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Abstract
Background: Over the last two decades, ultrasonography (US) has been shown to be an accurate tool for
the diagnosis of suspected bone fractures; however, the integration of this application of US into routine
care and outpatient settings needs to be explored. In this study, we surveyed German general practitioners
(GPs) to assess their knowledge, attitudes, and utilization of US for the diagnosis of suspected fractures.
Methods: Noti�cation of the study, a self-designed questionnaire, and a reminder were mailed to 600
randomly selected GPs in Saxony and Saxony-Anhalt. Results: The response rate was 47.7% ( n = 286),
and respondents did not differ from the population of all GPs in respect to sex and practice type. Among
GPs surveyed, 48.6% used an US device in their practice. On average, GPs diagnosed six patients with
suspected fractures per month, yet only 39.3% knew about the possibility of ultrasonographic fracture
diagnosis, and only 4.3% of GPs using US applied it for this purpose. Among participants, 71.9% believed
that US is inferior to conventional X-rays for the diagnosis of bony injuries. Users of US were better
informed of and more commonly used US for fracture diagnosis compared to non-users. Conclusion: The
need to rule out possible fractures frequently arises in general practice, and US devices are broadly
available. Further efforts are needed to improve the knowledge and attitudes of GPs regarding the
accuracy of US for fracture diagnosis. Multicenter controlled trials could explore the safety, usefulness,
and effectiveness of this still seldom used diagnostic approach for suspected fractures.

Background
The use of ultrasonography (US) is increasing and progressively extending to new applications in almost
all disciplines of modern medicine for procedural, screening, and diagnostic purposes [1]. As a diagnostic
instrument, point-of-care US is substantially integrated into health care in hospital and outpatient settings
[2].

In addition to the diagnostic evaluation of inner organs, blood vessels, muscles, and soft tissues, it has
been demonstrated that US has a high sensitivity and speci�city for the diagnosis of suspected bone
fractures [3–7]. The detection of cortical discontinuities, step formation, and subperiosteal hematoma
can be used as a diagnostic tool after acute trauma. In two systematic reviews Chartier et al. [7] reported
on 30 publications showing a high sensitivity (64.7-100%) and speci�city (79.2-100%) compared to plain
radiographs in patients with suspected fracture of the long bones. These �ndings were con�rmed recently
by Champagne et al [3]. Two additional systematic reviews [5,6] focused on distal forearm fractures only
and found an even higher accuracy. An overview for the diagnostic accuracy of ultrasonography used for
different fracture locations and patient groups was published by Schmid et al. [4]. Accuracy was higher
for fractures of the humerus, the forearm, the ankle, and the long bones in general, as well as fractures in
children. Accuracy was lower for fractures of the short bones of the hands and feet, as well as fractures
in adults.

The main advantages of US compared to conventional radiography are no radiation exposure, lower
costs [5], and wider availability in non-hospital settings. Moreover, evidence suggests US may have higher
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accuracy than conventional radiographs for certain injuries, such as rib fractures [8] and early scaphoid
fractures [9].

The use of US by general practitioners (GPs) across Europe varies widely, with fewer than 1% of GPs
using US in Austria, Catalonia, Denmark, and Sweden, while 45% of GPs in Germany and 67% in
Greenland use US [10]. Heidemann et al. [2] reported that ultrasound devices were available for about 70%
of German GPs, although they found lower availability of US devices (32.1% of all GPs) for the area of
former East Germany.

The vast majority of published studies on US-guided fracture diagnosis refer to observations in
emergency departments [4], while very few studies report on outpatient settings [11,12].

The aim of this exploratory study was to describe the utilization of US, knowledge and attitudes towards
fracture diagnosis based on US, and referral behavior dealing with suspected fractures among German
GPs. Differences between physicians using or not using US as a diagnostic tool and between GPs with
long or short driving distances to the nearest radiographic unit were also investigated.

Methods
Sampling and design

We performed a cross-sectional survey of GPs from the federal states Saxony (n = 2733) and Saxony-
Anhalt (n = 1445). Addresses were gained from publicly accessible registers, and the contacted GPs were
selected from the register using random numbers (n = 400 Saxony, n = 200 Saxony-Anhalt). A response
rate of about 25% was expected. Selected GPs �rst received a mailed noti�cation of the study, which was
followed by a mailed questionnaire one week later. A reminder was mailed seven weeks after sending the
questionnaire. Responses could be returned by fax or mail.

