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Background  
Military physical therapists practicing direct-access routinely utilize diagnostic imaging 
and numerous published case reports demonstrate the ability of physical therapists to 
diagnose and appropriately disposition patients with foot/ankle and wrist/hand fractures. 
However, no larger cohort studies have explored the utilization of diagnostic imaging by 
physical therapists to detect fractures. 

Hypothesis/Purpose  
To describe the utilization of diagnostic imaging in foot/ankle and wrist/hand injuries by 
physical therapists in a direct-access sports physical therapy clinic. 

Study Design   
Retrospective cohort study. 

Methods  
The Agfa Impax Client 6 image viewing software (IMPAX) was searched from 2014 to 
2018 for patients with diagnostic imaging ordered for foot/ankle and wrist/hand injuries. 
The Armed Forces Health Longitudinal Technology Application (AHLTA) electronic 
medical record was independently reviewed by the principal and co-investigator physical 
therapists. Data extracted were demographics and elements from the patient history and 
physical examination. 

Results  
In foot/ankle injuries, physical therapists diagnosed a fracture in 16% of the 177 cases 
and waited for an average of 3.9 days and 1.3 visits before ordering imaging. In wrist/
hand injuries, physical therapists diagnosed a fracture in 24% of the 178 cases and waited 
for an average of 3.7 days and 1.2 visits before ordering imaging. The time to definitive 
care from the initial physical therapy evaluation was significantly different (p = 0.04) for 
foot/ankle fractures (0.6 days) compared to wrist/hand fractures (5.0 days). The Ottawa 
Ankle Rules demonstrated a negative likelihood ratio (-LR) of 0.11 (0.02, 0.72) and a 
positive likelihood ratio (+LR) of 1.99 (1.62, 2.44) for the diagnosis of foot/ankle fracture. 

Conclusions  
Physical therapists utilizing diagnostic imaging in a direct-access sports physical therapy 
clinic diagnosed fractures in similar proportions for foot/ankle and wrist/hand injuries 
and quickly dispositioned patients to definitive care for those fractures. The diagnostic 
accuracy of the Ottawa Ankle Rules was similar to previously reported values. 
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Level of Evidence    
Level 3. 

INTRODUCTION 

Musculoskeletal injuries are the leading cause of disability 
worldwide, affecting approximately 1.7 billion people.1 In 
the United States, musculoskeletal injuries affect one in 
two Americans, resulting in 62.7 million medical visits and 
$53.1 billion in direct treatment costs.2 The annual cost for 
treatment and lost wages is a staggering $980 billion.2 In 
addition to monetary cost, musculoskeletal injuries limit 
mobility, leading to early retirement, reduced well-being, 
and reduced societal participation.1 

Participation in athletic activities produces a substantial 
number of injuries. Each year, 4.2 million sports injuries re
quire medical attention; 61% of these injuries involve the 
musculoskeletal system.2 In collegiate athletics, the over
all rate of injury is estimated to be 13.8 per 1000 exposures 
during games and 4.0 injuries per 1000 exposures during 
practices.3 For a team of 50 athletes, this equates to one in
jury for every two games and one injury for every five prac
tices. 

Severe injuries (those that restrict participation for 
greater than three weeks, cause an athlete to discontinue 
the season, or extend beyond the current athletic season) 
comprise 9.5% of all injuries reported to the National Col
legiate Athletic Association (NCAA), with an estimated rate 
of 0.7 per 1000 exposures.4 Of all severe injuries, 14.4% 
were fractures.4 Severe injuries to the foot/ankle and wrist/
hand are common. In NCAA football, foot/ankle injuries oc
cur at a rate of 1.5 per 1000 exposures, with the most com
mon being fractures of the metatarsal (0.03 per 1000 ex
posures), malleolus (0.02 per 1000 exposures), and phalanx 
(0.01 per 1000 exposures).5 When examining differences in 
ankle injuries between athletic settings, fractures account 
for 3.8% of high school injuries but only 0.8% of collegiate 
injuries.6 The rate of wrist/hand injuries in all NCAA sports 
is 0.5 per 1000 exposures, with the most common being 
metacarpal fractures (0.51 per 1000 exposures) and pha
langeal fractures (0.5 per 1000 exposures).7 

In the military, 50% of Army soldiers sustain a new in
jury annually.8–11 These injuries contribute to over one 
million medical encounters and over 10 million limited 
duty days per year.8,10–12 In a two-month study of 1,475 
Soldiers across a variety of units, medical care associated 
with the treatment of musculoskeletal injuries exceeded 
$1.3 million ($1.9K per injury).9 Among 417 Marine Corps 
recruits, over 50% sustained a musculoskeletal injury dur
ing the 11 or 12-week training period.13 

