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Arme optimal auf dem Bauch gelagert 
und fixiert  (mit PearlTec Armhalterung)

Artefakt-freie Beurteilbarkeit des 
gesamten Oberbauches auch bei 

unkooperativen Patienten

13*Produktname: ProBelt Thorax
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Arme neben dem Körper 
(Ohne PearlTec Armhalterung)

Artefakte im Leberbereich führen zur 
eingeschränkten Beurteilung der Leber und 

können im Extremfall Leberrupturen 
vortäuschen oder diese verdecken

Arme optimal auf dem Bauch gelagert und 
fixiert  (mit PearlTec Armhalterung)

Artefakt-freie Beurteilbarkeit des gesamten 
Oberbauches auch bei unkooperativen 

Patienten
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Lösungsansatz: Brüste eher vor dem Körper „positionieren“, 
• Sport-BH
• Klettbänder des CT´s
• ProBelt Wrap von Pearltechnology
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Radiographic positioning techniques for the cervical 
spine. (n.d.). 
AuntMinnie.com. https://www.auntminnie.com/inde
x.aspx?sec=ser&sub=def&pag=dis&ItemID=57734

Quelle unbekannt
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Fig. 1 Examples of patient
positioning groups. Patients in
group SWIM right elevated their
right arm above their head (a).
Patients in group SWIM left did
the same with their left arm (not
shown). In contrast, patients in the
standard position group were
instructed to push their shoulder
girdle caudally as best as they
could (b). Shoulder girdle angles
were measured from the centre of
one humeral head to the centre of
the opposite humeral head (see
yellow lines in a and b). The
anterior–posterior diameter was
measured on the lateral scout
view (see red line in c). The left–
right diameter was measured on
the anterior–posterior scout (see
red line in b). The area of an
ellipse was calculated on the axial
plane using the diameters in b and
c (d)

Table 1 Patient collective split
up into standard position (STD)
and swimmer’s position (SWIM)

- Standard position (STD) Swimmer's position (SWIM)

- n Mean SD n Mean SD p

Gender (% female) 126 40.5 - 254 51.2 - -

Age (years) 57.5 21.1 54.7 22.4 0.264

BMI total 25.0 4.8 24.7 4.1 0.540

BMI subgroups

1: Underweight 15 17.7 4.4 37 19.0 1.2 0.431

2: Normal 58 22.9 1.4 106 22.9 1.3 0.942

3: Overweight 28 27.2 1.4 78 26.9 1.2 0.304

4: Obese 25 31.9 1.6 33 32.0 2.1 0.994

AP subgroups

1: Small 14 15.6 0.5 53 15.4 0.7 0.281

2: Medium 74 18.7 1.1 155 18.3 1.1 0.005

3: Large 33 22.2 1.0 42 22.0 1.0 0.334

4: Extra Large 5 26.4 1.1 4 25.8 1.0 0.413

LR subgroups

1: Small 9 33.1 1.7 51 33.5 1.5 0.544

2: Medium 36 39.0 1.8 117 38.6 1.6 0.139

3: Large 58 44.2 1.7 68 44.0 1.7 0.479

4: Extra large 23 50.6 1.9 18 50.0 1.3 0.368

AoE subgroups

1: Small 27 490.4 41.8 114 469.0 45.1 0.032

2: Medium 69 646.7 51.1 115 631.9 54.4 0.072

3: Large 24 834.0 53.7 22 829.9 57.3 0.676

4: Extra large 6 1,048.1 68.3 3 1,001.4 53.1 0.262

Eur Radiol (2014) 24:969–979 971
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Table 7 Subjective image quality (IQ) for standard position (STD) and swimmer’s position (SWIM) according to grouping criteria anterior–posterior
diameter (AP), left–right diameter (LR) and area of an ellipse (AoE)

Standard position (STD) Swimmer's position (SWIM)

Subjective image quality (IQ) Subjective image quality (IQ)