We received further pooled sociodemographic data of all GPs in Saxony and Saxony-Anhalt from the
Associations of Statutory Health Insurance Physicians (Kassenärztliche Vereinigung), including average
age, sex, and registration for reimbursement of US diagnostics.

Questionnaire

The questionnaire was entirely self-designed by the research team, which included two social scientists, a
medical student, and two experienced GPs who provided content-related input. A four-point scale was
used for all questions regarding attitudes or personal assessments. To ensure face validity, the
questionnaire was pre-tested among two groups of six GPs respectively, followed by additional feedback
discussions. After minor revisions, the questionnaire was considered feasible by pre-testing physicians
and could be completed in �ve minutes (Additional �le 1: Questionnaire translated to English). The
diagnostic scores and tools mentioned in the �nal question of the questionnaire were compiled through
an unsystematic literature search.



Page 4/15

Statistical analyses

Data was analyzed using SPSS 25 (IBM SPSS Inc., Chicago, USA). Sociodemographic characteristics of
the sample were presented descriptively (means, standard deviation, relative and absolute frequencies).
Users and non-users of US were compared in bivariate cross tabulations regarding their knowledge and
attitude towards US (relative and absolute frequencies). These differences were tested for statistical
signi�cance using chi-square tests (with Fisher-Exact correction as necessary). Further characteristics
(e.g., suspected fractures after trauma, referring patients with suspected fractures) were analyzed using
univariate statistics. The criterion of statistical signi�cance has been set to an error probability of
p < 0.05. Because of the small sample size, the inference statistics omit a correction for serial testing and
are, therefore, exploratory.

Ethics approval and consent to participate

According to the Model Professional Code for Physicians [13], an explicit ethics approval was deemed
unnecessary for this study because no personal data of patients was collected. GPs were informed in
writing about the use and publication of their anonymized data, and participants voluntarily consented by
returning a completed questionnaire.

Results
Of the 600 mailed questionnaires, 306 questionnaires were returned (51.0%), with 286 fully completed
(47.7% response rate). Of the 286 completed questionnaires, 61 responses (21.3%) were received after a
mailed reminder. A non-responder analysis showed no differences between responding GPs and non-
responders with regard to sex, academic title, and specialization.

Sociodemographic data of the surveyed sample is given in Table 1. The study sample and the total
population of GPs in Saxony and Saxony-Anhalt did not differ signi�cantly in respect to sex and type of
practice.

Table 1: 

Description of the study population: sex, type of practices, and approval for reimbursement of

ultrasound diagnostic.
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  Sample (n =
286)

Total population
(n = 4178)

95% C.I. within sample; 
 test for differences between sample and total

population
Sex      
    Male 118 / 286

(41.3%)
1642 / 4178 (39.3%) [35.6%; 47.0%] 

p = 0.489
    Female 168 / 286

(58.7%)
2536 / 4178 (60.7%)  

       
Types of practices
 

     

   Single practice 202 / 286
(70.6%)

3126 / 4169 (75.0%) [65.3%; 75.9%] 
p = 0.086

   Medical care center 23 / 286
(8.0%)

343 / 4169 (8.2%) [4.9%; 11.1%] 
p = 0.902

   Joint practice 61 / 286
(21.3%)

700 / 4169 (16.8%) [16.6%; 26.0%] 
p = 0.063

       
Approval of
ultrasound

n.a. 1609 / 4178 (38.5%) n.a.