Physical therapists practicing direct-access care in the 
military routinely utilize diagnostic imaging within their 
differential diagnosis and clinical reasoning processes. This 
model of early access to physical therapy reduces unnec
essary imaging and healthcare costs and improves out
comes.14–16 Two recent studies of diagnostic imaging in 
physical therapy demonstrated that physical therapists or
der imaging appropriately, with 83-91% of cases judged 
to be appropriate according to the American College of 

Radiology (ACR) Criteria.17,18 Physical therapists also uti
lize imaging safely; no adverse events were reported in 
over 1,000 imaging studies in a recent study examining the 
practice of military physical therapists.16 When compar
ing physical therapists to primary care providers using data 
from a nationally standardized healthcare performance 
measure, physical therapists were more likely to adhere to 
low back pain imaging guidelines in young, athletic pa
tients.19 

Physical therapists have demonstrated the ability to 
identify fractures when operating in a direct-access setting. 
Numerous case reports from a direct-access sports physical 
therapy clinic have been published that highlight the ability 
of physical therapists to appropriately recognize and dis
position patients with foot/ankle and wrist/hand frac
tures.20–30 Among non-military physical therapists who 
are not currently able to refer patients directly to a radi
ologist, 55 to 95% reported routinely performing the nine 
fundamental skills in their clinical practice that are neces
sary to utilize diagnostic imaging effectively.31 The Ottawa 
Ankle Rules are a valid screening tool for foot/ankle frac
tures,32,33 but have not been studied in a physical therapy 
direct-access setting. 

To the authors’ knowledge, no published cohort studies 
have explored the utilization of diagnostic imaging to de
tect fractures by physical therapists in a direct-access prac
tice setting. The purpose of this study was to describe the 
utilization of diagnostic imaging in acute foot/ankle and 
wrist/hand injuries by physical therapists in a direct-access 
sports physical therapy clinic. Based on clinical experience 
and observations, it was hypothesized that: 1. upper ex
tremity imaging would result in a significantly greater pro
portion of confirmed fracture diagnoses than lower extrem
ity imaging; 2. the average time from initial evaluation to 
definitive care for patients evaluated by physical therapists 
and diagnosed with a fracture would be less than five days; 
3. the Ottawa Ankle Rules would perform similarly in a di
rect-access physical therapy setting as in an emergency de
partment; 4. no individual examination item would result 
in clinically meaningful diagnostic accuracy for the diagno
sis of wrist/hand or foot/ankle fractures. 

METHODS 

This was a retrospective cohort study conducted at Keller 
Army Community Hospital (KACH) at the United States 
Military Academy (USMA) at West Point. The Arvin Cadet 
Physical Therapy Clinic is a direct-access clinic where 
nearly all USMA Cadets with musculoskeletal injuries and/
or pain are evaluated and treated. All physical therapists 
possess clinical privileges with the ability to order diag
nostic imaging and prescribe a limited number of med
ications, including non-steroidal anti-inflammatory med
ications (NSAIDs) and non-opioid analgesics. The Naval 
Medical Center – Portsmouth Institutional Review Board 
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approved the research design and protocol before data col
lection. 

The Agfa Impax Client 6 (Agfa Healthcare) image view
ing software program (IMPAX) was searched with a location 
code for the Arvin Physical Therapy Clinic from June 2014 
to June 2018 for patients with diagnostic imaging ordered 
for foot/ankle and wrist/hand injuries. More recent records 
were not utilized due to a nomenclature change that pre
vented an accurate search for the specific body regions 
of interest. For each patient identified, the Armed Forces 
Health Longitudinal Technology Application (AHLTA) elec
tronic medical records (EMR) were independently reviewed 
by the principal and co-investigator physical therapists. All 
reviewing physical therapists held board certification in or
thopaedic or sports physical therapy. Documentation from 
physical therapy encounters and radiology exams was ex
tracted and de-identified. Demographic data included pa
tient age and sex, duration of symptoms, and location of 
symptoms. If a provider’s note did not explicitly state the 
duration of symptoms in days/weeks/months, seven days 
was input for acute symptoms, 30 days for subacute symp
toms, and 90 days for chronic symptoms.34 Table 1 shows 
specific variables of interest for foot/ankle and wrist/hand 
injury data extraction, which were identified based on the 
clinical experience of the authors practicing in this setting. 
The status on the Ottawa Ankle Rules was recorded for all 
foot and ankle injuries. When an element of the patient his
tory or physical examination was not reported in the pa
tient note, it was coded as a “negative” finding. Variables 
of interest for all injuries included: (1) diagnosis of a frac
ture, (2) number of physical therapy visits before the imag
ing order, (3) amount of time from initial physical therapy 
evaluation to the imaging order, and (4) amount of time 
from initial physical therapy evaluation to definitive care. 
As treatment of fractures is beyond the scope of physical 
therapist practice, the time to definitive care was defined 
as when an orthopaedic surgeon or orthopaedic physician’s 
assistant was consulted on the patient’s case, either by the 
physical therapist via telephone or by the patient in person. 

