool, 
Hasbro Children’s  v
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Recognition

Roger Williams celebrates 30 years of BMT services 

PROVIDENCE — Close to 100 cancer survivors, family members 
and friends, providers and hospital staff gathered recently at Rog-
er Williams Medical Center (RWMC)  to celebrate National Cancer 
Survivor Month, their cancer care journey, and mark the 30th anni-
versary of the Blood and Marrow Transplant and Cellular Therapy  
Program (BMT). 

Roger Williams Sleep Center reaccredited

PROVIDENCE — The Roger Williams Medical Center Sleep 
Disorders Center has been officially awarded reaccredita-
tion for a period of five years by the American Academy 
of Sleep Medicine (AASM).

The Sleep Center provides sleep testing as well as 
out-patient consultations for patients with sleep related 
complaints such as snoring, daytime fatigue, fragment-
ed sleep, insomnia and sleep apnea. Sleep tests include 
overnight attended in-center polysomnography, home 
sleep apnea testing and multiple sleep latency testing. A 
team of highly experienced registered polysomnography 
technologists perform the testing and analyze the data. 
By successfully completing the re-accreditation process 
and upholding the standards of accreditation, the RWMC 
Sleep Disorders Center has shown its dedication to the 
advancement of the field. 

Sen. Jack Reed joined with cancer survivors, family, and staff on Saturday, 

June 21 in Kay Auditorium. [RWMC]

Members of the Sleep Center: Eymy Soto (Medial Assistant), 

Tracy Banaczuk (Sleep Scorer), Patrice Lawrence (Medical 

Assistant), Debra Forsythe( Medical Secretary), Erica Brousseau 

(Nurse Practitioner, APRN), and Zulfikar Alli (Manager). [RWMC]

Since 1977, the American Academy of Sleep Medicine 
(AASM) Standards for Accreditation have been the gold 
standard by which the medical community and the pub-
lic evaluate sleep medicine facilities. Achieving AASM 
accreditation demonstrates a sleep medicine provid-
er’s commitment to high quality, patient-centered care 
through adherence to these standards. The RWMC Sleep 
Center has been continuously accredited since 2009.

“This is another example of our commitment to pro-
vide specialty services that follow industry best practic-
es,” said JEFFREY LIEBMAN, CharterCARE CEO, parent 
company of Roger Williams Medical Center. “This is 
validation once again of the exceptional clinical leader-
ship and patient care this sleep program has provided for 
more than 10 years.” DR. F. DENNIS MCCOOL, ABIM, 
board-certified in Sleep Medicine, is Medical Director of 
the Sleep Disorder Center. v

The program was highlighted by remarks from Sen. JACK REED, 
where it was a bit of a homecoming given he was on hand in 1994 to 
help open the BMT unit at Roger Williams.

“You know “Hope” is the motto of our state, and for over 30 
years, BMT has been bringing hope to cancer patients throughout 
our state,” he said. “Over the last decade, we have seen incredible 
advancements in cancer research. Survivorship rates are improving 
and quality of life improving. That’s why we can’t let our foot off the 
pedal. We need to keep investing in biomedical research and clinical 
trials. We need to redouble our efforts, and I can think of no better 
place to look for inspiration than the many individuals and families 
here who have fought for their lives. You are all battle tested…and 
we need to match that strength.”

Remarks were also delivered by DR. RITESH RATHORE, Medical 
Director of the Cancer Center, and DR. TODD ROBERTS, Director 
of the BMT program. “Most people know Senator Reed as a lead-
er on the Senate Appropriations and Armed Services Committee,” 
commented Dr. Rathore, adding, “but not everyone is familiar with 
his leadership in authoring major bills on healthcare and his work 
in supporting health care access, especially in RI. We would like to 
recognize him as a true champion for healthcare in RI.”

He went on to say, “Today, we want to thank all our patients 
for trusting us to take care of them in the most difficult and trying 
phase of their lives. We will strive continuously to provide the best 
care and support and partner with you during your therapy and your  
recovery.”	

