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Abstract

Background

Emergency department based Physical Therapy (ED-PT) has been practiced globally in
various forms for over 20 years and is an emerging resource in the US. While there is a
growing body of evidence suggesting that ED-PT has a positive effect on a number of clini-
cal and operational outcomes in patients presenting with musculoskeletal (MSK) pain, there
are few published narratives that quantify this in the US. Although there are international
papers that offer outcome data on reduction of pain, imaging, throughput time, and the abil-
ity of physical therapists to appropriately manage MSK conditions in the ED setting, most
papers to date have been descriptive in nature. The purpose of this study is to assess the
impact of ED-PT on imaging studies obtained, rates of opioids prescribed, and ED length of
stay.

Methods

We prospectively identified patients presenting with musculoskeletal pain to an urban aca-
demic ED in Salt Lake City between January 2017 and June 2018. During the study, a physi-
cal therapist was in the ED three days (24 hours) per week and was available to evaluate
and treat patients after consultation by the ED provider. We noted patient demographic
information, imaging performed in the ED, medications administered and prescribed, and
ED length of stay. We classified patients as those who received PT in the ED and those who
did not and compared clinical outcomes between groups. We performed a subgroup analy-
sis of patients presenting with low back pain and matched patients by age and gender.

Results

Over the 18-month study period, we identified 524 patients presenting to the ED with muscu-
loskeletal pain. 381 (72.7%) received ED-initiated PT. The PT and non-PT groups were sim-
ilar in average age (42.8 years vs. 45.1 years, p = 0.155), gender (% female: 53% vs.
46.9%, p-0.209), and primary presenting chief complaint (cervical, thoracic, or lumbar pain:
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57.7% vs. 53.1%, p = 0.345). Patients who received PT had lower rates of imaging (38.3%
vs. 51%, p = 0.009), ED opioid administration (17.5% vs. 32.9%, p<0.001), and a shorter
average ED length of stay (4 hours vs. 6.2 hours, p<0.001). Rates of outpatient opioid pre-
scriptions were similar between groups (16% vs. 21.7%, p = 0.129). In a subgroup analysis
of patients presenting with low back pain, we found that PT patients had fewer imaging stud-
ies (PT 25% vs. non-PT 57%, p = 0.029) but found no difference in average ED length of
stay (PT 3.7 hours vs. non-PT 4.6 hours, p = 0.21), opioid administration in the ED (PT 36%
vs. non-PT 43%, P = 0.792), nor outpatient opioid administration (PT 17.9%. vs non-PT
17.9%, p=1.0).

Conclusion

In our experience, being seen by a physical therapist for MSK pain within the ED was associ-
ated with reduced use of imaging and time spent in the ED. Patients seeing a Physical Ther-
apist were also less likely to receive an opioid prescription within the ED, a potentially
significant finding given the need for opioid reduction strategies.

Background

Musculoskeletal pain is a leading cause of disability globally and a common complaint in
patients presenting to the emergency department (ED). [1,2] It is estimated that 13.8% of ED
visits are attributable to primary musculoskeletal disorders. [3] Back pain, the most common
of these disorders, accounts for 4.3 million ED visits per annum in the US. [2,4] When faced
with managing non-traumatic musculoskeletal pain in the ED, physicians often have limited
treatment options available. ED providers may find themselves trapped between conflicting
mandates to alleviate pain and maintain patient satisfaction while practicing in accordance
with national guidelines that recommend reduced opioid prescription and imaging. [5-8]
Patients presenting to the ED with musculoskeletal pain may also have culturally conditioned
expectations, such as an expectation to receive imaging to assist in their diagnosis and medica-
tion to ameliorate their symptoms. [7]

While the busy ED environment is not conducive to a physician spending the amount of
time that may be required to provide individualized, patient-specific education and reassur-
ance, this role matches the education and skill set of a physical therapist. [9] Physical therapists
have been practicing internationally in EDs for over 20 years and have recently become more
prevalent in EDs in the United States. [9,10] As ED patient volumes continue to increase, the
number of patients who may potentially benefit from ED-based physical therapy (ED-PT)
increased proportionally. [11]

