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Background

Pediatric fractures are very common anany of thesénvolve thedistal radius Juvenile
bonesare different in structure compared to adults and display a different panorama of
injuries and treatmentRadiographs arthe gold standardbut reentstudies have shown that

ultrasonography can hesedto diagnoseskeletal injuries

Purpose
We ainedto sedf point-of-care ultrasonographyerformed byphysiciansunpracticed to
ultrasanographywas as good asadiographsn finding and diffemg between complete and

incomplete distal radius fracturéhe research question sseowhich extenultrasonogaphy



coulddecreas¢he need ofadiograph® Possible advantagésme, economy andadiation)in

using fewer radiographs in favor of ultrasonography wieseussed

Study design

Comparative study

Methods

The data wabased on a population, three to sixtgears old, which atterdic hi | dr end s
medical servicewithin three daysfter trauma Study physiciansormedtheir opinion on if a

fracture wa present aftaultrasonographgxaminations and radiograpfespectively, lte
ultrasonography assessment whsded to the radiograph€rosstabh | at i on wi t h Coh
Kappa and @e-sample Ttestwas used ilBM® SPSSStatisticsto analyze interater

agreement.

Results

A total of sixty-nine patients were included in the study. The study physicizarsaged to
correctly assess fiftgight out of sixtynine (84%) @5% CI, 7593) cases compared with
radiograph assessmefitie study physians managed to diagnoak fractures with an

overestimation by two but classified five complete fractures as incomplete.

Conclusion

Pointof-care ultrasonography performed by physicians without former education on
ultrasonography has a big potential in reducing the number of radiographs needed.rtHoweve
furtherresearch is recommended to estahtigire accurate criteri@hen differing between

incomplete and complete fractures.

Key words

Distal radius fractureshildren, ultrasonography, pohaff-care ultrasonography



BACKGROUND

Development, anatomy and physiology of the juvenile forearm

Radius and ulna are two of the uprpugh extr emi
erdochondral ossificatioffl), which means that thereagprenaal model createdf cartilage.

This cartilage model is later progressively replaced by bone from a number of centers, called

primary and secondary centers of ossifiqafios e-iguredo)(1).

The primary center of ossification normally appears prenatally in most long fdotasarts
with a calcification of the central surfackthe cartilage mod€lL). blood vesselthen
penetratento the centrapart of the cartilage mod#ius providng ossification from the
centralpart and oufl1). Through theblood vessels a variety of cells have the opportunity to
enter the developing bone, of importance are those who createahiednestructure and
those who reabsorb the broken down cartifdgeThe primary center of ossification creates

what is later called the diaphysis

The secondary centers on the contrary appears afteahotiihbeginsin a similar way with
blood vessels garing both ends of the cartilage model providing ossification of the ends
which will later be called the epiphys@s. Since both the primary and the secondary centers
are created eariy the developmental period (seEable10) there need to bespace between
them in order to maintain growth of the long bgrtbs space is called the phyaisd consist

of the remnant cartilage from tloeiginal model(1).

A big advantage of usingartilage physigs a growth mediunmstead of bone is the growth
rate. Since bones hard and slowly remodelits growth rate issbout some millimeters a year,

but usingcartilage as a growtmediuminsteadresults in several centimeter a y€hx. Its
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extensive growth rate is furthermore held up by a big amount of blood vessels entering the

bone providing nutrition almost solely from the ends of the b(i)e

The long bones are done growing when bbthgroximal and the distal physare closedl,
2)( s €Tabletn). After that long bones oplremodel and restructure accordingdo
examplephysicalload and hormonal responséBigure10 showsthe developmertf

endochondral bones in a general outline.

Copyright© 2015Christian Tingstrém f

Figure 1, The development obhg bones: Cartilage model (a), central ossification (b), creation of primary
of ossification with entrance of blood #ets (c), creation of secondary centers of ossification with entranc
blood vessels (d), growth and creation of the proximal and distal physis (e) and closure of the physes w
creation of articular cartilage (f).

The proximal physes are created later and closed earlier than the dists patydifferent
growth rates are observed in the radius and. intheradius thedistal physiontributes
with 75% of toal growth and the proximal phystentributes with the remaining 25%. The
condition is almost reverse itheulna where thalistal and proximabhyses contributes with

20% and 80% respective{®).



The centers of ossification appears on different occasions during the developmental period
and also differs between gendéts?2) fiTable10 presentsn what year after birth secondary

centers appear and physes close in boys andrgaigeragg?2).

Table 1, Secondary centers of ossification appearance and closure of physesiikeand ulna in males and femals
respectively. Given numberseaaverage values for all categories.

Bone: Sex Distal secondary Distal physis Proximal Proximal physis
center closure secondary center closure
appearance appearance

Radius: Male 1 year 19 year 5 year 1517 year

Radius: Female  lyear 17 year 4 year 14-15year

Ulna: Male 6 year 19 year 10 year 14-17 year

Ulna: Female 5 year 17 year 8 year 14-15 year

There are somienportant difference betweehd skeletal anatongf children and adults.
Adult long bones are constructed through two msijarcture typescortical bone and
cancellous bongl). Both structures are composed of the same components but differ in
density and proportiong€ortical bone is a compact structuvhereas cancelloushe isa
porous structure organized in networks to decrease weight and increase the area exposed to
surrounding tissudlhereforecancellous bone has immense contact with nutrition through
blood and hence has a great capacity of remodéliognpact bonés very slowly remodeled
due to low exposure to surrounding tissudse bone tissue, independent of type, are
organized in layers with collagenous fibers perpendicular to one another (lamellar
bone]1).The importance in having twdifferent types of stictures liesn its ability to

tolerate agreat load as possible and at the same hiave the lowest possible weighy.

This also means that the adult bones cannot tolerate such a big deformation before they

fracture(3).

In children however bones present a greater plasticity and elaptcity because of a lower

degree of calcification. Thimears that the bones can withstand a greater angular force before



they fracture. Instead such forcasmetmeslead todeformities of the bones through

buckling, creating what is oftereferred to as an infraction or a fiies fracturg(3).

Anotherdifference between juvenile and adult bones is the thickness of its surrounding
periosteal sleevE). Children have a very thick periosteal sleeve sleates as a support
when creating and remodeling borigs3, 4) Moreover,the periosteal sleeve isigtit and
rigid structure in children thamechanicallyhelps thebone not to fracturethen put under

angular loadThis periosteal sleeve then diminisleshickness athe child get®lder.

A third important factors therelative rigidity and strengtbf bones, muscles and ligaments
in joints. Children have as noted more plastic and elastic bones than adults but on the other
handchi dr en6s | i g a nThenefore a f@rcéeat nermally givgsea fuxation in

adults insteadontracs a fracturein children(1, 4)

When a bone igé&ctured it healguite similar to other tissues. The fnae leads to exposure

of both cell bound factors and diffusing factors that affect immature connective tissue cells
(). These connective tissue cells then differentiate towards bonditageacells and

migrate to the site of the fractute induce the creation of new bone tis¢ie However,

when repairing fractures there is a faster creation of bone tissue thanheheEmes are

initially created(1). This implicates that the structure of the newly created bone assu#

the woven type rather than the lamellar t¢pe In extension this leads to a bone tissue that is
weaker than the nefmactured bone tissue since the woven bone is not organized in layers
with perpendicular directions of the reinforcing collagen filfgysGradually due to loading

the bone tissue will however remodel towards a more organized structure with mostly

lamellar bonehus slowly creating a stronger bofig.