Statistical analyses were performed in Microsoft Excel 
365 (Microsoft, Inc) and SPSS version 28.0 (IBM Corp) with 
α = 0.05 set a priori for all analyses. Descriptive statistics 
were calculated for demographics, the number of imaging 
orders resulting in fracture, the time between the initial 
evaluation and the imaging order, and the time from the 
initial evaluation to definitive care for fractures. Homo
geneity of the data was assessed using Levene’s test and all 
data were assessed for normal distribution using a Shapiro-
Wilk test. Skewness and kurtosis were also calculated to 
assess for normal distribution. The nonparametric Mann-
Whitney U test examined differences in time to imaging, 
visits to imaging, and time from physical therapy evalua
tion to definitive care between upper and lower extremity 
injuries, as these data were not normally distributed and 
had unequal variances. A Chi-square test was used to com
pare the proportion of fractures identified with upper ver
sus lower extremity imaging orders. The diagnostic accu
racy of items from the patient history and physical exam, 
including the Ottawa Ankle Rules, was examined by cal

culating sensitivity, specificity, and likelihood ratios with 
95% confidence intervals using the PEDro Confidence In
terval Calculator (Herbert R. Confidence Interval Calculator 
(2013). https://pedro.org.au/english/resources/confidence-
interval-calculator/). 

RESULTS 

From June 2014 to June 2018 with a location code for the 
Arvin Physical Therapy Clinic, there were 267 imaging or
ders for foot/ankle injuries and 254 imaging orders for 
wrist/hand injuries (Figure 1). Because the search was fil
tered by location and not ordering provider, records were 
returned that were not ordered by a physical therapist. 
The final analysis included 177 cases of foot/ankle injuries 
and 178 cases of wrist/hand injuries ordered by 15 physical 
therapists. There were 90 cases of foot/ankle injuries and 
76 cases of wrist/hand injuries excluded when the imaging 
was ordered by other medical providers. Demographics are 
shown in Table 2. 

Table 3 shows the cases diagnosed as fractures, the time/
visits to imaging from the initial physical therapy evalu
ation, and the time to definitive care for diagnosed frac
tures. Fractures were noted in the radiology report for 16% 
of the foot/ankle cases and 24% of the wrist/hand cases. 
There were no significant differences between foot/ankle 
and wrist/hand injuries for the percentage of imaging or
ders diagnosed with a fracture or the time in days/visits 
from initial evaluation to imaging. The physical therapist 
waited for an average of 3.9 days and 1.3 visits before order
ing imaging for foot/ankle injuries and 3.7 days and 1.2 vis
its for wrist/hand injuries. The time to definitive care from 
the initial physical therapy evaluation was significantly dif
ferent (p = 0.04) for foot/ankle fractures (0.6 days) com
pared to wrist/hand fractures (5.0 days). 

The diagnostic accuracy of the Ottawa Ankle Rules in 
screening for fractures is shown in Figure 2, with a negative 
likelihood ratio (-LR) of 0.11 (0.02, 0.72) and positive like
lihood ratio (+LR) of 1.99 (1.62, 2.44). The diagnostic accu
racy of other elements of the patient history and physical 
examination are shown in Table 4; no individual element of 
the examination demonstrated acceptable diagnostic accu
racy to either rule out or rule in fractures in foot and ankle 
or wrist and hand injuries. 

DISCUSSION 

The purpose of this study was to describe the utilization of 
diagnostic imaging in acute foot/ankle and wrist/hand in
juries by physical therapists in a direct-access sports phys
ical therapy clinic. Orders for radiographs resulted in the 
diagnosis of a fracture in 16% of foot/ankle cases and 24% 
of wrist/hand cases. The results partially confirmed the hy
potheses. For screening for fracture, the diagnostic accu
racy of the Ottawa Ankle Rules was similar in this direct-
access physical therapy setting as was previously reported 
in emergency departments. No individual examination item 
had a clinically meaningful likelihood ratio for the diagno
sis of foot/ankle or wrist/hand fractures. The average time 
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Table 1. Variables of interest were extracted from the patient history and physical examination within the               
patient care notes.    

Foot/Ankle Wrist/Hand 

Patient History 

Patient self-reported outcomes SANE, NPRS SANE, NPRS 

Injury description/MOI Able to continue activity? 
(+) pop at time of injury? 

Able to continue activity? 
(+) pop at time of injury? 

Physical Examination 

Observation Swelling? 
Ecchymosis? 

Swelling? 
Ecchymosis? 

Palpation Location of tenderness Location of tenderness 

Limited range of motion Ankle dorsiflexion 
Ankle plantarflexion 
Ankle inversion 
Ankle eversion 

Wrist flexion 
Wrist extension 
Wrist ulnar deviation 
Wrist radial deviation 
Forearm pronation 
Forearm supination 

Special Tests Anterior drawer 
Talar tilt 
External rotation stress 
Squeeze test 

Scaphoid shift 
1st MCP varus/valgus 
IP varus/valgus 

Abbreviations: SANE, Single Assessment Numerical Evaluation; NPRS, Numerical Pain Rating Scale; MOI, mechanism of injury; MCP, metacarpophalangeal. 