AP LR AoE AP LR AoE

Angle n Mean n Mean n Mean n Mean n Mean n Mean

Subgroups

1: Small All angles 14 1.75 9 1.67 27 1.52 53 1.39 51 1.20 114 1.33

2: Medium 74 1.26 36 1.36 69 1.22 155 1.25 117 1.23 115 1.15

3: Large 33 0.88 58 1.19 24 0.90 42 0.85 68 1.24 22 0.95

4: Extra large 5 0.40 23 0.67 6 0.25 4 1.00 18 1.00 3 0.33

All subgroups 126 1.18 126 1.18 126 1.18 254 1.21 254 1.21 254 1.21

1: Small Angle <3° 11 1.73 5 1.50 20 1.50 8 0.69 10 0.75 23 0.87

2: Medium 54 1.24 29 1.43 51 1.25 43 0.92 24 0.88 31 0.84

3: Large 24 0.94 42 1.17 18 0.86 8 0.50 20 0.78 5 0.60

4: Extra large 5 0.40 18 0.69 5 0.30 0 – 5 1.00 0 –

All subgroups 94 1.18 94 1.18 94 1.18 59 0.83 59 0.83 59 0.83

1: Small Angle 3–10° 1 1.50 3 1.83 5 1.40 33 1.55 21 1.26 59 1.47

2: Medium 20 1.30 6 0.92 18 1.17 71 1.30 59 1.25 53 1.13

3: Large 9 0.72 16 1.25 6 1.00 15 0.50 34 1.35 7 0.71

4: Extra large 0 – 5 0.60 1 0.00 3 0.67 8 0.88 3 0.33

All subgroups 30 1.13 30 1.13 30 1.13 122 1.25 122 1.25 122 1.25

1: Small Angle >10° 2 2.00 1 2.00 2 2.00 12 1.42 20 1.35 32 1.41

2: Medium 0 – 1 2.00 0 – 41 1.50 34 1.44 31 1.50

3: Large 0 – 0 – 0 – 19 1.26 14 1.61 10 1.30

4: Extra large 0 – 0 – 0 – 1 2.00 5 1.20 0 –

All subgroups 2 2.00 2 2.00 2 2.00 73 1.43 73 1.43 73 1.43

Values for each ideal positioning method are marked in bold, see Fig. 4. Angles refer to measured shoulder girdle angle between humeral heads

Fig. 4 Results for computed tomography dose index (CTDI) and sub-
jective image quality (IQ) on level of CV7/T1 regarding optimal standard
position (optimal STD) with a shoulder girdle angle of <3° compared to
optimal swimmer’s position (optimal SWIM) with a shoulder girdle angle
of >10°. a Reduction of CTDI in mGy;optimal SWIM profited from dose

rate reductions from 6.53 % to 37.79 % compared to optimal STD. b
Results for subjective image quality (IQ); results rated as 0=not diagnos-
tic to 1=diagnostic with limitations are shown with a grey background.
Subjective IQ improved for almost all optimal SWIM patients compared
with optimal STD

Eur Radiol (2014) 24:969–979 977
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reduced dose exposure and improved IQ can be achieved with
technical methods [4–10], e.g. iterative image reconstruction
that was also integrated in the study’s CT protocol. Moreover,
simple patient positioning strategies [15–17, 27] may also
serve this purpose. The radiologist has to be aware that there
is always a trade-off between dose exposure and noise. In this
context, a previous study showed that an optimal position of
the shoulder girdle could result in 30 % noise reduction in the
lower section of the neck [17].

Mettler et al. found an average dose exposure of
0.2 mSv for CR of the c-spine [28]. No further differ-
entiation, e.g. BMI subgrouping, was performed in that pub-
lication. In our study an average dose exposure of 0.58 mSv
(0.28–0.92 mSv; Tables 3 and 4) was found for CT examina-
tions of the c-spine (Table 2). This mean dose exposure was
only threefold higher compared with CR. Considering the
growing number of CT examinations, a dose reduction below
the level of standard radiographs would be ideal.

In contrast to another study employing the swimmer method
for CT of the c-spine [29], we analysed different subgroups
using BMI, AP, LR, AoE and shoulder girdle angle as grouping
criteria in order to get more detailed information for each
subgroup. In this study, however, BMI was the most valuable
criterion, which outperformed other grouping criteria such as
AP, LR and AoE. This is in contrast to findings of the AP
diameter having the strongest correlation with CTDI and DLP
in abdominal and chest CT [30] where the anatomical structures
are not as varied as they are in the cervicothoracic junction.

Moreover, our results showed that next to BMI the shoul-
der girdle angle is of major importance. A dose reduction of
6.4 % (P<0.05) was achieved when comparing STD versus
SWIMwithout differentiating the aspect of the shoulder girdle
angle. However, a reduction of 24.4 % (P<0.05) is possible
when comparing optimal STD to optimal SWIM where the

shoulder girdle angle differs from <3° to >10°. Therefore we
would recommend placing one arm above the head (swim-
mer’s position) given the patient’s ability. Moreover, one
should try to position the arm in a way that results in a
shoulder girdle angle of >10°. Under such conditions “you
win”, as dose exposure is reduced and IQ is improved. If that
is not possible the CTshould be performed as before (“you do
not lose”).

Additionally subjective IQ for three levels of the c-spine
was evaluated. At the level of CV1/2 and CV4/5, a minimum
mean value of 1.9 out of 2.0 was always reached. For the
upper or middle cervical section adequate IQ can be achieved
regardless of other parameters, including even the positioning
of the patient. At the level of CV7/T1, however, only the
underweight subgroup showed inferior subjective IQ
(25.5 % less subjective IQ, P=0.126) with SWIM; all other
subgroups profited from 15.0 % (P=0.125) up to 89.9 %
(P<0.05) better subjective IQ. In case of the underweight
subgroup the patient’s age might be a useful criterion for
deciding between minimizing dose exposure and enhancing
subjective IQ.