The periosteal sleevsalso of help in healing the fracture since it both helpkolding the
fragments in place mechanically and has hypertrophic abilities that can help regenerating

bone tissue and thus shortezaling time(1).

The speed with which healing of a fracture is done in a child also very much depend on how
old the child ig1). A younger child heals its fracture faster than an older child or adult. Data
suggests that femur fractures for example heals over two weeks in a newborn but over six to
eight weeks iran older child and over about thn@@nth in an adulgl). If the child is

younger than eight to ten years old remodeling of the bone is nearly always done perfectly but

the healing of older children®Bs bones more c
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Figure 2, The anatomy oftte forearm: Proximal part of metacarpal bones (a), carpal bones (b), ulna (c), radius (d) a
part of humerus (e).

The wrist is formed by a number of borfes d-igure®0). Those are the two long bones of
the forearm and the eight carpal bones of the hand, the most proximial particular. These
bonescontribute to a wideange of movemerdf the wrist. The carpal bones hditde
individual movemenbut together they are creating a series of small joints in between
themselves that lead to bigger movement ranges. The four most proximal carpal bones
ariculate with thecartilage surface on the distal ends of the radius and ulna (radius in
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particular).This creates bigger rangé movement in the wrist that accounts for the major
part in both flexion/extension and radial/ulnar deviation. The forearm lzoadsed
regardingmovement in the frontal plan&he una (olecranon) embraces the distal humerus
cartilage surface and cannot rotate whhikeradius (lateral to ulna) is able to rotate in its
position.This gives the wrist its ability to pronate angmate because when doingtee
radius can cross over the ulna (pronation) or remain parallel @igpin During pronation
and supination the radius slides on the cartilage surface of the distal ulna in a circular
movement in what is called the radipal joint. This crossing over feature also gives the

elbow the possibility to flex or extend at all time, independent of the position of the hand.

Panorama of injuries and their causes

Muscul oskel et al i njuries ar e depanmentsind equent
fractures play an important role counting for approximately 20% @laaiknts(6). A big

portion of these cases pres@macturesn the distal forean after traumd2, 7). Some data

suggest that more than 30% of all child fractures are located to the fdfgamnu some data

suggests between 20% and 3(®%

Trauma to the forearm can lead to a variety of conditions ranging from no skeletal damage to
total fracture of the radius, the ulna or both. It is sometimes difficaeterminavhether a

fracture is present or not since all types of injuries canecwith swelling of the forearm,

making it hard talinically reveal deformitie®f the bonesNormally injuries of the distal

forearm bones are classified as infractions, greenstick fractures, total fractures involving the
metaphysis or the epiphysis &ger with physeal fractures classified according to the Salter

HarrisCl assi f i c aFiguedd (aSdtiledds ee 0
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Falling on an outstretched arm is by far the most common cause of pain istéhBcearm

(2, 7). Over the last 40 years this mechanism has increased by approximately 40% since sports
and other physical activities hadOtheecome a
injury mechanisms include knock on the hand and arm with various sports material such as
balls, bats or stick®/loreovercollisions or simply falling without an outstretched arm can

result in pain in the distal forearm and wriSince all mechanisms referred to above are

caused by low energy traumas it is likely to assume low energy trauma is responsible for the
biggest portion of all distal radius fractures. High energy traumas can of course also result in
distal radius fracturebut in those caset is more likely, compared wilbw energy traumas,

that the distal radius fracture is not isolated.
3 4
= i@
5:1 5:2 5:3
5:4 5:5
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Figure 3, A presenttion of distal adius fractures in a general outline: No fracture (1), infraction (2), greenstick fract
(3), metaphyseal fracture (total)(4) and physeal fracture {98t1-5).

Since the ulna is responsible foetktability of the forearm withs situation as fixed with one

direction in the elbow jointrad the radiuss responsible for handlifgrces projected through
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the hand, it is easy to see why the radius is more frequently injured than the ulna. As well as

falling on an outstr et ch e dDevelapmdnt, anetbmyanadv e me n't

physology of the juvenile forearmm p %) gikcreate a force on the radius and if a skeletal

injury is present pain will most certainly arise.

Standard procedure for diagnosis and treatment in the emergency department

Normally traumato the forearm with resulting pain or d@uofort ishandled through clical
examination and radiograpi®efore clinical examination a basic medical history is obtained
with special focus on the mecham of injury. The clincal examinationncludes inspection

of possible swelling or angulations of the foreastalttishing that there is npain over the
clavicle as well as shoulder and the brachium. The examining physician also tries to rule out
pain in the elbowby palpating the medial and lateegdicondylesandthe olecranon)

proximal radiugby palpating the head of the radial boaay§l bones of the harfdy palpating

the metacarpal bones and the carpal bones together with examination of the scaphoid bone)
After that flexion and extensian ebow and wrist are tested together with pronation and
supination of the hand to investigate if there is pain and in which locaiorteermore the
examining physician check the sensibility, mobility and capillary functions of the hand, called

a distal satus.

When the clinical examination is colefe the patient undergoes a radiogregxamination
The radiograplis the goldstandard for findindgracturesand deiding treatment for this type
of injuries andan overwhelming majority of the distal foreapain cases are examined
through radiographdn theEmergency Department, Sahlgrenska University Hospital,
Drottning Silvias Barnsjukhus, Ostra Sjukhuset, Gothenbrttgppedists and assistant

physicians normally decides treatment based on their owrsassessupon the radiographs of

the distal radius, without reading the radi

12
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The quality of radiographsan be expected to be very high. This is because the wrist is a
relatively tiny target with at much surrounding soft tissue spite @ the lowered radiation
level compared to examining adults the wrist constitutes a relatively clear target and gives the

opportunity of high quality image$he size of the wrist gives more detailed images.

Copyright© 2015Christian Tingstrém

Figure 4, The normal plastempdint used on inconipte fractures.

Depending on the findings the clinical exarmation combined with the radiograpaseries
of outtomes are possibl&lsually if a fracture is present the radius is involved, sometimes

both radius and ulna are involved and morelyaonly the ulna is involved.

Table 2, Possble fracture ypes of the distal radius and descriptions to match.

Fracture type Findings in addition to pain and possible swelling of soft tissue or
deformity
Infraction The trauma has forced the bone to compress on either or both the vo

and dorsal sie. No discontinuation of the bone cortex is seen. If only ¢
side is bent the other side is normal.

Greenstick fracture The trauma is big enough to create a discontinuation in the bone cort
either the volar or the dorsal side. The other side imaloor bent but
with continuation of the bone cortex. The thick periosteal sleeve can |
keeping the bone/fragments in place.

Metaphyseal fracture  Total fracture of the bone on a metaphyseal level. Like the greenstick
fracture the fragments can be h#lglace by the thick periosteal sleeve

Physeal fracture Total fractue of the bone engaging the physisaddition to that the
epiphysis and the metaphysin be involved too. The physeal fractures
are classified according to the Salter Harris clasdibn syster(4).

1 SH I Fracture aly engaging the physis

9 SH II: Fracture cutting through the péis and metaphysis

1 SHIII: Fracture cutting through the physis and epiphysis

1 SH IV: Fracture cuthg through the metaphysis, physis and
epiphysis

1 SH V: Compression of the physis

13



One of thedifferencedn treating younger or older children is th#fetentlevels of
deformity couna s a ¢ ¢ dable3 bhbwswhichiangulations are normally considered
acceptablelf the deformity exceeds the acceptable level reposition is normally n€edéd

8). Reposition can be performed in general or local anesthesia.