Figure 1. Flow diagram of included and excluded cases.        
Abbreviations: ER, emergency room.     

from the initial physical therapy evaluation to definitive 
care was less than five days for foot/ankle fractures, but 
equal to five days for wrist/hand fractures. There were no 
significant differences in the rate of imaging that resulted 
in the diagnosis of foot/ankle or wrist/hand fractures. This 
is the first study to describe how physical therapists work
ing in a direct-access setting utilize diagnostic imaging to 
diagnose fractures. 

Table 2. Demographics for Patients with Foot/Ankle      
and Wrist/Hand Radiographs from June 2014 to June         
2018.  

Foot & Ankle (n=177) 
Mean (SD) 

% (n) 

Age (years) 20.2 (2.0) 

Sex (female) 22.6% (40) 

Body Region 
0.6% (1) 

52.0% (92) 
44.6% (79) 

2.8% (5) 

Duration of Symptoms (days) 10.1 (22.9) 
82.5% (146) 
13.6% (24) 

4.0% (7) 

Wrist & Hand (n=178) 
Mean (SD) 

% (n) 

Age (years) 20.5 (1.9) 

Sex (female) 19.7% (35) 

Body Region 
55.1% (98) 
28.1% (50) 
16.9% (30) 

Duration of Symptoms (days) 18.9 (51.4) 
76.4% (136) 
18.5% (33) 

5.1% (9) 

Abbreviations: SD, standard deviation. 

The Ottawa Ankle Rules performed similarly in this sam
ple of young, athletic patients evaluated by physical thera
pists without physician referral compared to patients eval
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Table 3. Diagnosis of Fractures and Practice Patterns.       

Foot & Ankle (n=177) 
Mean (SD); % (n) 

Wrist & Hand (n=178) 
Mean (SD); % (n) 

p-value 

Diagnosis of Fracture (+) 16% (29) 24% (42) 0.09 

Time from Evaluation to Imaging (days) 3.9 (12.2) 3.7 (10.2) 0.18 

Time from Evaluation to Imaging (visits) 1.3 (0.8) 1.2 (0.6) 0.11 

Time from Evaluation to Definitive Care (days) 0.6 (3.5) 5.0 (16.6) 0.04 

Figure 2. Diagnostic Test Properties of Ottawa Ankle Rules.        

Fracture No Fracture Total 

Ottawa Ankle Rules (+) 17 69 86 

Ottawa Ankle Rules (-) 1 76 77 

Ottawa Rules N/A 11 3 14 

Total 29 148 177 

Sn = 0.94 (0.74, 0.99); Sp 0.52 (0.44, 0.60) 
+LR = 1.99 (1.62, 2.44); -LR = 0.11 (0.02, 0.72) 

Table 4. Diagnostic Test Properties for Elements of the Patient History and Physical Examination.             

Sn Sp +LR -LR 

Foot & Ankle (n=177) 

Able to bear weight 
(patient report) 

0.90 
(0.74, 0.96) 

0.18 
(0.12, 0.25) 

1.09 
(0.94, 1.26) 

0.59 
(0.19, 1.82) 

Able to continue activity 
(patient report) 

0.45 
(0.28, 0.62) 

0.53 
(0.45, 0.61) 

0.96 
(0.62, 1.49) 

1.03 
(0.42, 2.07) 

(+) Report of “pop” 
(patient report) 

0.10 
(0.04, 0.26) 

0.89 
(0.83, 0.92) 

0.96 
(0.30, 3.07) 

1.00 
(0.88, 1.15) 

(+) Swelling 
(physical exam) 

0.59 
(0.41, 0.74) 

0.35 
(0.28, 0.43) 

0.90 
(0.65, 1.26) 

1.18 
(0.73, 1.91) 

(+) Ecchymosis 
(physical exam) 

0.24 
(0.12, 0.42) 

0.79 
(0.71, 0.84) 

1.15 
(0.56, 2.36) 

0.96 
(0.77, 1.20) 

(+) Tenderness to palpation 
(physical exam) 

1.00 
(0.83, 1.00) 

0.03 
(0.01, 0.07) 

1.03 
(1.00, 1.06) 

0.00 
--- 

Wrist & Hand (n=178) 

Able to continue activity 
(patient report) 

0.38 
(0.25, 0.52) 

0.62 
(0.53, 0.70) 

1.00 
(0.64, 1.55) 

1.00 
(0.76, 1.32) 

(+) Report of “pop” 
(patient report) 

0.07 
(0.02, 0.19) 

0.96 
(0.91, 0.98) 