       
Users of ultrasound 139 / 286

(48.6%)
n.a. [42.8%; 54.4%]

       
Ultrasound unit in
practices

159 / 286
(55.6%)

n.a. [49.8%; 61.4%]

Use of ultrasound

While only 38.5% of all GPs (n = 1609/4178) were registered for reimbursement of US diagnostics, 55.6%
(n = 159/286) of surveyed GPs stated that there was a sonographic device available in their practices,
and 48.6% (n = 139/286) used it. There were no differences in the availability of US devices between
urban or rural areas (major cities: 55.8% (n = 43/77); small towns: 54.7% (n = 64/117); rural areas: 58.3%
(n = 49/84); p = 0.876). The GPs using US reported performing on average 17 (mean = 16.7; median = 10;
right-skewed distribution) examinations per week. The most frequently examined structures were the
abdomen, the thyroid gland, and the kidneys (including the urinary passages). Only 4.3% (n = 6/138) of
GPs using US stated that they regularly used US for the imaging of bone structures.

Knowledge and beliefs

The beliefs and attitudes regarding the use of US for suspected fractures among GPs are summarized in
Figure 1. The majority of respondents (71.9%, n = 192/267) believed that US is inferior to conventional X-
rays for diagnosing bone injuries. While 39.3% (n = 110/280) of GPs stated to have knowledge of this
imaging modality, only 19.1% (n = 54/283) judged it as relevant for their own practice, and 7.8%
(n = 22/282) had any practical experience using US for fracture diagnosis.
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GPs using US imaging in their practice signi�cantly more often reported to have considered the
application of US for fracture diagnosis, to have used US for this purpose, and to think that fracture
diagnosis via US imaging might be relevant for their work.

Diagnostic routines and referral behavior

Suspected fractures after trauma appear to be a frequent occurrence for consultation in general practice.
Respondents estimated six patients per month visit their practice with a suspected fracture (mean = 6.4;
SD = 10.2; median = 3; IQR = 9). We asked GPs about criteria taken into consideration when deciding
whether to refer patients with suspected fractures for further imaging procedures. GPs considered
anamnesis (98.9%, n = 282/285), persisting a�ictions (97.9%, n = 279/285), dysfunctions (97.9%,
n = 278/284), and pain (96.8%, n = 275/284) to be the most relevant criteria. The presence of swellings
(93.0%, n = 264/284), their gut instincts (87.0%, n = 248/285) and hematoma (87.3%, n = 247/283) were
used as decision criteria as well. Only 33.3% (n = 92/276) of GPs rated the use of scores or other clinical
decision tools as “rather relevant” or “relevant”.

The GPs were asked whether they would refer patients with suspected fractures and if so, to which
specialty. The answers are summarized in Figure 2. GPs from major cities were more likely to refer their
patients to a radiologist than their colleagues from small towns or rural areas, whereas there was no
statistically signi�cant difference between referrals made to a surgeon or to the nearest emergency
department (Table 2). No signi�cant differences in referral behavior between users and non-users of US
were found.

Table 2: 

Correlation between practice location and referral behavior of GPs treating patients with

suspected fractures
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  Major
cities

Small
towns

Rural
areas

 

Number of practices (n = 278) 77 (27.7%) 117
(42.1%)

84 (30.2%) p-value

“If a bone fracture seems likely, where will you refer
to?”

Referral to:

       

- Outpatient surgery 60.5% 
n = 46/76

66.1% 
n = 76/115

65.5% 
n = 55/840

p = 0.711

- Radiologic department 51.3% 
 n = 39/76

22.6% 
n = 26/115

26.2% 
n = 22/84

p < 0.001

- Emergency department

 

15.8%

n = 12/76

 

27.0% 
n = 31/115

 

21.4% 
n = 18/84

 

p = 0.188

When asked to consider their level of con�dence during the diagnostic process, 9.1% (n = 25/275) of the
GPs indicated feeling totally uncertain, 24.4% (n = 67/275) rather uncertain, 49.8% (n = 137/275) rather
con�dent, and 16.7% (n = 46/275) completely con�dent. When asked about shared decision making with
patients, 98.6% (73.1%, n = 207/283 “yes, always”; 25.4%, n = 72/283 “tend to yes”) of the GPs indicated
they discuss the likelihood of a bone fracture diagnosis with patients, and 92.1% (57.6%, n = 160/278
“yes, always”; 34.5%, n = 96/278 “tend to yes”) decided on further diagnostic procedures with patients or
patients’ relatives.

In�uence of distance to radiological unit

GPs were asked if their practices were located in rural areas, small towns, or a major city. GPs were also
asked to estimate the driving minutes to the nearest outpatient surgery, radiological department or
emergency department. The answers are summarized in Table 3. 