Table 3, Acceptabledeformityand displacementf the distal radius fractures for three groups of patients.

Deformity <8-10 years old >8-10 years old Adult (comparison)
Dorsal angulation <20-25 degrees <15-20 degrees <20 degrees

Volar angulation <10 degrees <5-10 degrees <20 degrees
Lateral displacement <% bone width <Y, bone width <4 mm

oTable4o gives an overview dfow fractures of all kinds in the distal radius, the distal ulna or
bothare treatedl, 2,4, 8,9)Aregd ar cast cFaguredd Ehe differerte i n 0
between the younger and the older group of children is that the younger can normally use the
shoter alternative of immobilizatiowhile the older children are usuallymeed of the little

longer alternative§8). Also the localization of a fracture is important hence a more proximal

fracture need a longer cast treatm@nt

14



Table 4, Treatmeng and ontrol regimes for three groups of patients and the different types of fractures. If nfiespdoe
fracture has acceptaldeformity.

Fracture type

<8-10 yearsold

>8-10 yearsold Adult (comparison)

Infraction

Greenstick fracture

Metaphysed fracture
with acceptable
angulations

Physeal fracture
without dislocation

Physeal fracturewith
acceptable angulation

Inacceptable
angulations

Elastic tubular bandag
or 34 weekplaster
splintthat is taken off
in the homefollow-up.
3-5 week plaster splint
that is taken ofin the
home. No followup.
Semi circular cds
Radiographic control
7-10 days

3-4 week Semi circular
cast that is taken off in
the home. No revisit.
3-4 week Semi circular
cast.Radiographic
control 57 days
Paossibly repositioor
surgery Contact an
orthopedist.

3-4 weekplaster splint -
that is taken dfin the
home.follow-up.

3-5 week plaster splint -
that is taken off in the
home. Nafollow-up.
Semi circular cast.
Radiographic control
7-10 days

3-4 week plaster splint
that is taken dfduring
revisit. Radiographic
control. Elastic binding
can be used for
comfort after that.

3-4 week Semi circular
cast that is taken off in
the home. No revisit.
3-4 week Semi circular
cast.Radiographic
control 57 days
Paossibly repositioor
surgery Contact an
orthopedist.

Possibly repositioor
surgery Contact an
orthopedist.

All pediatricfractures can be divided into subgroups depending on their treatment. This is

s h o wnrabies. ©

Table 5, Fractures in subgroupgpending on their treatment.

Subgroup by treatment

Fractures

No treatment or elastic tubular bandage

Cast that is taken off in

the home after #

weeks, with no control radiograph or revisit

Possible reposition or surgery, cast and
control radiograph together with revisit

No fracture.

Infractions and greenstick fractures with
acceptable deformitypPhyseal fractures without
dislocdion.

Metaphyseal, epifyseal and physeal fractures.
fractures with inacceptable deformity

Possibilities of using ultrasonography in examining bones

There are somstudieson the subject, most of them written in the last 15 years. When it

comes to articles about ultrasonography as a diagnostic tool for exaimomeg in general
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anddistal radius (and ulna) particularthe great majority of studies are produced aldst
five years (2010 onwar0-20). This indicates that there should be evidence on the subject
available However most of the studies hawery varying settingdiTalde 50 presents

summary on the current edce on distal radius diagnostics usitigasonography.

Table 6, Summary @ the current evidence on diagnostic ultrasonography in distal radius fractures

Factors to compare Summary of the studies

Patients: Number and age The number opatients included @re very varying, from 26 to 21:
The patients included also differed in age froi ¥ears old up to
12-25 years old.

Bones:Types Most studies have focused on the distal radius even though sor
them also have included all sorts of long bone injuries. One or t
studies have set their limits to injuries in all bones.

Physicians:Number, role and The authors have either performed the study with experienced

experience ultrasonographists or do notgsent their experience at all. Only
Patel D et al. present a study where physicians without any
experience of ultrasonography conduct the examinatiren the
number of physiciagvaries a lot which could meémat they have
different experience of ultsmnography. Mositudies used
pediatricianshowever some studies used radiolagi®r the
authors themselvgserformedthe examinations.

Ultrasonography: The most common settingas that study physicians did get an

Introduction introduction to ultrasongraphy beforbkand during half an hour to
two hours. Some studies had no previous introduction and in ot
two the study physicians went through a licensed education.

Statistics Sensitivity and The sensitivity and specificity were overhlgjh. Mean sensitivity
specificity was 939% (73%100%) and mean specificity was 9% (69%
100%)

From this summary one can conclutiat many studies have tried to shdww
ultrasonography coulde used to display distal radius fractu@sly one of the studies,
however,involve physiciansvithout former ultrasonography experienogerforming the
ultrasonography examinatioasd the rest doot show what experience the physicians have
in ultrasonographyThis is in one way good because it implicates that ultag@phycanbe

a sufficiently good tool to find and categorize distal radius fractures. It is also a problem

because most physicians working in the emergency depart@estery little or no

16



experience in performing ultrasonography examinations. Sens#ivd specificity are
overall high but they are expected to be even higher if only distal radius is studied. Some
studies (Weinber§ R et al., Waterbrook A L et al. and Hiibner U et al. for example) included

all long bones or all bones and got the lovgestsitivity and specificity resul{d0, 17, 20)

INTRODUCTION
None of the previous studies (see fAPossibildi
pagelb5) were assembled thveay this studyneededo be in orderto explore if
ultrasonography can be used as a kind of advanced triage in order to decrease the need for
radiographsThree differences between this study and previous research are:
91 This research aimed to focus only the distal radius.
1 This research aimed to simulate the conditionsiaraergency departmenthere
physicians without former experience in using ultrasonogrami.
1 This research aimed to find if poinf-care ultrasonographgan function asra
advaned triage method to sort out which patients need a radiographic examination

and which patients only need to receive a cast or no treatment at all.

The followingsection is meant to preseeason®n why thisresearchs motivated both in

t he pand etnhtebsemer gency departmentds perspect

To begin with, he lead times in the emergency department and radiology department are of
importanceThe average for the entire emergency department (not only orthopedics) when it
comes to waiting time beforadiographic examination is currently foidgven minutes in the
Emergency Department, Sahlgrenska University Hospital, Drottning Silvias Barnsjukhus,
Ostra Sjukhuset, Gothenbu@l). The average procedure time for all radiographic

examinations currently seventeen minutgxsl). In comparison the ultrasonograph

17



examination takes about fite ten minutes dependjron degree of difficulty. It can also be
done immediately after the physical examination when the patient is still in the ekiamina
room. Thereforelltrasonographgouldtheoretically decrease the lead times in the emergency
department anomprove theflow of patientssubstantiallyHowever, with this procedure the

consultations are expected to be slightly prolonged.

Secondly using fewer radiographs favor of ultrasonography wouldost certainly decrease
the costs for fracture diagnostics of thealisadius. A singleadiographic examinatioof the
wrist is not veryexpensive737 SEK. The big amounts of wrists examined every year though
are causing lgh total costs. In the present Emergency Departrisamigrenska University
Hospital, Drottning Silias Barnsjukhus, Ostra Sjukhuset, Gothenlegtotal cost for

primary radiographsf the wrist wago just above 70000 SEK for the first half of 20142).

