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METHODOLOGY Open Access
Measurement of external rotation of the shoulder
in patients with obstetric brachial plexus palsy
Gerhard Blaauw1* and Robert S Muhlig2
Abstract

A discussion is presented concerning scoring while assessing shoulder function. Divergence in observation and in
interpretation of what is observed may give rise to serious disagreement about indications for surgery. Agreement
regarding starting points of measurement is essential. One must realize that the number of degrees, obtained using
a scoring system, may not reflect the real amount of motion per se, it may solely indicate the limit of the motion in
relation to the neutral zero point of the measurement. This realization may improve the justification of and the
indication for surgical treatment.
It is worthy of mention that this paper deals in particular with active external rotation. Indications for secondary
surgery to prevent gleno-humeral deformation if passive external rotation is diminishing progressively, is a separate
topic. We wish to point out that the insidious problem of fixed deformity, even to a minor degree, will contribute
to the problem of loss of active functional movement.
Introduction
The lack of full active external rotation of the shoulder
joint is presented in many publications as an indication
for neuro-reconstructive surgery (specifically, transfer of
the accessory nerve to the suprascapular nerve) in cases
of obstetric brachial plexus palsy [1]. Thus the correct-
ness of the measurement of the external rotation and
the interpretation of the results is crucial. Although the
infraspinatus muscle innervated by the suprascapular
nerve, is regarded as the main external rotator of the
shoulder joint, external rotation can also be achieved by
thoraco-scapular movements. The Mallet score [2], in
particular the modification by Tassin [3], is (one of
several methods) often used to express the degree of
external rotation. This method scores range of motion
and composite movement and not individual muscular
motion, so that even in cases of complete ankylosis of
the gleno-humeral joint, it is possible to obtain a satisfying
score because of sufficient thoraco-scapular motion. An-
other aspect of using scores is the possibility of divergence
of opinion between observers, due to misinterpretation of
the measurement results.
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This problem is not new as illustrated by the following
citation. In 1920, Clark [4] from the Mayo Clinic remarked:
“When an angle is specifically stated in degrees the reader
is sometimes at a loss to know which angle is meant,
whether it is the angle included between the two bones
concerned in deformity or movement, or the angle be-
tween one of the bones and an imaginary line projected
into space from the bones”. Measuring and recording joint
motion is a matter of agreement. If the measurement
results are regarded as absolute facts, this may lead to an
incorrect decision on treatment. Thus measurement results
must be converted to simple muscular movements and
distinguished from global movements.
In 1936, Cave and Roberts [5], from the Committee on

Joint Measurement, presented a standard system for
measuring and recording joint function. It was the result
of a ten years’ trial, plus suggestions from members of
the American College of Surgeons. The first of five
general principles was “all motions should be measured
by degrees from a neutral point of zero” and the second:
“the neutral point from which the motion is measured
must be defined”. Their definition of the zero neutral
point differed considerably from Clark’s system. The
internationally approved publication: Joint Motion.
Method of measuring and recording published in 1965
[6], was based on the principles of Cave and Roberts’
Neutral Zero Method. This contains the same problem
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Figure 2 External rotation with glenohumeral movement
complemented by thoraco-scapular movement: functional
external rotation.
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as sketched above: joint motion does not usually reflect
movement caused by one muscle and is usually the
result of several muscles acting, and in the case of the
shoulder, of action in more than one joint.

Rotation of the shoulder
When investigating the limits of rotation in the shoulder
articulation, one must realize that the scapula moves, to
greater or lesser extent, with all the movements of the
humerus. It is, therefore, necessary to try to immobilize
the scapula while determining the range of rotation of
the shoulder. In this way, gleno-humeral external rotation
(Figure 1a and b) can be distinguished from functional
external rotation (Figure 2), which is executed by combined
thoraco-scapular and gleno-humeral movements. Thus
external rotation with the arm held in stable adduction
reflects gleno-humeral external rotation which is mainly
exerted by the infraspinatus muscle. If stable adduction is
not created, external rotation is achieved by a combination
Figure 1 External rotation with the scapula not participating:
glenohumeral rotation, 1b External rotation with the scapula
not participating: glenohumeral rotation.
of muscles and joints and is thus called functional external
rotation.
Passive and active rotation can be measured in adduction