1.62 
(0.42, 6.20) 

0.97 
(0.89, 1.06) 

(+) Swelling 
(physical exam) 

0.60 
(0.44, 0.73) 

0.52 
(0.44, 0.60) 

1.25 
(0.92, 1.69) 

0.78 
(0.52, 1.16) 

(+) Ecchymosis 
(physical exam) 

0.26 
(0.15, 0.41) 

0.86 
(0.79, 0.91) 

1.88 
(0.97, 3.62) 

0.86 
(0.71, 1.04) 

(+) Tenderness to palpation 
(physical exam) 

0.88 
(0.75, 0.95) 

0.09 
(0.05, 0.15) 

0.97 
(0.85, 1.09) 

1.35 
(0.50, 3.61) 

When the element was not reported in the patient note, it was coded as a “negative” finding. 

uated in an emergency department by emergency medicine 
physicians and a previous study of similar patients evalu
ated by orthopaedic surgeons and physical therapists. The 
Ottawa Ankle Rules were designed to be a screening test, 
where the -LR is the statistic of most interest. In a 2003 
systematic review, the -LR was 0.06 (0.02, 0.19) when ap
plied at less than 48 hours from injury and 0.11 (0.07, 0.18) 

when applied greater than 48 hours from injury.32 In a sim
ilar population as this study, the Sn of the Ottawa Ankle 
Rules when used by both orthopaedic surgeons and physical 
therapists was 1.0 (0.93, 1.0) (because there were no false 
negative tests, a -LR was unable to be calculated).35 In this 
study, the -LR was 0.11 (95% CI 0.02, 0.72), with a very large 
proportion of acute foot/ankle injuries (82.5%, mean dura
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tion of symptoms 10.1 days), equal to the value reported by 
Bachman et al at greater 48 hours from injury. 

Although the time from the initial physical therapy eval
uation to definitive treatment was significantly different for 
foot/ankle and wrist/hand fractures, it was less than one 
week in both regions. On average, those with foot/ankle 
fractures were definitively treated within 24 hours, while 
those with wrist/hand fractures were definitively treated in 
less than one week. According to the American College of 
Radiology (ACR) Appropriateness Criteria for acute ankle 
pain, the current clinical imaging guidelines to determine 
if radiographs are necessary are the Ottawa Ankle Rules.36 

For the initial imaging of suspected acute hand and wrist 
trauma, the ACR Appropriateness Criteria state that radiog
raphy is always indicated.37 It was not feasible to determine 
the proportion of patients that had imaging ordered and 
the ACR Appropriateness Criteria recommendations for ra
diographs are more clear for acute foot/ankle injuries than 
acute wrist/hand injuries. Differences between the two re
gions may be due to the absence of clinical decision rules in 
the upper extremity and/or the need for repeat radiographs 
to effectively rule out fractures in the early stages (i.e., 
scaphoid). 

Fractures were diagnosed by physical therapists in 1.6 
out of every ten foot/ankle radiographs and 2.4 out of every 
ten wrist/hand radiographs. While radiographs are often or
dered to rule out fractures, this means that physical thera
pists “hit the target” more frequently when ordering wrist/
hand radiographs. Keil et al retrospectively analyzed 108 
diagnostic imaging referrals by civilian physical therapists 
practicing in a direct-access setting.17 Among 13 orders for 
foot/ankle or wrist/hand radiographs, they reported seven 
fractures, which equates to 54% of all radiographs. The dif
ference in the proportion of radiograph orders that resulted 
in a fracture diagnosis may have been due to differences in 
the patient populations, although the demographics of the 
patients were not reported in the Keil et al study. 

There are several limitations to this study. The patients 
whose cases were reviewed were all young, physically active 
Cadets at a single military medical facility, which may limit 
generalizability to other populations and age groups. This 
was a retrospective study. While the patient notes for each 
case were thoroughly reviewed, providers may have made 
verbal recommendations or failed to document information 
that was not reflected in the electronic medical record. 
Specifically, when an element of the patient history or 
physical exam was missing (i.e., ability to continue play, 
etc.), we coded that element as negative. While many mili
tary physical therapists do not document all negative find

ings, this may have affected the calculation of diagnostic 
accuracy. Five board-certified physical therapists reviewed 
imaging orders and extracted results from the official radi
ologist’s report, which is a potential source of bias for the 
observational results. The physical therapists reviewing the 
cases had to make judgments on the presence or absence 
of elements of the examination when there was missing or 
incomplete information. The only cases of foot/ankle and 
wrist/hand injuries studied were those referred for diagnos
tic imaging and do not represent the entire sample of pa
tients with injuries to those regions, thus creating selection 
bias in the calculation of diagnostic accuracy. 