Not taking variation over the year count one could expect the yearly cost to reach a total of
about 1400000 SEK. These costs are only for thdiograpls, personnel time and salary are
not takenn count. The price of a portablétrasonography apparatusdikhe one used in our
studycost about 25000 SEK according to our contact at SECMA £&8). The lifetime of

an ultrasonography apparatus of this kind or how often it needs reparation is not known.
addition to the ultrasonography apparatus transmission gel is needed to perform examinations.
This gel normally costs abb@0 SEK per 100 ml, whictsienough for approximately ten to
fifteen examinations. Taken in calculation that thareapproximately 1900 primary
radiograph®f the wrist every year in the emergency department of Sahlgrenska University
Hospital, Drottnilg Silvias Barnsjukhus, Ostra Sjukhuset, Gothenburg the cost for all these
patient being examined by ultrasonography irngteauld lead to a total of 200to 1900

SEK per year for transmission gel.
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Also, fewerradiographsvould lead to fewer children egped to radiation in this group of
injuries.A single wrist examination involves very little radiation and numerad®graphic
examination®f the wist would probably be needed to incretserisk of getting cancer.
However, even if there is a smabkiof developing cancer and no vulnerable organs are
present in the area of the wrist, there is still a risk. In addition children are more susceptible to
radiationand have a longer life expectancy which are two reasons why the risk of developing

cancer $ bigger in children than adul®4).

Another aspect is the quality of the imagé#hen a patient, and especially a child, ipamn it

can bedifficult in several ways to achiesfficiently goodradiographsThe patient can (due

to pain) be unable to pronate or supinate the hand and therefore have difficulties placing the
wrist in the exact position. This can lead to images that aftlglirotated and therefore

difficult to assess. In the warsase scenarithe radiographare so difficultto assess thaew
radiographs are needélhe physician needs to assess the images in order to deéerm

whether they are of sufficient quality or ndhe inability of a child to sit still also makes

good radipgraphs merof a challengeTlhat the target is completely still is of great

importance to get assessable imagkd.being able to sit still due to pain may also be a
problem when examining with ultrasonography, but the possibilities to calm the child through
sitting on t he p abiggen Also éhe positiereof theramn is not crucial to the quality

of the images when examining with ultrasonography.

Last but not least it is important that tttald can feel safe and secuiidat is easier to

maintain if thechild meetdewer health care workerBeing able to use the ultrasonography

technique for examinatioriraadyin the emergency department could save the child from
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visiting the radiology department. The effect of this could be that the child only meets on

physician and two or three nurses insteadas$ibly five nurses and twphysicians

AIM

The project aims to investigate if poiot-care ultrasonographperformedby

ultrasonography novice physiciarsn be used tdetect fractures in the distal radi The
hypothesis is that ultrasonography, in the hands of inexperienced orthopedists and assistant
physicianscan triage all patients into three groups depending on expected treatment and

follow-up.

Moreoverthe project aims to discuss whether usiiigasonography can breore timesaving
and economical or not. The discussion will also inclagaragraph on how the results in this
project could affect the total radien dose given to childremvhat that could implyand what

future research projects ddufocus on

ETHICS

This studytogether with the research worktaé Emergency Departme@ahlgrenska
University Hospital, Drottning Silvias Barnsjukhus, Ostra Sjukhuset, Gothenburg has
completed its application for conducting the study in accordanbethgtprevailing
regulations from the Etikprovningsnamnden (EPN), Gothen{@%) The approval indates
thatthe WMA Declaration of Helsinki and Human Rights according to The United Nations
were taken in accounPermission was grant&®1502-09, Dnr95614( see A EPN

permissio®@ appendi x No

Information, informed consent and confidentiality
Patients fitting the criterion for inclusion but not the criterion ®xclusion( see A St udy

popul at R2darrived tp thegemergency dagment and mt someone from the
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research groumitially. The researcher presenta@l information about the study together
with written information in both a normal and an easy read version. If the patients and their
parents approvkparticipation in the study they sigd a form of consent that wéater kept

with the confidential materialof the study. Routines for stiog patient related materialsea

described below (2ee fiData storingo page

Ethical considerations

In this section the project is treated through the Medical Principles of E@tientsvere
well informed that they coulduit participation at angime without it affecting the
examination and thetreatmentthey wouldstill get the same treatment as similarly injured
patientsthat were notin the study. Patients also ht ability righ from the start taleny
participation in the studyThe study wee not meant to benefit the individual patienthe
research situation, radiographsrethe gold standard and determitiéhe treatnent. However
the patient gban exta examination of tharm and couldee for herself if, anih that case
where the injury wa. This mayhavebenefit the patient through better alternatives for the
physician to explain in #tnexamination situation what hadppenedThe examination wa
nor-invasiveand involvel noradiation or contrast medium that néede swallowed or
injected.For manypatients the ultrasonography examination was performed whiteng for
theradiographicexamination Normally when a patient attend the medical services with this
type of njury the great mjority are examined with radiograpégen thogh exceptions can
be made theoretically. In thssudy all patients underwerddiographic examination as well
However one can say that thereswat compelety identical treatmemttween thetudy
population and those not included in the study since the studyatiopuin addition to the

radiographsgotanother examination with ultrasonography.
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MATERIALS AND METHODS

Study population

To reach the desired level of evidence based ostpypower analysis of the injies

studied a study group of 13@&tients was considered a minimubhe sample sizeas
depending on 80% power and p<0.05 together with normal distribution, estimating that
ultrasonography would find 75% of the fracturébe paientswere seekingmedical care at

the Emergency BpartmentSahlgrenska University Hospital, Drottning Silvias Barnsjukhus,
Ostra SjukhusetGothenburgPatientsvere included from the end of February 20@%he

end of May 2015.

Criterion for inclusion
Patients werencluded if theywere of age from 3 to 16 years alddhadbeen exposed to a
anytrauma resuihg in pain or discomfort in any or botlhstal forearms or wristsduring the

last three days.

Criterion for exclusion

Patents wee excludedf they didnot meet the criteriofor inclusion or if they displagd an
open fracture which couleixplain tte pain or discomfort. Patients mealso exalded if the
pain or discomfort originatelom the elbow, proximal forearm diaphysis of the radius.
Patents wee excluded if the pain originatécom the hand or fingeras well asf injury on
the scaphoid bone wanore likely.Furthermore patients we excluded ithey and/or their
parents dichotwant to take part in the study as well as if they andheir parents for any
reason wee unable to understaride given informationlf the patientad impaired

circulation to the limb or unstable vital paraees, he oshe was noincluded in the study.
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Patients that hadlreadymet a physician and hadadographicexaminationn the
Radiology Departmen§ahlgrenska University Hospital, Drottning Silvias Barnsjukhus,
Ostra Sjukhuset, Gothenburgaisewhere we excluded if any findings froiie radiographs

were presented in the referratherwise the pent wasincluded.