Table 3: 

Location of practices and estimated distances to radiologic units
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  Major cities Small towns Rural areas

Number of practices (n = 278)  77 (27.7%) 117 (42.1%) 84 (30.2%)

Estimated driving times in minutes [median (min., max., IQR)]      

- Outpatient surgery 5 (0, 20, 7) 
n = 70

5 (0, 30, 5) 
n = 113

15 (0, 35, 10) 
n = 80

- Radiologic department 6 (0, 20, 5) 
n = 70

8 (1, 45, 10) 
n = 114

15 (0, 50, 10) 
n = 80

- Emergency department

 

10 (0, 30, 5) 
n = 77

 

8 (1, 40, 10) 
n = 117

 

15 (0, 100, 10) 
 n = 84

 

GPs who stated that US for the diagnosis of suspected fracture was rather relevant or relevant for their
own practice (“relevant” n = 54 vs. “not relevant” n = 229) were, on average, situated farther from their
nearest surgeon (mean [SD]: 13.0 [±9.0] vs. 8.8 [±6.6] minutes; F = 4.89, p = 0.003), radiological (mean:
14.7 minutes [SD=9.9] vs. 10.9 [±8.5] minutes; F = 6.13, p > 0.001) or emergency department (16.4 [±14.9]
vs. 11.1 [±7.7] minutes; F = 3.17, p = 0.025). A similar correlation was found for GPs who had considered
using US for fracture diagnosis. There were no correlations between the distances to the next surgeon,
radiology, or emergency department and the use of US or referral behavior.

Discussion
In this study, we surveyed a random sample of GPs in Germany (Saxony and Saxony-Anhalt) regarding
their knowledge, attitudes, and utilization of US for the diagnosis of suspected bone fractures. Although
half of the responding doctors used US as diagnostic imaging modality in their daily routine, its accuracy
and potential for detecting bone injuries were grossly underestimated. Around one-third of those surveyed
knew that US can be used in fracture diagnosis. Yet, more than two-thirds of GPs believed US was inferior
to conventional radiographs, and fewer than 8% had experience with ultrasonographic investigation of
bone structures.

In a search of recent literature, we found no comparable studies examining the use of US for fracture
diagnosis in general practice. Jacobs et al. [14] investigated the effect of the introduction of teleradiology
on the number of performed radiographic examinations for suspected fractures in a remote general
practice. The possibility of making a diagnosis by the GP reduced the number of unnecessary referrals to
the hospital, and more patients with fractures were treated in the general practice rather than the hospital.
A similar effect might be presumed for integrating US as an addition to the physical examination of
suspected bone fractures.

Implications for future practice
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We found that GPs regularly encounter suspected bone fractures, and half of all GPs own an US device.
Further evaluation of US as a diagnostic tool for suspected fractures in general practice seems promising
and possible.

For safe and cost-effective patient care, an accurate imaging modality to rule out suspected fractures is
needed. Today, conventional radiographs are most frequently utilized to make a diagnosis [7].
Radiographs are widely available in Germany, as illustrated by our �nding that 75% of the GPs from rural
areas reported the closest radiology department to be reachable in less than 20 minutes driving by car.

Our �ndings show that 43% of GPs refer their patients to the radiology, even if a fracture seems unlikely.
This �nding suggests a demand for speci�c tools with a high negative predictive value to help rule out
fractures with su�cient certainty. Consequently, the high number of radiographs might be reduced.

There are clinical scores and suggestions for evidence-based diagnostic algorithms for certain fracture
sites (e.g., Ottawa Foot and Ankle Rules [OFAR]) which help to enhance the pretest probability for
radiographic imaging. These tools might help to reduce the radiation exposure for patients, especially for
children and pregnant women who are particularly vulnerable. However, this survey revealed that GPs use
such scores only rarely to support their suspected diagnoses. The potential of combining clinical scores
and US was pointed out by Jonckheer et al. [15] and investigated by Canagasabey et al. [16] and
Tollefson et al. [17], who combined the sensitive but unspeci�c OFAR with bedside sonography, which
thereby increased the speci�city of the testing. It would be helpful to formulate such clear diagnostic
tools to include US for general practice and other outpatient settings and reduce the number of
radiographic examinations, which would avoid unnecessary costs and radiation exposure. A focused
training for physicians would further facilitate greater use of US based fracture diagnosis. Several pilot
studies demonstrated, that the skills necessary to conduct a structured examination can be taught within
a short time [18–20].