CONCLUSION 

Physical therapists utilizing diagnostic imaging in a direct-
access sports physical therapy clinic diagnosed fractures 
when ordering radiographs in 16% of foot/ankle cases and 
24% of wrist/hand cases. The diagnostic accuracy of the Ot
tawa Ankle Rules was similar to previously reported values 
and no individual examination item was able to assist in 
fracture diagnosis. The average time from the initial phys
ical therapy evaluation to definitive care was short in both 
foot/ankle and wrist/hand fractures. Future research should 
utilize larger data sets available in both civilian and mili
tary electronic medical record systems to explore the im
pact of direct-access physical therapy on fracture manage
ment and identify clusters of tests that may assist in the 
diagnosis of various wrist/hand and foot/ankle fractures. 

DISCLAIMER 

The opinions or assertions contained herein are the private 
views of the authors and are not to be construed as official 
or reflecting the views of the United States Army or Depart
ment of Defense. 

ETHICS APPROVAL 

Study was approved by the Naval Medical Center 
Portsmouth Institutional Review Board (RHC-A-20-051). 

Submitted: December 16, 2022 CDT, Accepted: February 13, 

2023 CDT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Diagnostic Imaging for Distal Extremity Injuries in Direct Access Physical Therapy: An Observational Study

International Journal of Sports Physical Therapy



REFERENCES 

1. Musculoskeletal Health [Fact Sheet]. Published July 
14, 2022. Accessed November 2, 2022. https://www.w
ho.int/news-room/fact-sheets/detail/musculoskeleta
l-conditions 

2. United States Bone and Joint Initiative. The burden 
of musculoskeletal diseases in the United States. 
Accessed November 2, 2022. https://www.boneandjoi
ntburden.org/ 

3. Hootman JM, Dick R, Agel J. Epidemiology of 
collegiate injuries for 15 sports: Summary and 
recommendations for injury prevention initiatives. J 
Athl Train. 2007;42(2):9. 

4. Kay MC, Register-Mihalik JK, Gray AD, Djoko A, 
Dompier TP, Kerr ZY. The epidemiology of severe 
injuries sustained by National Collegiate Athletic 
Association student-athletes, 2009–2010 through 
2014–2015. J Athl Train. 2017;52(2):117-128. doi:10.4
085/1062-6050-52.1.01 

5. Lievers WB, Adamic PF. Incidence and severity of 
foot and ankle injuries in men’s collegiate American 
football. Orthop J Sports Med. 
2015;3(5):232596711558159. doi:10.1177/2325967115
581593 

6. Wiersma AJ, Brou L, Fields SK, Comstock RD, Kerr 
ZY. Epidemiologic comparison of ankle injuries 
presenting to US emergency departments versus high 
school and collegiate athletic training settings. Inj 
Epidemiol. 2018;5(1):33. doi:10.1186/s40621-018-016
3-x 

7. Holoyda KA, Donato DP, Magno-Padron DA, 
Simpson AM, Agarwal JP. Hand and wrist injuries 
among collegiate athletes vary with athlete division. 
Inj Epidemiol. 2021;8(1):69. doi:10.1186/s40621-021-0
0363-5 

8. Hauret KG, Bedno S, Loringer K, Kao TC, Mallon T, 
Jones BH. Epidemiology of exercise- and sports-
related injuries in a population of young, physically 
active adults: a survey of military servicemembers. 
Am J Sports Med. 2015;43(11):2645-2653. doi:10.117
7/0363546515601990 

9. Teyhen DS, Goffar SL, Shaffer SW, et al. Incidence 
of musculoskeletal injury in US Army unit types: a 
prospective cohort study. J Orthop Sports Phys Ther. 
2018;48(10):749-757. doi:10.2519/jospt.2018.7979 

10. US Army Public Health Center. 2017 Health of the 
Force Report. US Army Public Health Center; 2018. 
Accessed November 26, 2019. https://phc.amedd.arm
y.mil/news/Pages/PublicationDetails.aspx?type=Healt
h+of+the+Force+Report 

11. US Army Public Health Center. 2018 Health of the 
Force Report. US Army Public Health Center; 2019. 
Accessed November 26, 2019. https://phc.amedd.arm
y.mil/news/Pages/PublicationDetails.aspx?type=Healt
h+of+the+Force+Report 

12. Hauret KG, Jones BH, Bullock SH, Canham-
Chervak M, Canada S. Musculoskeletal injuries 
description of an under-recognized injury problem 
among military personnel. Am J Prev Med. 2010;38(1 
Suppl):S61-70. doi:10.1016/j.amepre.2009.10.021 

13. Almeida SA, Trone DW, Leone DM, Shaffer RA, 
Patheal SL, Long K. Gender differences in 
musculoskeletal injury rates: a function of symptom 
reporting? Med Sci Sports Exerc. 1999;31(12):1807. do
i:10.1097/00005768-199912000-00017 

14. Daker-White G, Carr AJ, Harvey I, et al. A 
randomised controlled trial. Shifting boundaries of 
doctors and physiotherapists in orthopaedic 
outpatient departments. J Epidemiol Community 
Health. 1999;53(10):643-650. doi:10.1136/jech.53.1
0.643 