Physicians conducting the examination

Six physiciangalso referred to as study physicigoeshopedists and assistant physicians of
the Emergency Departmei@ahlgrenska University Hospital, Drottning Silvias Barnsjukhus,
Ostra Sjukhuge Gothenburyywith no previous experieedn musculoskeletal
ultrasonographynderwenthe standardized educatiorhetwo standardized education lasted
for one and a half hour$he educatiomcludedan oral presentation of the project together
with ca®s collected at the emergency departmeith theactualultrasaography apparatus.
The physician¢earredhow to include and exclude patients according to the criterion for
inclusion and excl usi 028).In(addédi@ thd @¢ictacsy popul at.i
theoretically learadthe exact way of conducting the physical and the ultrasonography
examinatios( see MfADat a &4.fThetast part of thétangaaligee education
consistedf practical training. The pysicians triecbut the ultrasonography apparatus and
learredto maneuver the transducer i@atly to get the best picturesll study physicians
completed a training session on a patient presenting with a distal radius frathere
emergency departmebéfore they started to include patients in the stAdwadiologist
conrected to the research work, toodrt in the standardized educatiorotiserve and assist

the research group in teachingrasonographyut the information anttaining was identical

Ultrasonography apparatus
The apparatus used s@a FUJIFILM SonoSite, inc: Ed@e(26). The probe used vgaa linear
FUJIFILM SonoSite, inc: HFL50X, 26MHz connected to the ultrasonography apparatus

(27). The ultrasonographgpparatus had an electric cdmat also raron an internal battery
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which couldbe charged using the etdac cord(seedFigure 50). Two different brands of
transmission gelereused throughoutie projectPARKER LABORATORIES, INC:

Aquasoni® 100, Ultrasound transmission d2B) wasusedinitially. Later on

HANDELSHUSET VIRODERM AB: Lectro Derm 129), Ultrasound transmission gel was
used.The change in brand was simply because the Emergency Department and the Radiology
Department, Sahlgrenska University Hospital, Drottning Silvias Barnsjukhus, Ostra

Sjukhuset, Gothenburg used another brand that the oneathatwith the ultrasonography.

The change in brand was expected not to influence the results in aeatzapllection

Copyright© 2015Christian Tingstrém

Figure 5, Theultrasonography apparatus with componen

Examination algorithm

The examination wadivided in to three parts where atlidy participants underweal
examinatios. The ordrwas by default chical, ultrasonography examination and
radiographieexamination However, sometimes thieage nurses haalready referrethe
patient to radiographiexaminatiorto speed up the work at the emergency departrirent.
cases with existingadiographsthe studyphysicians wee allowed to carry out thdinical
andultrasonography examinatioas long as theyat notyet seen the radiograplas read the
radi ol og iPaigntd are nevempirdormed of the radiographic findings in tthelagy

department.
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dinical examination

The clinical exanination wasn two parts, history taking and physical exaation. The
history taking aimedo find out what caused the injury, where the patient |odate major
part ofthe pain and if the patiehadpain elsewhere on the body as an effect of the trauma.
After thatthe physical examination begatarting with inspection of the foreammd wrist to
find any deformityor swelling. Next the physician palpdtine pain freeparts of the am
includingbrachium, elbow (payingpecial attentioto theepicondyles radial headnd
olecranon) and the hand (fingers, metacarpal bones and carpal, ltones ylso important to
determine whether there might be a injury on the scaphoid bone (done through axial
compression of the thumb and palpation dorsally and palmary of the scaphoidTitame)
should be no pain in the examined body parts although pamtfre wrist during
examination wascceptedThen the physician investigated if any pairsvpaesent dimg
flexion and extension of the elbow or pronation and supinatidime wrist. Like before pain
from thewrist during examination wasccepted. The physan should verify if the pain vga
locatedto the distal radisi only, injuries to the diaphysis mae proximal wee not to be
included in the study. Last the distal status should be veribetb have any defects. This
was done through sensory testing of the ulnaris, radialis and medianus, neot@r testing
of the strength in the hand and fingeagyether with testing of the capillary functions by

pinching the fingertips and observitgw long time the color needto return.

Ultrasonography examination

The bag containing the ultrasonogragpparatusvas locatedin a locked roomwhich all

study plysicianshacihc cess t o i n t he or toheoptleedesearthere de p al
was present at the emergency dépent the ultrasonography bagsMacated to the

ort hopedi s temérgency depadneeBetfdre thie bxamination thexaminer

stated the apparatus and prepaitddr examination by creating a new patient form and
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filling it in with the right information (initials of the patient, the pati@&ndate of birth and the

initials of the examiner) in the right placeBhe examination begawith the application of a

sufficient amount of tresmission gel in the area of the distal radius dorsally. After that the
transducer waplaced along the radius on its dorsal sideittsé)g To ensure that the images

were as uniform ashey couldthe little bump on the transducer séocated as distal as

possible First the physis waidentified togther with the epiphysiand the wris Thereafter

the transducer wasdid from the ulnar to the radial side of the radius slowly and the examiner
looked fordeformity, cortical fractures or otha@bnormalfindings This procedure vgathen

repeated on the ventral sidethe radius. The examiner had thgportunityto compare any
findings with the patientds souncdchtioasthe t o pay
study physician also examin#éte most painful spot spécally. He or she hathe

opportunity to turn the transducer to transversally direction to visualize any findings Ibetter.
additionrepresentative ultrasonography images vgared tdhe internal drive of the
ultrasonography apparatiighe study physician found that necessary. Even videos teuld
recorded to better visualize the findingster examination the studghysician formed

opinions of the ultrasonography and theredlin the second form conagng the skeletal

status The four possible outcomes dretultrasonography examinationne®ased on what

the study physician considered wastheapo pr i at e {(Tabe5tIithesiudy ( see 0
physician deemethat there was no fracture and no treatment was needed he or she marked

the alternativéi n o f r &thetstudy phgsicianl thougttiere was a fracture that could be

treated througla cast only that is taken off at home with ool radiograph or revisit he or

she marked the alternatiie nf r acti on/ greenstick fractureo.
there was a fracture thaeealedreposition, surgery, control radiographs or revisits in addition

to the cast he or she markeeéth al t er nat i vThe farth altereativEuma etr t a e o .
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f i n d was gseddto elucidate how often the study physicians were not sure enough to make

a decision on the skeletal statlihe examination took between five to ten minutes.

Radiographicexamination

The radiographiexaminatios were performed byhe Radiology Departmerfsahlgrenska

University Hospital, Drottning Silvias Barnsjukhus, Barnrontgen, (Bjukhuset,
GothenburgRadiographsvere createaf the wrist (including the distal hatff the radius and

ulna together with carpal and metacarpal bones ofahd)h Two projections we used (the

frontal view and the side viewgormally two radiographsere createdbut sometimes there
weredifficulties in gettinga good focus why threedmgraphssometimes wasreated. The

physician caducting theultrasonographgxamnination formedopinions of the radiographs

and then filedin the third examination form concerning the skeletal stdtias.four possible
outcomes wee the same asintheur asonography examination (sec¢
e X ami n at 250Theén weeaagtiee earliest, the physician allowed to read the

radi ol o gand takeé decisioagpabouttthe treatmAstthe design of the method aithe

to simulate the conditions at the Emergency Department, Sahlgrenska University Hospital,
Drottning Silvias Barnsjukhus, Barnrontgen, Ostra Sjukhuset, Gothenburg as far as possible,

the ultrasonography assessment sradeggapre compar e
assessments. This was becausgsicians working in the emergency department normally

decidethe treatmenb ased on t hei r ass es sStaedart procddure he r ac

for diagnosis and treatment in the emergency deparment B2y e

Data storing

Storing of data constedof two parts. here were the three forifled in by thestudy

physician andhere waghe electronic storing of imagé&®om the ultrasonography and the
radiographsDuring the ultrasonoga phy exami nati on (see AUl tras

page25) the examinesaval imagesthat wee later transferretb adigital database mentioned
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later in this section. The radiographere saved unidentifiable frofRemix (he application

for radiograpimanagement in Véastra Goétalandsregionen) to the digital database.