Existing data suggest that ED-PT has a positive effect on a number of clinical and opera-
tional outcomes and is viewed positively by both patients and physicians. [12-14] In the pri-
mary care setting, early physical therapy (PT) appears to be associated with lower utilization of
advanced imaging, lower rates of lumbar spinal injections and lumbar spinal surgery, and
improved patient satisfaction. [15-19] In the ED, a primary contact physical therapy model
has been shown to reduce wait times and improve patient flow, directing patients to early
effective care, and freeing emergency physicians to focus on other emergent cases. [20-24] A
primary contact model involves the Physical Therapist acting as primary provider and autono-
mous practitioner. This practice is now commonplace in the UK, Canada and Australia. It
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contrasts with the predominant model seen in US EDs in which the Physical Therapist acts as
a ‘secondary contact practitioner’ after initial examination by an ED Physician and medical
referral. [22,25] Furthermore, ED-PT has been suggested as an alternative to opioid prescrib-
ing for pain management in the ED. [26,27] In the primary care setting, early PT referral has
been shown to offer reductions in longer-term opioid use and resulted in lower-intensity opi-
oid use for patients with atraumatic lower back pain, although studies to date have failed to
show benefit in the context of the ED. [28]

The purpose of this study was to determine the impact of ED-PT on overall rates of imag-
ing, rates of opioid prescribing and length of stay when compared with patients not receiving
PT. We hypothesize that patients who receive ED-PT would demonstrate reduced imaging
rates, opioid prescribing and length of stay.

Methods

Study design and setting

The study design is that of a prospective observational study at the University of Utah ED over
an 18-month period. We prospectively identified ED patients presenting with a musculoskele-
tal complaint to the University of Utah ED between January 2017 and July 2018. We reviewed
the medical record to compare ED length of stay, imaging rates, and opioid administration
among patients who received ED-PT to those who did not receive PT. The University of Utah
Institutional Review Board approved the Study.

The University of Utah ED is an urban, academic ED located in Salt Lake City, Utah, with
approximately 50,000 patient visits per year. At present, the University of Utah ED follows a
traditional collaborative model of care, with ED providers consulting the physical therapist at
their discretion. At the time of data collection there was one dedicated physical therapist work-
ing in the ED three days per week between the hours of 9 am and 6 pm. This individual was
present through the entire study period.

Selection of participants

The ED physical therapist maintained a record of all patients with musculoskeletal complaints
for whom he was consulted and who received ED-PT throughout the 18-month study period.
Patients with non-musculoskeletal complaints such as Vertigo were recorded separately by the
Physical Therapist and not included within this study. The record included patient complaint,
demographic information, and information on the ED intervention. Concurrent with this, on
days in which the ED physical therapist was not present, trained research associates (RAs)
identified ED patients presenting with a potential musculoskeletal complaint based on the tri-
age chief complaint throughout the 18-month study period. The control group of non-PT
patients was identified during the same standard ‘daytime’ hours as ED-PT patients. However,
unlike the ED-PT group, our control group is not comprehensive, and represents a conve-
nience sample of patients presenting with a musculoskeletal complaint. RAs approached these
patients to clarify the nature of their complaint and to assure this was musculoskeletal in
nature. RAs also confirmed with the primary patient provider that the complaint was indeed
musculoskeletal in etiology. RAs recorded demographic and clinical information at the time of
the ED visit. Any patient within this group who received ED-PT was excluded from the control
group. Only patients with a final diagnosis of a primary musculoskeletal issue were included in
the study.
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Methods and measurements

After the identification of appropriate patients, trained study personnel reviewed the electronic
medical record and extracted specific pre-determined data points using a secure electronic
spreadsheet. Data abstractors and analyzers were not blinded to patient group. These included
medications administered in the ED, medications prescribed on discharge, total length of ED
stay, and imaging performed in the ED. Medications and imaging studies were ordered by the
primary ED provider only. The final ICD-10 code classification was also reviewed and con-
firmed to be musculoskeletal. Drugs were categorized according to the Multum Medisource
Lexicom. For ease of classification, Tramadol is classified as a classic Opioid. Opioid combina-
tion medications such as hydrocodone-acetaminophen and oxycodone-acetaminophen are
categorized as opioids only and are not counted towards the acetaminophen total.