15. Ojha HA, Snyder RS, Davenport TE. Direct access 
compared with referred physical therapy episodes of 
care: a systematic review. Phys Ther. 
2014;94(1):14-30. doi:10.2522/ptj.20130096 

16. Mabry LM, Notestine JP, Moore JH, Bleakley CM, 
Taylor JB. Safety events and privilege utilization rates 
in advanced practice physical therapy compared to 
traditional primary care: an observational study. Mil 
Med. Published online July 19, 2019:usz176. doi:10.10
93/milmed/usz176 

17. Keil AP, Baranyi B, Mehta S, Maurer A. Ordering 
of diagnostic imaging by physical therapists: a 5-Year 
retrospective practice analysis. Phys Ther. 
2019;99(8):1020-1026. doi:10.1093/ptj/pzz015 

18. Crowell MS, Dedekam EA, Johnson MR, 
Dembowski SC, Westrick RB, Goss DL. Diagnostic 
imaging in a direct-access sports physical therapy 
clinic: a 2-year retrospective practice analysis. Int J 
Sports Phys Ther. 2016;11(5):708-717. 

Diagnostic Imaging for Distal Extremity Injuries in Direct Access Physical Therapy: An Observational Study

International Journal of Sports Physical Therapy

https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://www.boneandjointburden.org/
https://www.boneandjointburden.org/
https://doi.org/10.4085/1062-6050-52.1.01
https://doi.org/10.4085/1062-6050-52.1.01
https://doi.org/10.1177/2325967115581593
https://doi.org/10.1177/2325967115581593
https://doi.org/10.1186/s40621-018-0163-x
https://doi.org/10.1186/s40621-018-0163-x
https://doi.org/10.1186/s40621-021-00363-5
https://doi.org/10.1186/s40621-021-00363-5
https://doi.org/10.1177/0363546515601990
https://doi.org/10.1177/0363546515601990
https://doi.org/10.2519/jospt.2018.7979
https://phc.amedd.army.mil/news/Pages/PublicationDetails.aspx?type=Health+of+the+Force+Report
https://phc.amedd.army.mil/news/Pages/PublicationDetails.aspx?type=Health+of+the+Force+Report
https://phc.amedd.army.mil/news/Pages/PublicationDetails.aspx?type=Health+of+the+Force+Report
https://phc.amedd.army.mil/news/Pages/PublicationDetails.aspx?type=Health+of+the+Force+Report
https://phc.amedd.army.mil/news/Pages/PublicationDetails.aspx?type=Health+of+the+Force+Report
https://phc.amedd.army.mil/news/Pages/PublicationDetails.aspx?type=Health+of+the+Force+Report
https://doi.org/10.1016/j.amepre.2009.10.021
https://doi.org/10.1097/00005768-199912000-00017
https://doi.org/10.1097/00005768-199912000-00017
https://doi.org/10.1136/jech.53.10.643
https://doi.org/10.1136/jech.53.10.643
https://doi.org/10.2522/ptj.20130096
https://doi.org/10.1093/milmed/usz176
https://doi.org/10.1093/milmed/usz176
https://doi.org/10.1093/ptj/pzz015


19. Crowell MS, Mason JS, McGinniss JH. 
Musculoskeletal imaging for low back pain in direct 
access physical therapy compared to primary care: an 
observational study. Int J Sports Phys Ther. 
2022;17(2). doi:10.26603/001c.31720 

20. Borawski J, Dawson LK, Crowell MS. Anterior 
process of the calcaneus fracture following an acute 
ankle sprain. JOSPT Cases. Published online 
November 15, 2021:220-221. doi:10.2519/josptcases.2
021.10563 

21. Carreño LM, Crowell MS. Lateral process of the 
talus fracture. JOSPT Cases. Published online October 
17, 2022:1-6. doi:10.2519/josptcases.2022.11138 

22. Dauber JA, Naspinsky SR. Radial head fracture 
following a fall. J Orthop Sports Phys Ther. 
2010;40(1):30-30. doi:10.2519/jospt.2010.0401 

23. East K, Dedekam E, Goss D. Acute fracture of the 
third metacarpal in a handball player. J Orthop Sports 
Phys Ther. 2020;50(1):44-44. doi:10.2519/jospt.2020.9
034 

24. Johnson MR, Fogarty BT, Alitz C, Gerber JP. Non-
FOOSH scaphoid fractures in young athletes: a case 
series and short clinical review. Sports Health. 
2013;5(2):183-185. doi:10.1177/1941738112464762 

25. Mason JS, Crowell MS, Goss DL. Fracture of the 
scaphoid during a bench-press exercise. J Orthop 
Sports Phys Ther. 2015;45(8):642-642. doi:10.2519/jos
pt.2015.0408 