The research binderwa al ways pl aced in the orthopedi st s
departmentln the bindemwere a series of plastic foldenghich contaiedthree envelops each

marked with a, for the plastic foldeunique number. The plastic foldalso containethe

form of consent and written information about the research work in both a normal and an easy
read version for childrerLast there wee three foms for the physiciantofil n ( see A St ud
formsd a p p e n2dall markédwith the same number as the enveldgesfirst form

was an identification form where thphysigans put a patient label and weadown the date of
examinationThe second forntreatedthe clinical and ultrasonography examination. Here the

study physiciawrote down her namandansweredeven questions aboweformity;

location of the pain, pain during movement and needafdiographsin the second form the

physician also mé&edthe best fitting alternative of the skeletal stdtos their

ultrasonography examination and v@alown any comment on the clinical and

ultrasonography examinatiom the third form the physician fored an opinion othe

skeletal status by lookinaf theradiographsvi t hout r eadi ng andthenr adi ol
markedthe best fitting alternative in the forMhere wa also a possibility of wiing down

comments on the radiograplagaminationWhen a form wa filled in the physiciandidedit

and put itin one of the envelopes which sveinally sealedind put in the plastic foldeAll

patient related materials weeinitially stored coded in sealetivelopes in the orthopedidts

office in the emergency department. After opening of the envelopkssertion in the

digital databae the confidential material watored in a binder that wdocked up in an

or t h o ppersonabfticé mom. Research dataswred for ten years before destrooct

The digital database used sviaileMaker Pro 13 Adancedon a local drivg30).
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Special cases

Data storing in specialas e s ar e Tabe®@wn i n 0

Table 7, Presentation o how special cases are handled when including and saving images and data.

Special case Action

Patient with two suspected  Patiens wee included as two separate patients, one for each ar

distal radius fractures (one  Thestudyphysician conductethe exact samprocedureas for a

on each arm) normd patient but he or she conductiéx procedure twice. Two
files were created in the ulisonography apparatus and theyeave
naned with the patients init.i
respetively. The physician also madere to mark in the paper
forms which arm (left or right) belonget the specific patierlD.
This was so that later control drcomparisomwith radiographs
couldbe done.

Patient with secret identity Patients wee treated the same way as any normal patiecept the
study physiciandish ot f i | | i nalstitsteadpha t i
physicianfiledi n A SI 06 (for secret ic
from one andip (in case there we more than one secret identity
one day), resetting every day.

Treatment

The treatmerstf or t he pat i eemdtsubjectdooresehich in tbtsdy, alse @o
follow up was held. The patientstgbeir treatment in the eghsame way as patients not
participating in the study. The treatments folemithe guidelineg s eéStandérd procedure

for diagnosis and treatment in the emergency deparment B2y e

Statistic analysis

Generation of tablesas done using Microsd@t Office Exce® 2007, version 12.0.6718.5000

(© 2008 Microsoft Corporatigrfor Windows.The statistic analysis waarried through

using IBM® SPSSStatistics version 22.0.0@ 2013IBM Corporatior). The distribution of

cases inelation to age and sex wadadated A One-sample Fest was perfornteto

measue the overall concordantetween ultrasonography and radiograph assessment. A 95%
two-sided confidence interval was used for presentation (95%ACHoss tabulation was

used to measurand present thimter-rater agreement between ultrasonography and

radi ographs. Cohends Kappa was c¢usihgascalad e d
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interpretation according to Langid. R. et a(31). A 95%two-sidedconfidence interval wa

usedfor presentation (95% CIYhe 95% CI was calculated through the formula: Cl = value

of Kappa +/ 1,96 x standard error of value of Kapgao hendés Kappa i s said
accurate since it takes in account agreement occurring by cidmectaur oicomes used in

the ultrasonography and radiograph assessment were merged into two @rdlps (f r act ur e ¢
becaméi Woubdbtd have needed radiogr aphsaoonsidened t he t
possible fractures and becam®o ul d have n e edbeabletomalculaiegr aphs o)

sensitivity and specificity95% Cl)and compare our study with previous studies

RESULTS

Threepatients were excluded, one case due to pain over the diaphysis and two cases due to
suspected fracture on the scaphoid bénital of sixty-nine patients were included the

study. Two patients had suspected fractures on both forearms and were therefore counted as
four (two times two) patients in the total compilatenmd one patient had a secret iden(sige
oTable70). There were thirtsfour males and thirtfive femalesoTable8oa n dable9o

showsthe distribution in sex and agethin the study population.

Table 8, The distribution &cases included in the study: Column two (number) and column three to seven (years).

Case distribution

Sex N

Female 35
Male 34
Total 69
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Table 9, The distribution ages in the study: Column one (years), column two (number) and colurar(jiereentage of
total).

Age distribution

Age

distribution N % of Total N
5 2 2,9%
6 4 5,8%
o

7 7 10,1%
8 6 8,7%
o

9 7 10,1%
10 6 8,7%
11 6 8,7%
12 14 20,3%
13 8 11,6%
14 10,1%
15 2 2,9%
Total 69 100,0%

The Onesample Fest calculations show the overall concordance between the
ultrasonography andtheradg r a p h a s s elTabiehde).Mhesasséssmerds were

identical in 84.1% of the cases (95% T5%6-93%).

Table10, Thec oncor dance between the study physiciands ultrasonogrt

One-Sample Test

TestValue =0
Sig. (2- Mean 95% Confidence Interval of the Difference
t df tailed) |Difference Lower Upper

Concordance between
ultrasonography and 18.935 68 0.000 0.841 0.75 0.93
radiographs

The ultrasonography examinations took between five to ten minutes to pekimranding to
olablellothere wereforty-nine fractures, sixteen ndractures and four uncertain findings
seen on the radiographs. The study physicians overestimated the number of fractures by two

and found all fil nfracti on/ Gr esmants NoifracltureWwasact ur
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mi ssed but five of fourteen NTot al fractures

classified as Al nfraction/ Greenstick fractur

Table 11, A comparison btween the assessments in of the ultrasopbgréows) and the radiographs (columns). To the
right and at the bottom thereeathe total numbers of outcomegh percentage respectively.

Ultralsonography vs. Radiograph, Crosstabulation

Radiograph assessment
Total fracture
Infraction/Greenstick |or inacceptable| Uncertain
No fracture fracture deformation finding Total

Ultrasonography  fracture 12 0 0 1| 13(18.8%)
assessment

Infraction/Greenstick 1 35 5 1| 42 (60.9%)

fracture

Total fracture or

inacceptable 0 0 9 0 9 (13.0%)

deformation

Uncertain finding 3 0 0 2 5 (7.2%)
Total 16 (23.2%) 35 (50.7%) 14 (20.3%)| 4 (5.8%)| 69 (100%)

The value of Coheno $0.66@83)pvaichwarslatetta thehigher( 95 % C
|l ayers of gifebhsinadtri e aKampa i nterpretation sc

Il nterpret @i ond bel ow)

Kappa Interpretation.

<0 Poor agreement

0.07 0.20 Slight agreement
0.217 0.40 Fair agreement

0.417 0.60 Moderate agreement
0.617 0.80 Substantial agreement

0.817 1.00 Almost perfect agreement
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Table 12, The measuremenfo Cohends Khaalp@ af blatseas omography vs. Radi ograph

Cohen's Kappa

95% Confidence Interval of the
Asymp. Approx. Difference
value | Std. Error® | Approx. T°|  Sig. Lower Upper
Measure of Kappa
0.742 0.068 9.572 0.000 0.61 0.88
Agreement
N of Valid Cases 69

a. Not assuming the null hypothesis.

b. Using the asymptotic standard error assuming the null hypothesis.