Implications for future research

Potential bene�ts of utilizing US for the diagnosis of suspected fractures in general practice need to be
carefully investigated. It remains to be seen whether fracture US in general practice can improve patients’
safety and comfort in addition to reducing costs. The diagnostic process for suspected fractures with US
should therefore be assessed in prospective multicenter studies. Further studies of test performance in
general practice or other outpatient settings with a relatively low pre-test probability for fractures should
also take into account organizational and �nancial aspects, safety, and practicability.

Two-thirds of GPs believed US to be helpful for fracture diagnosis, indicating openness for this new
application of the well-known diagnostic device. However, 71.9% of GP respondents had greater trust in
conventional radiographs than in sonographic imaging to con�rm suspected fractures. In addition, GPs
indicated radiological departments were easily accessible, with a mean driving time of only 11 minutes
from their general practice. This �nding indicates the acceptance of GPs for US as diagnostic tool for
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suspected fractures may only be improved by providing clear evidence and convenient recommendations
for daily practice.

Strengths and limitations

To our knowledge, this study is the �rst to investigate the attitudes and beliefs of GPs toward US for
fracture diagnosis.

However, this study has several limitations. The questionnaire was self-designed, and questions
assessing the feelings and attitudes of GPs toward fracture diagnosis and the use of US for this purpose
were not validated. This might limit the reliability of those results. Because of the cross-sectional design,
we relied on estimates reported by GPs of the incidence of suspected fractures.

In addition to the actual use of US in the daily practice, it would have been interesting to assess how
many GPs underwent an explicit training for US based fracture diagnosis.

The response rate achieved in our study was relatively high compared to similar recently published
surveys among German GPs [21–24] and acceptable considering international �ndings [25]. Nonetheless,
it was lower than 50%, and bias due to an overrepresentation of those GPs interested in the topic cannot
be excluded.

Our sample may not be representative of all German GPs, as  regional disparities in the presence of US
devices in general practices across the federal states have been described [2]. However, it is possible that
physicians who are routinely using US in their practice are overrepresented among respondents   (US
device available for 55.6% of the responding GPs vs. 32.1% as reported by Heidemann et al. [2]). These
physicians may overestimate the potential and bene�ts of US for fracture diagnosis. Yet, given these
�ndings of low utilization and poor knowledge of US for suspected fractures, it is reasonable to assume
the need for information and clear evidence in this �eld is even higher for the total GP population in
Germany.

Conclusion
Ruling out suspected bone fractures is a frequent task in general practice, and US devices are available
for half of the GPs in Germany. Further efforts are needed to improve the knowledge and attitudes of GPs
regarding the accuracy of US for fracture diagnosis. Multicenter controlled trials could explore the safety,
usefulness, and effectiveness of this still seldom used diagnostic approach for suspected fractures.

List Of Abbreviations
GP – general practitioner

US – Ultrasonography



Page 11/15

Declarations
Ethics approval and consent to participate

According to the Model Professional Code for Physicians [13], an explicit ethics approval was deemed
unnecessary for this study because no personal data of patients was collected. After being informed of
the study, all participants completed this anonymous survey on a voluntary basis.

Consent for publication

The participating GPs were informed in writing about the use and publication of their anonymized data
and consented by voluntarily returning the completed questionnaire.  Availability of data and materials

Anonymized survey responses obtained through this study are available from the corresponding author
on reasonable request.

Competing interests

TF is an associate editor on the editorial board of BMC Family Practice. There are no further competing
interests.

Funding

There were no sources of funding for this research.

Authors’ contributions

GLS and BK designed the questionnaire, conducted the survey, read out and interpreted the results, and
drafted and revised the manuscript. MH revised the questionnaire, analyzed the data, discussed the
results critically, and iteratively revised the manuscript. TD designed and revised the questionnaire, helped
with the statistical analysis of the data, discussed the results critically, and revised the manuscript several
times. TF had the idea for the research question, designed and revised the questionnaire, discussed the
results critically, and revised the manuscript multiple times. All authors read and approved the �nal
manuscript.