26. Shepard NP, Westrick RB, Johnson MR. Fracture of 
the capitate. J Orthop Sports Phys Ther. 
2014;44(7):541-541. doi:10.2519/jospt.2014.0408 

27. Thelen MD. Identification of a high-risk anterior 
tibial stress fracture. J Orthop Sports Phys Ther. 
2010;40(12):833-833. doi:10.2519/jospt.2010.0420 

28. Watson DJ, Dolbeer JA. C6 Spinous process 
fracture in a young adult. J Orthop Sports Phys Ther. 
2017;47(9):692-692. doi:10.2519/jospt.2017.7357 

29. Westrick RB, Diebal AR, Gerber JP. Dorsal 
triquetrum fracture. J Orthop Sports Phys Ther. 
2012;42(4):380-380. doi:10.2519/jospt.2012.0407 

30. Goss DL, Moore JH, Thomas DB, DeBerardino TM. 
Identification of a fibular fracture in an 
intercollegiate football player in a physical therapy 
setting. J Orthop Sports Phys Ther. 
2004;34(4):182-186. doi:10.2519/jospt.2004.1310 

31. Mabry LM, Severin R, Gisselman AS, et al. 
Physical therapists are routinely performing the 
requisite skills to directly refer for musculoskeletal 
imaging: an observational study. J Man Manip Ther. 
2022;30(5):261-272. doi:10.1080/10669817.2022.2106
729 

32. Bachmann LM, Kolb E, Koller MT, Steurer J. 
Accuracy of Ottawa ankle rules to exclude fractures of 
the ankle and mid-foot: systematic review. 
2003;326:7. 

33. Stiell IG. Decision rules for the use of radiography 
in acute ankle injuries. Refinement and prospective 
validation. J Am Med Assoc. 1993;269(9):1127-1132. d
oi:10.1001/jama.269.9.1127 

34. Banerjee S, Argáez C. Multidisciplinary Treatment 
Programs for Patients with Acute or Subacute Pain: A 
Review of Clinical Effectiveness, Cost-Effectiveness, and 
Guidelines. Canadian Agency for Drugs and 
Technologies in Health; 2019. Accessed January 23, 
2023. http://www.ncbi.nlm.nih.gov/books/NBK54600
2/ 

35. Springer BA, Arciero RA, Tenuta JJ, Taylor DC. A 
prospective study of modified Ottawa ankle rules in a 
military population: interobserver agreement 
between physical therapists and orthopaedic 
surgeons. Am J Sports Med. 2000;28(6):864-868. doi:1
0.1177/03635465000280061501 

36. American College of Radiology. ACR 
Appropriateness Criteria®: Acute Trauma to the 
Ankle. Accessed January 25, 2023. https://acsearch.ac
r.org/docs/69436/Narrative/ 

37. American College of Radiology. ACR 
Appropriateness Criteria®: Acute Hand and Wrist 
Trauma. Accessed January 25, 2023. https://acsearc
h.acr.org/docs/69418/Narrative/ 

Diagnostic Imaging for Distal Extremity Injuries in Direct Access Physical Therapy: An Observational Study

International Journal of Sports Physical Therapy

https://doi.org/10.26603/001c.31720
https://doi.org/10.2519/josptcases.2021.10563
https://doi.org/10.2519/josptcases.2021.10563
https://doi.org/10.2519/josptcases.2022.11138
https://doi.org/10.2519/jospt.2010.0401
https://doi.org/10.2519/jospt.2020.9034
https://doi.org/10.2519/jospt.2020.9034
https://doi.org/10.1177/1941738112464762
https://doi.org/10.2519/jospt.2015.0408
https://doi.org/10.2519/jospt.2015.0408
https://doi.org/10.2519/jospt.2014.0408
https://doi.org/10.2519/jospt.2010.0420
https://doi.org/10.2519/jospt.2017.7357
https://doi.org/10.2519/jospt.2012.0407
https://doi.org/10.2519/jospt.2004.1310
https://doi.org/10.1080/10669817.2022.2106729
https://doi.org/10.1080/10669817.2022.2106729
https://doi.org/10.1001/jama.269.9.1127
https://doi.org/10.1001/jama.269.9.1127
http://www.ncbi.nlm.nih.gov/books/NBK546002/
http://www.ncbi.nlm.nih.gov/books/NBK546002/
https://doi.org/10.1177/03635465000280061501
https://doi.org/10.1177/03635465000280061501
https://acsearch.acr.org/docs/69436/Narrative/
https://acsearch.acr.org/docs/69436/Narrative/
https://acsearch.acr.org/docs/69418/Narrative/
https://acsearch.acr.org/docs/69418/Narrative/

	Background
	Hypothesis/Purpose
	Study Design
	Methods
	Results
	Conclusions
	Level of Evidence
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	Conclusion
	DISCLAIMER
	ETHICS APPROVAL

	References