When the four outcomes of the study were mer
radigr aphso and AWould have needed radiographs
studies, the sensitivity and specificity were calculated. The sensitivibefog able to send
the patient to radiographic examinatiwas calculated to 98.1% (95% ClI, 90-B%.7%) and

the specificity was calculated to 75.0% (95% CI, 50338%).

On page34is a collection of images presenting the characterisfidtse outcomes used in the
examinationg s drigure®0). There is an intact distal radius on a dorsal (a) and volar (b)
ultrasonography view together with a frontal (c) arside(d) radiographThere is a distal

radius infraction on a dorsal (e) and volar (f) ultrasonography view together with a frontal (g)
and a side (h) radiographhere is a complete distal radius fracture on a dorsal (i) and volar

() ultrasonography view together with a frontal (k) and a side (l) radiograph.
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Figure 6, Three skeletal statusebthe distal radius: ltrasonography (left column) and radiograph (right column). Le
are described in the text.
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DISCUSSION

The relatively lownnumber of patients included (sixtyne conpared to ondwundred and

thirty wanted) was due to a late start. The resegrchp had trouble finding an
ultrasonography apparatus that could be used in the study. Therefore the inclusion started
February20, 2015nstead of during autumn 2014 as oridimalanned The study will

however extend over the summer 2015 to reach the desired number of inaluskomg this
study a preliminary report over the current resdltee results are not to be trusted fully since
we never reached offmindred and thirtynclusions which were needed for statistical
significance. Numbers, trends, assumptions and conclusions however, indicate how the full

scale study will turn out.

In the study wevanted to investigaté ultrasonography could be performegthout previous
experience if the algorithm was shdistinct and easy to follow.iSorthopedists oassistant
physicians with no experience in musculoskeletal ultrasonography were invohadhave
included between fowand thirty-two patients eachndfollowing was noticed (note thahe
bulleted list below is based on observations and was not specifically measured during the
project)

1 The learning curve appedrsbe verysteep and fast reaches a plateslustudy
physicians had some trouble finding the right vty perform and assess the
ultrasonography examination during ithiérst two patiens but very quickly learned to
handle the apparatus confidently. Hertzberg, B. 8l ebncluded that as many as two
hundredultrasonography examinations has to be daferk a physician can be said
to have a acceptable level of competence in ultrasonog(@8ghyl he reason why we
had the physicians learning faster is probably that; the radiuglis\@as/ed due to

its close relation to the skithe study physicians had only a few tasks to assess and
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when a sharp ultrasonography image is achieved it looks very similar to a
corresponding radiograph (which all study physicians were familiar to).

1 Thefrequency of misjudgmesbetween ultrasonography and radiographs were
relatively dependendf how many patients the study physician had examifksslost
half of the misjudgments were doneonth¢ udy physicianso6 first
rest seemed tbave no relation to the number of patients examined. This suggest that
ultrasonography, like the majority of medical exaations, needs a little practice
before it can be performed securely.

1 The examination duration seemmat, or very remotely, connectéalthe number of
patients astudyphysician had examined. The majority of the examinations took
betweerfive to tenminutes and the time seemed to be more connected to how discrete

the fracture was than how experienced the physician was.

The number of idntical assessmertg the ultrasonographiesmpared to radiographs were

fifty -eightout of sixtynine( s elableblg)which@m r r espond tTableBOdantl % ( s e e
aChhends Kappa of 0. 742 Taded2 JThisnaonberanhgeeang r e e me n
relatively low compared witprevious studie§l0-13, 1520) but it is important to keejm

mind that this study designe at ur ed f our possi ble outcomes i
Aino f rldowdver,iwkea transformingowesultst o f it t he binary #Afr a
fractur eooutcaimes peoof shedy Chklonf Mdaotiadonfgred u
i nacceptable deformityo and fRgmeceptaalhnl ¢ d niWw
have neededt o adg pgs e pthlsed group AWoul d not ha
by our out c o nThis gaw our studyasssitivity @ 88.1% and a specificity of

75%. The sensitivity is similar to previous studies but the specificity differs which can be an

effect of an insufficient number of inclusions in the stddwer than calculated in the power
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estimate) Another postble explanation of the relatively low specificitpuld be that in our

study design the physicians had the opportun
AFractureo or ANo fractureo. Thcallgverfiedul d | ead
nonf ractures were cl assi fi edtheswmdyphysciarswdreai n f i

not confident enough in assessing the ultrasonography to say that there was no fracture, even

if they could not find any during the ultrasonography examination.

On the other hand, if these numbers are to tthsteenpatients {8.8%) would not have

needed radiographic examinations in the first place since ultrasonography had ruled out
fracture.When analyzing the individual cases we found that no radiogragiteddractures

were missed on the ultrasonogmwaedassifiddast one ¢

ANo fractur eo allowever, inuHistspedfis aask® syudygpykicjan could

not find any fracture on the radiograph but in tame ime could not rule it out.

Elevenoutofsixyn i ne mi sj ud g me nTaldelly gFivecasdswereenoré s e e i
severe in the radiograph assessment than in the ultrasonography ass@sssent.

misjudgments werdone by different physiciarend no pattern was detectal#énce it 5 of
interest to be able to differ between fAlnfra
i nacceptable deformityo those five tlgses wer
did not have saved ultrasonography i mages. O
i nacceptabl e defor mityo o hbutforBoemeeasonéddasul tr aso
missed. The other three cases all imlacbmmon that they were dorsallyridractures with

relatively little deformityand displacement. The lack of displacement, especially in the volar

cortex breakage led to difficulties in getting a sufficiently sharp ultrasonography image to see

the fracture.
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Five cases of radiograph verie d fiNo fractureodo or fAUncertain
Al nfraction/ Gr@dd&mseirtcli hr da¢hdi @egooon ultraso
explanation to this relatively high number of overestimations could be that the study

physicians tendeatalso take the physical examination in account. This means that even

though the study physicians could not see a fracture on the ultrasonography examination, a

clear and distinct suspicion of a fracture from the physical examinatiortiswaded to the
overestimation. One would argue that the same effect should be seen when assessing
radiographsthatthe findings from the physical examinatimould affed the assessment to
overestimatiorof the number of fractures. A possible counterargument is thatuteg

physicians felt more comfortable in assessing radiographs and therefore trust their findings to

a greater extent.