Outcomes

The primary study outcomes were total imaging rates (X-ray, CT and MRI), opioid adminis-
tration in the ED, outpatient opioid prescription, and ED length of stay. We selected these as
our primary outcomes given our hypothesis that ED initiated PT would reduce imaging, opi-
oid use, and length of ED stay.

Intervention

The University of Utah currently employs a ‘secondary contact practitioner model’. This is
typical of almost all ED-PT programs within the US. All patients in the ED-PT group were
seen by a single physical therapist after being initially assessed by a physician, nurse practi-
tioner, or physician assistant. Providers at the University of Utah are encouraged to involve a
physical therapist early in the presentation of a patient where PT is likely to be beneficial, such
as in atraumatic lower back pain. Early assessment and intervention by a physical therapist,
prior to any further intervention or work up, is our current model of practice, and may
account for any differences seen between ED-PT and non-PT groups.

PT assessment included utilizing a motivational interviewing style to solicit a narrative his-
tory from the patient regarding their chief complaint as well as any factors they felt were con-
tributory. Physical assessment included red flag screening and, when able, movement
assessment for patterns that aggravated and eased symptoms. Patient management included
education regarding the nature of musculoskeletal pain, reassurance of the lack of red flag
findings, discussion of the natural course of musculoskeletal pain, advice on self-management
strategies (including pacing and graded return to functional activity and activities of daily liv-
ing as early as tolerated), avoidance of bed rest and therapeutic interventions based on the
results of directional preference testing that most commonly involved gentle manual therapy
in the form of mobilization to facilitate movement. Unless there was clear evidence of the
cause of symptoms such as trauma, effort was made to avoid the use of biomedical or tissue-
based explanations as the source of pain. Follow-up with outpatient PT was typically discussed
and offered as an option if the patient or therapist felt it was appropriate or needed.

Analysis

We performed univariate data analysis utilizing descriptive statistics with data presented as
percentages for categorical variables and means for continuous variables. We evaluated differ-
ences between groups of categorical variables utilizing the Pearson’s chi-square test and differ-
ences between continuous variables using Student’s t-test. We present results using odds ratios
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(ORs) and 95% confidence intervals (Cls), with a p-value <0.05 considered statistically
significant.

In order to account for potential differences between groups of patients, we performed a
subgroup analysis on the subset of patients presenting with atraumatic low back pain and
matched patients by age and gender. Given the larger number of non-PT patients in our study,
we matched all non-PT patients with low back pain with PT patients with low back pain
through matching by gender then matching by age +/- 1 year. We compared ED length of stay,
imaging rates, and opioid administration rates between those who had ED-PT and those who
did not. We performed analysis using STATA version 12.0 (StataCorp, College Station, TX)
and VassarStats Website for Statistical Computation (vassarstats.net). The manuscript adheres
to Strengthening the Reporting of Observational Study (STROBE) guidelines for the presenta-
tion of observational studies. [29]

Ethics statement

This study was approved by the University of Utah Institutional Review Board. Informed con-
sent was waived by the Institutional Review Board Committee. All patient records were anon-
ymized prior to access.