Acknowledgements

We want to thank Britt Häusler, Nicole Schäfer and Lisa-Marie Klix for their organizational support. We are
grateful to the Associations of Statutory Health Insurance Physicians (Kassenärztliche Vereinigung) of
Saxony and Saxony-Anhalt for providing the pooled data mentioned above. We also acknowledge the
efforts of the physicians that helped pretesting the questionnaire.

References



Page 12/15

1    Moore CL, Copel JA. Point-of-care ultrasonography. N Engl J Med. 2011;364(8):749–757. doi:
10.1056/NEJMra0909487

2    Heidemann F, Meier U, Kölbel T, Atlihan G, Debus ES. Wie ist die Umsetzung eines AAA-Screening-
Programms in Deutschland möglich? Gefässchirurgie. 2014;19(6):564–567. doi: 10.1007/s00772-014-
1328-8

3    Champagne N, Eadie L, Regan L, Wilson P. The effectiveness of ultrasound in the detection of
fractures in adults with suspected upper or lower limb injury: a systematic review and subgroup meta-
analysis. BMC Emerg Med. 2019;19. doi: 10.1186/s12873-019-0226-5

4    Schmid GL, Lippmann S, Unverzagt S, Hofmann C, Deutsch T, Frese T. The investigation of suspected
fracture-a comparison of ultrasound with conventional imaging. Dtsch Arztebl Int. 2017;114(45):757–
764. doi: 10.3238/arztebl.2017.0757

5    Katzer C, Wasem J, Eckert K, Ackermann O, Buchberger B. Ultrasound in the diagnostics of
metaphyseal forearm fractures in children: A systematic review and cost calculation. Pediatr Emerg Care.
2016;32(6):401–407. doi: 10.1097/PEC.0000000000000446

6    Douma-den Hamer D, Blanker MH, Edens MA, Buijteweg LN, Boomsma MF, van HeldenSH, et al.
Ultrasound for distal forearm fracture: A systematic review and diagnostic meta-analysis. PloS One.
2016;11(5):e0155659. doi: 10.1371/journal.pone.0155659

7    Chartier LB, Bosco L, Lapointe-Shaw L, Chenkin J. Use of point-of-care ultrasound in long bone
fractures: A systematic review and meta-analysis. CJEM. 2017;19(2):131–142. doi:
10.1017/cem.2016.397

8    Chan SS-W. Emergency bedside ultrasound for the diagnosis of rib fractures. Am J Emerg Med.
2009;27(5):617–620. doi: 10.1016/j.ajem.2008.04.013

9    Jain R, Jain N, Sheikh T, Yadav C. Early scaphoid fractures are better diagnosed with ultrasonography
than X-rays: A prospective study over 114 patients. Chin J Traumatol = Zhonghua chuang shang za zhi.
2018;21(4):206–210. doi: 10.1016/j.cjtee.2017.09.004

10  Mengel-Jørgensen T, Jensen MB. Variation in the use of point-of-care ultrasound in general practice in
various European countries. Results of a survey among experts. Eur J Gen Pract. 2016;22(4):274–277.
doi: 10.1080/13814788.2016.1211105

11  Ko C, Baird M, Close M, Cassas KJ. The diagnostic accuracy of ultrasound in detecting distal radius
fractures in a pediatric population. Clin J Sport Med. 2017. doi: 10.1097/JSM.0000000000000547

12  Dallaudière B, Larbi A, Lefere M, Perozziello A, Hauger O, Pommerie F, et al. Musculoskeletal injuries in
a resource-constrained environment: Comparing diagnostic accuracy of on-the-spot ultrasonography and



Page 13/15

conventional radiography for bone fracture screening during the Paris-Dakar rally raid. Acta Radiol Open.
2015;4(5):2058460115577566. doi: 10.1177/2058460115577566

13  Bundesärztekammer. (Muster-)Berufsordnung für die in Deutschland tätigen Ärztinnen und Ärzte: –
MBO-Ä 1997 – in der Fassung des Beschlusses des 118. Deutschen Ärztetages 2015 in Frankfurt am
Main. 2015. http://www.bundesaerztekammer.de/�leadmin/user_upload/downloads/pdf-
Ordner/MBO/MBO_02.07.2015.pdf. Accessed 09 Dec 2019.