The BMT Program at Roger Williams is the only full-service  
program of its kind in Southern New England. v
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Recognition

Two URI nursing professors to be inducted as Fellows in American Academy of Nursing

College of Nursing professors Amy D’Agata (left) and 

Erica Liebermann (right) are the latest URI faculty mem-

bers to be inducted as Fellows in the American Academy 

of Nursing.

KINGSTON (URI) — Two University 
of Rhode Island College of Nursing 
professors, Associate Professor AMY 

D’AGATA, PhD, RN,  and Assistant Pro- 
fessor ERICA LIEBERMANN, PhD,  

MSN, have been selected to receive 
the highest recognition of accom-
plishment in the nursing profession, 
induction as Fellows in the American 
Academy of Nursing. 

Invitation to fellowship requires 
nurses to demonstrate sustained ex-
ceptional contributions throughout 
their careers, and recognizes a nurs-
ing leader’s accomplishments in the 
profession.

Dr. Liebermann is an adult/women’s health nurse practitioner 
and clinician scientist with extensive international experience. 
Her clinical work and health services research are driven by a 
desire to advance the health of women and girls throughout the 

world, through promoting equitable 
access to high quality health care. Her 
current research focuses on advancing 
progress toward cervical cancer elimi-
nation in the U.S. through innovative 
strategies to increase HPV vaccina-
tion rates and improve cervical cancer 
screening and follow-up.

Dr. D’Agata has extensive clinical 
experience in neonatal intensive care. 
Her research has evolved to exam-
ining the lifetime effects of preterm 
birth. She serves as the principal in-
vestigator for the RHODE Study, the 
longest continuously running pre- 
term birth study in the United States. 

Funded by the National Institutes of Health through an R01 
grant, the study explores the impact of preterm birth on adult 
cardiometabolic, immune, and endocrine health, as well as  
epigenetic aging at the age of 35. v
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Obituaries

DAVID LOUIS KITZES, MD, age 87, of 
Providence, passed away peacefully on June 
29, 2025 at his residence, surrounded by 
loved ones. He now joins his beloved sweet-
heart, the late Mary Ellen (Richey) Kitzes, 
in another great and mysterious adventure. 

David’s family wishes to memorialize  
David’s commitment to love, compassion, 

healing and service. Donations may be made in honor of Dr. 
David Kitzes to Jewish Collaborative Services’ Community Ser-
vices and Food Security Fund (visit: JCSRI.org). This fund sup-
ports programs that assist caregivers, families, older adults, and 
underserved populations with emergency financial assistance, 
food access, and social services.

Full obituary to follow soon at www.sugarmansinai.com v

DENNIS S. KRAUSS, MD, age 77, of Wal-
nut Creek, CA, passed away on July 1, 
2025, surrounded by loved ones. He was a 
former Barrington resident and physician in 
Providence.

Born in New York, New York, on May 7, 
1948, Dennis grew up in Brighton, MA. He 
knew from an early age that he wanted to be 

a doctor, like his father. After graduating from Harvard College, 
he attended medical school at The University of Vermont.

In 1979, he moved to Barrington with his wife, Paula, and 
their children. He joined a private endocrinology practice in 
Providence, focusing on the treatment of diabetes. He became 
known in the community as a caring and thorough physician.

Dennis owned a vacation home on Lake Winnipesaukee in 
Moultonborough, NH, where he loved spending quality time 
with his family and friends. At his lake home, and especially on 
his motorboat, he experienced immense joy and gratefulness.

In 2017, following his retirement, he and Paula moved to 
California to be closer to children and grandchildren. There, 
he fought valiantly against Parkinson’s disease while living an  
active lifestyle in a retirement community called Rossmoor.

Dennis leaves behind his wife, Paula; his children, Jeff Krauss, 
Greg Krauss, and Emily (Krauss) Grossberg; his grandchildren, 
Lila Krauss, Eva Krauss, Ella Grossberg, and Jake Grossberg; 
his son-in law, Eric Grossberg; his daughter-in-law, Carrie Sul-
livan Krauss; and his siblings, Sandra Webber, Beverly Hugo, 
and Robert Krauss. He was preceded in death by his brother,  
Malcolm Krauss.

In lieu of flowers or gifts, please send donations to the Par-
kinson Network of Mt. Diablo by going to: https://www.pnmd.
net/donating v
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