In the futureit is possible that ultrasonography couklibcorporated in more than diagnost

or triageof distal radius fracturedlext step wuld be to investigate what role

ultrasonography could have in reposition and treatment of distal radius fractures. Also other
Askin near boneso could benefit from an ul tr
distal radius. For instaedhe clavicle would in theory be easy to visualize and some studies

have shown that other long bones and some other bones are relatively easy to examine with an

ultrasonography apparatus, at least if you are trained in ultrasonogifpis, 17, 2Q)

Having a portable ultrasonography apparatus in the emergency department could also benefit
other professions such as the field of mewarsurgery. Two common reasons for attending
chil dr ends mehdfield af surgerg arevsiornaehspain amd foreign body. As

concerns the foreign body a portable ultrasound could probably help the situation in the
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emergency departmeby assisting in finding and removing the foreign b@gly). Even

surgeos with little ultrasonography experience could easily perform an examination and save
the patient from waiting several hours at the radiology department. Stomaas glaim often
examined with ultrasonography due to suspicion of appendicitis. However, this procedure
requires some training but in the future a portable ultrasonography apparatus could make an
important option to reduce lead times in the emergency aegatrt Also acute situations are

of interest and the portable ultrasonography could maybe be used topaetaciothorax and

freeblood intheabdomen and thorax (a procedure called FAST)

Methodological considerations

The hypothesi and aim were adequafdso the group of study physicians with no former
ultrasonography experience was adequate since they represented the orthopedic personnel at

the Emergency Department well. That together with the short standardized introduction

served its purpose well inmsulating that anyone, independent of former ultrasonography
experience, could perform the examinations and assessisatishe storing of data,

recording of images and filling of study forms were arranged adequately and were easily
understandable for thetudy physicans involved. However, learning a new examination

technique requires practice (compare using stethoscope or assessing exfyagdrg)i. In

this study design wiad the study physicians including patients after very little practice to

simulak inexperience. A big portion of misjudgments occurred during the study physicians

first two inclusions before they were confident enough to use the ultrasonography apparatus
properly. After that misjudgments occurred more rar€he research question alcused

on whether the study physicians could differ between the various types of frakeness

room for i mprovement in the examination al go
i nacceptable deformityo waetionreGieeonstieckl| fyr ass

way avoidthe problem is t@xamine the contra laterabrtex extra carefully in those cases
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where a breakage is found in ddrsavolar cortex. ding palpation simultaneously to

ultrasonography emination more frequentig anotheway t o easi er di agnos
fracture or i naAthreipprevdmere of theestudyrdesigrt wouwld. have

been better control beforehand on how the study physicians assess radiographs since it was
obvious during the study that themasindividual variation in what the study physicians

couned adracturesand what did not. Bigger attention to radiograph assessment could have

improved the results.

CONCLUSIOMND IMPLICATIONS

Ultrasonography in triagindistal radius fractures has g lpotentiaj a tool to roghly decide
which patients neetb undergo radiographic examination and which patients do not
Ultrasonographynovice physicians managed to find all radiograph verified distal radius
fractures during ultrasonography examinatidowever, the algorithm was not acate

enough to separate the lsevere fracture@eeding only a cast as treatment) from the more

severe (often needing more than a cast, such as control radiographs, reposition or surgery).

Further research is needdtdshould focus on how to improve the examinatdgorithm so
that the tudy physicians can more easily, precisahg wih confidence differ between
incomplete and complete fractur@sis research could possibly lead to an inclusion of

ultrasonographyni the diagnostic toolbox for distal radius fracturethe future

40



ACKNOWLEDGEMENS
| would like to express my biggest thanks to Jon Karlssmthopedistwho supervised me
throughout the project and gave me valuable knowledge in writing articles aec{omg

findings.

| would also like & send my biggest thanks to Henrik Hedetirthopedistwho lead the
researctwork on which | did my project. He has helped me with the practical details of the

project and taught me a great deal about child orthopedi

Thanks to my examar Kristian Samuelssqrorthopedistppponens Axel Ohlin, studentn
medicire and Amanda Lahti, student in mediciméo have done a good work giving me

constructive criticism and thus helping me finishing my project.

In additionl would like to thank Hanna Hebelka, radiologist, andstuelyphysicians They

have gladly helped me when | have had any questions.

Thanks to Christer Johansson, statisticiany&uable help in organizing my data and using

IBM® SPSS Statistics.

Also thanks to Anders Lundgren of SECMA AB who made this project possible by providing

us with the ultrasonography apparatus.

Last but certainly not least | would like to gilgahank the personnel of Sahlgrenska
University Hospital, Drottning Silvias Barng§hus, Ostra Sjukhuset, GothenbuFgeyhave

indefatigably guided me through thespitalroutinesand aaswered my questions.

41



POPULARVETENSKAPLIG SAMMANFATTNING

Handledsfrakturer hos barn: Kan ultraljud minska behovet av rontgen?

Frakturer ar 6verrepresterade pa barnakuten och handledsskador &r sarskilt vanliga. Idag
undersoks alla dessa patienters handleder med réntgen som ar bade kostsam och tidsineffektiv
samt utsatter patienterna for stralniBgnna studie visar att ultraljud kan minska behovet av
rontgen vid diagnostik av handledsfrakturer hos barn i framtiden. Dock behovs tydligare

undersoknindsriterier for attpa ett tryggsatt skilja pa de olika frakturtyperna.

Ultraljud har kritiserats for att vara svartolkatn tidigare utbildning i uladjudstolkning.

Denna studie visade att detta inte ar helt sant genom att lata sex ortopeder och underlakare
som aldrig tidigare jobbat eller uthildat sig med ultraljud inga i studien. Dessa lakare fick en
kort introduktion till studien och instruktioneuhdet skulle genomféra
ultraljudsundersokningarna. Lakarna bedémde ultraljudsfynden identiskt med rontgenfynden i
58 av 69 fall (84%) ocingafrakturer missades aven om 5 av 49 frakturer (10%)
felklassificerades. Alla felklassificeringar var underskatgar av frakturens

allvarlighetsgrad.

Delékare som gjorde undersokningarna i studien undersokte forst patienterna fysiskt enligt
gallande rutiner. Darefter gjordes en ultraljudsunderstkning enligt den metod som framtagits
av forskarlagetDet var viktigtatt Iakaren, innan ultraljudsundersékningen, inte tog del av
redan tagna rontgenbilder och bedémnin@etrefter bedémdkikaren sjalv rontgenbilderna
Slutligen jamfordes huékarna hade beddmt ultraljudsundersékningen med hur de hade

beddmt rontgenbilerna.
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Denna studie visaatt ultraljud utfért direkt pa akutrummet har stor potential att kunna
reducera saval stralningen mot denna patientgrapypakutmottagningenkostnader och
vantetider Ett akutbesok skulle kunna kortas sa mycket som en timmeitted
forutsattningar. Den ekonomiska vinsten for vardinrattningen ar svaraadiatiera,men en
arlig kostnad pa ungefardlmiljoner kronor for réntgenundersokningar (2014) kan jamforas

med en en@ngskostnad pa ungefar 250 0@6nor for ultraljudsaparaten.

Som synes skulle denna studie kunna fa stor betydelse for den enskilde patienten och
samhaéllet i stort, inte minst pa grund av flédet pa akuten och den ekonomiska vinsten. Att
kraftigt kunna reducera antalet rontgenundersékningar for en av degiétiergrupperna

pa barnakuten skulle ocksa leda till att réntgenundersokningar blir tillgangliga for andra
grupper snabbare an idag. Med den ekonomiska vinsten finns aven dkat utrymme for

satsningar inom andra omraden i varden.

Denna studie oppndera dorrar for framtida forskning. Dels kan det vara av intresse att se

hur ultraljud kan ha betydelse vid behandling av den héar typen av frakturer. Idag tillrattalaggs
manga frakturer med hjalp av rontgen, men nagra tidigare studier antyder att uskaljud

kunna vara ett anvandbart substitut. Dessutom kan andra professioner sa som barnkirurgin dra

nytta av att ha tillgang till en ultraljudsapparat pa akutmottagningen

Nu efterfragas forskning pa ett stérre antal patienter for att kunna analyseraeesultat

noggrannare och dra tydliga slutsatser. Det &r av storsta intresse att fundera pa hur

undersdkningsmetoden kan forandras for att inga frakturer ska missas eller feltolkas.
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