14  Jacobs JJWM, Jacobs JPAM, van Sonderen E, van der Molen T, Sanderman R. Fracture diagnostics,
unnecessary travel and treatment: A comparative study before and after the introduction of teleradiology
in a remote general practice. BMC Fam Pract. 2015;16:53. doi: 10.1186/s12875-015-0268-z

15  Jonckheer P, Willems T, De Ridder R, Paulus D, Henningsen KH, San Miguel L, et al. Evaluating fracture
risk in acute ankle sprains: Any news since the Ottawa Ankle Rules? A systematic review. Eur J Gen Pract.
2016;22(1):31–41. doi: 10.3109/13814788.2015.1102881

16  Canagasabey MD, Callaghan MJ, Carley S. The Sonographic Ottawa Foot and Ankle Rules study (the
SOFAR study). Emerg Med J. 2011;28(10):838–840. doi: 10.1136/emj.2009.088286

17  Tollefson B, Nichols J, Fromang S, Summers RL. Validation of the Sonographic Ottawa Foot and
Ankle Rules (SOFAR) Study in a large urban trauma center. J Miss State Med Assoc. 2016;57(2):35–38.

18  Dallacker-Losensky K. Ultraschalldiagnostik in der ambulanten truppenärztlichen Versorgung zur
Notfalldiagnostik von Sprunggelenksverletzungen – Chance zur „Neustrukturierung“ der
Behandlungsalgorithmen? Wehrmed Monatsschr.  2016;11.

19  Marshburn TH, Legome E, Sargsyan A, et al. Goal-directed ultrasound in the detection of long-bone
fractures. J Trauma. 2004;57(2):329–332. doi: 10.1097/01.ta.0000088005.35520.cb

20  Heiner JD, Baker BL, McArthur TJ. The ultrasound detection of simulated long bone fractures by U.S.
Army Special Forces Medics. J Spec Oper Med. 2010;10(2):7–10.

21  Frese T, Steger K, Deutsch T, Schmid GL, Sandholzer H. Use of point-of-care tests among general
practitioners: a cross-sectional study in Saxony, Germany. Rural Remote Health. 2016;16(1):3552

22  Behmann M, Schmiemann G, Lingner H, Kühne F, Hummers-Pradier E, Schneider N. Job satisfaction
among primary care physicians: results of a survey. Dtsch Arztebl Int. 2012;109(11):193–200. doi:
10.3238/arztebl.2012.0193

23  Goetz K, Mahnkopf J, Kornitzky A, Steinhäuser J. Di�cult medical encounters and job satisfaction -
results of a cross sectional study with general practitioners in Germany. BMC Fam Pract. 2018;19(1):57.
doi: 10.1186/s12875-018-0747-0



Page 14/15

24  Allers K, Fassmer AM, Spreckelsen O, Hoffmann F. End-of-life care of nursing home residents: A survey
among general practitioners in northwestern Germany. Geriatr Gerontol Int. 2019. doi: 10.1111/ggi.13809

25  Creavin ST, Creavin AL, Mallen CD. Do GPs respond to postal questionnaire surveys? A comprehensive
review of primary care literature. Fam Pract. 2011;28(4):461–467. doi: 10.1093/fampra/cmr001

Additional File Legend
Additional �le 1: Questionnaire translated to English.

Filename: Additional �le 1.pdf

Figures

Figure 1
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Knowledge, beliefs, and attitudes toward US for the diagnosis of bone injuries of GPs who use US
compared with GPs who do not. Data is given as percentage of all responses to the respective question
(n). The p-values refer to the corresponding null-hypotheses that there are no differences between both
groups.

Figure 2

The referral behavior of GPs for patients with suspected bone fractures is visualized for the cases that a
fracture was (a) likely or (b) unlikely. Data is given as percentage of all given answers to the respective
question.
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