Results

Over the 18-month period, we identified 524 patients who presented to the ED with musculo-
skeletal pain and were included in the study. A total of 381 patients (72.7%) received ED-PT,
whereas 143 patients (27.3%) did not receive PT. The PT and non-PT groups were similar in
average age (42.8 years vs. 45.1 years, p = 0.155), gender (percent female: 53% vs. 46.9%, p-
0.209), race and average presenting pain score. [Table 1] Primary presenting chief complaint
was also similar between groups (cervical, thoracic, or lumbar pain: 57.7% vs. 53.1%,

p = 0.345). [Table 2]

Average ED length of stay was significantly lower in the PT group when compared to the
non-PT group (4 hours vs. 6.2 hours, p<0.001, range 1-26 hours vs. 1-28 hours). [Overall
rates of imaging were also significantly lower in the PT group (38.3% vs. 51% p = 0.009). PT
patients were less likely to have an x-ray performed in the ED (30.0% vs 43.4%, p = 0.00452).
However, the rates of CT scanning (8.1% vs 11.2%, p = 0.27572) and MRI (4.7% vs 4.2%,

p = 0.79486) did not differ significantly between the two groups. [Fig 1]

Table 1. Baseline characteristics of study population.

Physical Therapy (n = 381) No Physical Therapy (n = 143) p value

Age, years 42.8 45.1 0.155
Female Sex 202 (53%) 67 (46.9%) 0.209
Race
White 330 (86.6%) 125 (87.4%) 0.920
Hispanic 45 (11.8%) 18 (12.6%)
Other 6 (1.6%) 0
Insurance Type
Commercial 267 (70%) 93 (65%) 0.314
Medicare 33 (8.7%) 14 (9.8%) 0.689
Medicaid 50 (13.1%) 18 (12.6%) 0.862
Self-Pay 31 (8.2%) 18 (12.6%) 0.119
Initial Pain Score, 0-10 scale 7.0 7.1 0.552

https://doi.org/10.1371/journal.pone.0231476.t001
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Table 2. Comparison of presenting chief complaint.

Complaint Physical therapy performed in ED | No physical therapy in ED | p-value
Cervical, thoracic, or lumbar pain | 57.7% 53.1% 0.345
Lower extremity pain 13.1% 24.5% 0.001
Upper extremity pain 12.1% 8.4% 0.232
Chest wall pain 2.1% 2.1% 0.649
Other complaint 14.9% 11.9% 0.368

https://doi.org/10.1371/journal.pone.0231476.1002

PT patients were less likely to receive and opioid pain medication in the ED (17.5% vs.
32.9%, p<0.001). PT patients were also less likely to receive acetaminophen in the ED (5.8% vs
11.9%, p = 0.01732) but had comparable rates of NSAID administration (21.5% vs 28.7%,

p = 0.08544). Rates of outpatient opioid prescriptions were similar between the two groups
(16% vs. 21.7%, p = 0.129). [Fig 1]

ED-PT patients received fewer benzodiazepines in the ED (92% vs 16.8%, p = 0.0217); how-
ever, benzodiazepine prescribing at the point of discharge was not significantly different (3.9%
vs 4.2%, p = 0.9203). Topical Lidocaine preparations were infrequently prescribed in both
ED-PT and non-PT groups both in the ED (0.3% vs 0%, p = 0.6033) and at discharge (0.3% vs
2.1%, p = 0.1124). Gabapentin was prescribed to fewer patients in the ED-PT group at dis-
charge (1.8% vs 7.7%, p = 0.0023).

We performed a subgroup analysis of patients presenting with low back pain and matched
patients by age and gender. We identified 112 patients with atraumatic low back pain for this
matched comparison (PT 56 vs. non-PT 56). Average age in each group was 42 years (range
PT 18-82 vs. non-PT 18-81) and 50% of each group was female. Average ED length of stay
was similar between groups (PT 3.7 hours vs. non-PT 4.6 hours, p = 0.21). ED-PT patients
received fewer imaging studies (PT 25% vs. non-PT 57%, p = 0.029) but had similar rates of
opioid administration in the ED (PT 36% vs. non-PT 43%, P = 0.792) and outpatient opioid
prescriptions (17.9%. vs 17.9%, p = 1.0). [Fig 2]

Discussion

We found that patients who received ED-PT had a shorter ED length of stay, lower overall
imaging rates, and fewer opioids administered in the ED. This study is the first to focus on the
utilization of imaging at the discrete point of the ED visit, and it identifies an association
between PT and decreased diagnostic imaging rates and therefore cost.