Limitations of the study might be the small variations in
patient grouping and the unequal number of group members
following the normal curve of distribution (compare Gaussian
distribution to Table 1). Following the guidelines for patient-
centred care adapting the field of view for each patient was
based on the particular anatomy of the c-spine. Therefore the
field of view was not strictly the same in all CT examinations.
Blinding the readers minimized the limitations of the evalua-
tion of subjective IQ. Artefacts resulting from tooth implants
mainly affected CV1/2 but did not critically hamper IQ. Only
one method of dose modulation was used which might also be
a limitation of this study. As a systemic recall was not part of
the study it is not possible to provide data concerning missed
pathologies or injuries.

In conclusion, combining technical methods for dose re-
duction and the optimal positioning of the patient facilitate
further dose reductions. Therefore future studies may focus on
reducing tube current from the prevailing 120 kV to 100 kV
for all BMI subgroups. In the case of underweight and normal
patients even a reduction to 80 kV may be possible [19]. On
the level of CV1/2, where artefacts due to dental implants may
occur, and at the level of CV4/5 even further dose reduction
may be possible.
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Fig. 5 Results for subjective image quality at the level of CV7/T1.
Percentage results for optimal standard position (optimal STD) with a
shoulder girdle angle of <3° compared to optimal swimmer’s position
(optimal SWIM) with a shoulder girdle angle of >10°. Except for
underweight all other BMI subgroups profited from better subjective
IQ. Especially subgroup obese profited where subjective IQ=0 was
reduced from 42.1 % (optimal STD) to 10.0 % (optimal SWIM) and
IQ=2 improved from 21.1 % (optimal STD) to 60.0 % (optimal SWIM)
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Sandsack

Quelle Liebscher & Bracht
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Dosiswerte
KVP:   110 kV 
mAs:  508 mAs
CTDIvol: 139.29 mGy
DLP:  2416.57 mGy.cm 

* Dieser Effekt kann nur bei CT´s auftreten, bei denen in der Belichtungsautomatik keine obere 
Begrenzung festgelegt werden kann. Dies ist bei Siemens CT´s und älteren Philips CT´s der Fall

Sandsack
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Dosiswerte
KVP:   110 kV 
mAs:  219 mAs
CTDIvol: 60,44 mGy
DLP:  996,67 mGy.cm 

Achtung: 
Auch OP-Gel-Lagerungskissen können 

Artefakte machen

PearlTechnology

www.alex-riemer.de 40



www.alex-riemer.de
Quelle Liebscher & Bracht

Quelle Welt.de

41

www.alex-riemer.de

Quelle:  Dorina Petersen

CT in Seitenlage ist möglich
Beim CCT sollte darauf geachtet werden, dass 
der Kopf so gelagert wird, dass die Mittellinie 

des Kopfes parallel zum Tisch verlöuft  
42
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Die Patientenorientierung muss auf rechts- oder links Seitenlage 
geändert werden

Die Ausrichtung des Übersichtsradiogramms muss an die neue 
Patientenposition angepasst werden. 

Für ein a.p. oder p.a. Übersichtsradiogramm 

• Patient Rückenlage: Röhrenposition oben oder unten (0 oder 180 Grad)
• Patient Seitenlage: Röhrenposition seitlich (90Grad)

Für ein seitliches Übersichtsradiogramm

• Patient Rückenlage: Röhrenposition seitlich (90Grad)
• Patient Seitenlage: Röhrenposition oben oder unten (0 oder 180 Grad)

www.alex-riemer.de

Patientenposition 
ändern

Röhrenposition ändern 
(bei Dual Scano nicht nötig, da 

immer 2 Scanos gemacht werden)

46



www.alex-riemer.de

In das Bild klicken, um 
die Patientenposition 

zu ändern
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•Fechterstellung
•Kontralaterale Seite anheben
•Körper unterpolstern
•Kopf inklinieren (Kinn auf die Brust)
•Ellenbogen möglichst in Tischmitte lagern

•Optimale Lagerung: 
horizontaler Laser verläuft 
auf Höhe Ellenbogen-Mitte

Patientenposition im Protokoll: 
Feet First 

(auch wenn der Patient Head First liegt)
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Wenn möglich
 

Verm
eiden
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Wichtig: 
Wenn es kein spezielles Protokoll dafür 

gibt, bitte das CT-Schulter Protokoll 
verwenden

Atemkommando: Exspiration
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Wichtig: 
Wenn es kein spezielles Protokoll dafür gibt, bitte das CT-Schulter Protokoll verwenden

Atemkommando: Exspiration
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Herzlichen Dank an Simone Miloloza, 
von der ich diese Lagerung lernen durfte
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