A number of large cohort and descriptive studies have demonstrated an association
between the early initiation of PT in lower back pain and reduced downstream healthcare utili-
zation. [18] Fritz et. al., using data extracted from a large database of employee sponsored
health plans, retrospectively analyzed the effects of early (< 14 days) versus delayed (>14 days)
PT on downstream healthcare utilization in patients with a first presentation of low back pain
(LBP) to primary care providers. LBP-related healthcare costs were analyzed over an
18-month follow up period. Early physical therapy timing was associated with decreased risk
of advanced imaging (odds ratio [OR] = 0.34, 95% confidence interval [CI]: 0.29, 0.41), addi-
tional physician visits (OR = 0.26, 95% CI: 0.21, 0.32), surgery (OR = 0.45, 95% CI: 0.32, 0.64),
injections (OR = 0.42, 95% CI: 0.32, 0.64), and opioid medications (OR = 0.78, 95% CI: 0.66,
0.93) compared with delayed physical therapy. [19] This study is more recently supported by
the work of Liu et. al. who demonstrated, in a retrospective cohort study of 6668 patients with
LBP receiving PT in a community primary care setting, an association between early PT initia-
tion (< 3 days) and downstream healthcare utilization costs. [30]
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Fig 1. Imaging and opioid administration rates.

https://doi.org/10.1371/journal.pone.0231476.9001

Of note, in our subgroup analysis of patients presenting with low back pain, the differences
in opioid administration rates and ED length of stay were not present. The difference in imag-
ing rates was more pronounced in this subgroup of patients than in the overall population,
which may speak to the potential impact of PT consultation on imaging rates among patients
with low back pain. It is worth noting that PT patients did have shorter ED length of stay and
lower opioid administration rates during the ED stay, but these differences were not statisti-
cally significant. This may be due to the smaller size of the groups, and the analysis may have
been underpowered to detect these differences in this subset of patients.

Initiating PT in the ED provides patients with meaningful intervention at the earliest possi-
ble stage of their presentation. [16,31] The ED often represents the first point of contact with
the healthcare system for a given patient. Seeing a physical therapist in the ED offers a unique
opportunity to provide guideline-adherent care for musculoskeletal pain from the outset, with
the potential to realize the benefits of education, early mobility, and reduced exposure to
unnecessary imaging. Some patients who may benefit from seeing a physical therapist may not
otherwise have access to PT, potentially due to regulatory and health insurance restrictions or
simply due to patient awareness of this resource. [18] Having PT available in ED may mitigate
some of these barriers and increase the likelihood that patients have the opportunity to receive
this care.
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Fig 2. Subgroup comparison of matched patients with low back pain.

https://doi.org/10.1371/journal.pone.0231476.9g002

ED-PT as part of a primary contact provider model has not been shown to increase ED
length of stay. [12,32] However, there remains concern that secondary contact provider mod-
els, such as that in our institution, may prolong lengths of stay. [13,33] In our study, ED-PT
was associated with shorter ED length of stay. The reason for this finding is likely multifacto-
rial; fewer imaging studies in the PT group and our institutional emphasis on early PT consul-
tation were likely the greatest contributors. A significant contributor to length of stay in some
ED programs is likely delayed referral to PT. Providers in our institution are encouraged to
refer to PT early and avoid using ED-PT as a ‘last resort’ after exhausting alternative measures
(opioid analgesia, diagnostic imaging). As EDs see increasing volumes of patients, alternative
and creative ways to reduce wait times and improve patient flow become increasingly impor-
tant. [32] Our study demonstrates that early referral and PT involvement may provide a strat-
egy to achieve this goal in specific patient populations.

Finally, identifying treatments and therapies that reduce the need for opioid prescribing is
invaluable in the midst of the current opioid epidemic. [26,27,34] Back pain is the most fre-
quent diagnosis for which opioids and benzodiazepines are prescribed in the ED. [34] PT has
been suggested as an alternative management strategy for managing both acute and chronic
pain. [17] A recent study by Kim et. al. was the first to focus on the effect of ED-PT on opioid
prescribing in back and neck pain in the ED setting. [28] They found that individuals present-
ing to the ED with back and neck pain who were seen by a physical therapist during the visit
were just as likely to receive an opioid prescription. Similarly, we found no significant differ-
ence in outpatient opioid prescribing but did note a substantial difference in opioid adminis-
tration while patients were in the ED. In our ED PT program, we have encouraged physicians
to consult PT prior to initiating pharmaceutical therapy, which may be a factor in the differing
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opioid administration levels within the ED itself. However, the present study and that of Kim
et al demonstrate no association between ED-PT and reduced opioid prescribing at the point
of discharge. This contrasts with a number of claims-based studies indicating lower opioid pre-
scribing in those patients engaging in PT. [35,36] However, these studies focus on outpatients,
in whom our population of patients in the ED may significantly differ, both in terms of
urgency of encounter and acute pain score. It may also be the case that PT has a more protec-
tive effect against opioid prescribing long-term, and is less effective as an opioid substitution
therapy acutely at the point of ED discharge Further research may clarify the comparable rates
of outpatient opioid prescribing between those who receive ED-PT and those who do not.

Limitations

Our study is limited to a single center, and all patients were seen by a single physical therapist.
As such, our findings may be unique to this center, to the musculoskeletal diagnostic evalua-
tions, and to the management strategies at this site.

Our methodology to identify study patients meant that the scope of the PT patients included
in the study was comprehensive and represented all patients for whom ED-PT was provided
during the 18-month study period. However, our control group represented a convenience
sample of patients presenting with a musculoskeletal complaint. Certain limitations may be
inherent to the methodology employed to identify appropriate patients for comparison. Given
that our physical therapist did not assess the non-PT group, it is possible that our non-PT group
is fundamentally different from the group that received PT, and that the non-PT group contains
a sub-set of patients who would not have been amenable to ED initiated PT and for whom the
physical therapist would not have been consulted if available. Given the limited presence of the
physical therapist in the ED, we felt that this offered an appropriate arrangement to recruit a
group of similar patients who presented to the ED on days in which the physical therapist was
not present and, as such, would form an appropriate control group. Still, this methodology does
not utilize a robust randomization process in assigning patient to PT and may have selected for
a more complex or unique group of patients among those who did not have PT in the ED.

Additional limitations relate to the reliance upon the electronic medical record for patient
demographic, testing, and medication information. While we identified patients prospectively
either through the research associates or through the ED physical therapist, we retrieved rele-
vant outcomes through review of the medical record. As such, this methodology is susceptible
to bias through mistakes within the medical record or error in the review and transcription
process.

This study focuses on overall rates of imaging and does not assess the appropriateness or
inappropriateness of the imaging studies performed. We know that many patients with mus-
culoskeletal complaints receive unnecessary imaging investigations, however only overall rates
of imaging are compared in this study, and therefore no conclusions can be made about
whether PT reduces unnecessary imaging.

In focusing solely on outcomes at the time of the ED encounter, our study is further limited
by the lack of ongoing, longitudinal patient follow-up after the ED visit. It is unclear whether
the benefits of PT seen in the ED translate into ongoing benefits to the patient or the commu-
nity, such as reduced use of healthcare resources and the ongoing reduced use of opioids. Such
longitudinal endpoints may form the basis for future inquiry.

Conclusion

Our study found that patients who had ED-PT had a shorter length of stay, less overall imag-
ing, and reduced rates of ED opioid administration. However, we found no significant
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difference in outpatient opioid prescriptions. This study is the first ED-based study to demon-
strate an impact of ED-PT on opioid administration and may provide future direction for
research assessing ED opioid reduction strategies. Similarly, the impact on overall healthcare
utilization through imaging and length of stay suggests added benefits of ED-PT beyond the
therapeutic relationship established and care provided within the ED setting.
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