or abduction. First with the arm in adduction (arm at the
side of the body) with the elbow flexed 90° and the forearm
pointing forward. This is called the neutral position: the 0°
position (Figure 3a and b). Secondly the rotation can be
measured with the arm in 90° abduction, 90° elbow flexion:
de arm is held horizontally. This position is then also called
the neutral or 0° position (Figure 4). The advantage of the
second neutral position is that rotation in this position
is pure gleno-humeral in a more restricted sense; the
disadvantage is that the muscles holding the shoulder,
in particular the scapula, must function normally. Thus
for the measurement of active and passive rotation in
patients with brachial plexus lesions, measurement in
adduction is usually chosen; on the other hand, guide-
lines from the American Medical Association for evaluating
impairment recommend measuring with the shoulder in
90° abduction [7,8]. Furthermore, the limits of rotation in
abduction and adduction differ inter- and intra-individually.
Testing extreme internal rotation is performed with the
arm behind the back (Figure 5).
Expressing the range of active rotation must be per-

formed with caution. While testing the passive mobility,
the examiner tries to put the arm against the patient’s
abdomen.
This is the −70° position. Secondly, the examiner

rotates the arm with fixed scapula as far externally as
possible, which is normally +70°. This means that with
this test the passive mobility is 140°. When we test the
active motion by asking the patient to rotate from the
position hand–to-abdomen to the neutral 0° position, he
has actually externally rotated 70°; when he then is able



Figure 3 Rotation with arm at side (from: Joint Motion). 3b
External rotation with the arm at side to the neutral zero position in
an individual.

Figure 4 Rotation in abduction (from: Joint Motion).

Figure 5 Internal rotation posteriorly (from: Joint Motion).
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to rotate to, for example, the +20° position, his total
range of external rotation is 90° and not 20°. Vice versa,
when rotating his arm from the +20° position to the
−70° position, he has rotated 90° internally. Thus the
number of degrees indicates the limit of motion in relation
to the neutral zero point and not the amount of the
motion.

The Mallet score
This is a score with tests for five functions: 1. shoulder
abduction, 2. external rotation with the arm against the
side of the body, 3. putting the hand to the nape of the
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neck, 4. putting the hand on the back as high up as pos-
sible and 5. hand touching the mouth. This is not a sliding
scale, as 5 grades are recognized: from function not pos-
sible (grade 1) to normal function (grade 5). Usually only
grades 2, 3 and 4 are depicted in publications (Figure 6).
The functions 2, 3 and 5 are tests of external rotation of
the shoulder, but only the second function can, if strictly
applied, provide the best score for gleno-humeral external
rotation. It is important to note that also in this score, the
neutral point for the second test is with the hand pointing
forward so that grade 2 will give 0° as the result, often
interpreted as: “there is no external rotation possible”,
which, of course, is not correct as illustrated above.
Figure 6 The Mallet score.
How we do it
Measuring active external rotation or any function in
the arm may be difficult in a young child who has been
pestered because of his brachial plexus lesion by doctors,
physiotherapists and other helpful people. It sometimes
demands patience from the examiner.
As pointed out in the previous paragraph, the second,

third and fifth functions from the Mallet scale are func-
tional tests of external rotation. The second function
evaluates external rotation without touching the child
and produces an assessment expressed in degrees. Then
we examine the third Mallet function. When the child is
not able (or only with great difficulty) to put the hand of
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the affected side in the nape of the neck, we can be sure
that the active external rotation is diminished. The same
holds true for the fifth Mallet function. When the child
in the effort to reach his mouth with his hand, can only
succeed by abduction of the arm (the trumpet sign), this
also illustrates diminished external rotation (or insuffi-
cient strength of the biceps).
We then try to obtain a more accurate measurement

expressed in degrees. The patient is asked to stand
straight, that is, curvature of the spine to compensate for
a lack of external rotation is prevented by the examiner.
Additionally, the upper arm is held in adduction by the
examiner. Then the patient is asked to rotate his arm
externally as far as possible, evoking pure gleno-humeral
external rotation, avoiding scapulo-thoracic muscular as-
sistance. Sometimes it is advisable to evoke this movement
first in the unaffected arm to familiarize the child with the
movement.
In younger children, external rotation is graded by

observation of play in three positions: supine, lying on
their side and sitting. Attention is attracted using bright
toys with rattles and bells with the examiner standing
on the affected side. Offering a tit-bit may be helpful. It
is evident that accurate measurement is often not possible,
because external rotation is examined functionally.
We wish to point out that the insidious problem of

fixed deformity, even to a minor degree, will contribute
to the problem of loss of active functional movement.
The risk of developing a fixed glenohumeral deformity is
high whenever the passive external rotation diminishes
to under 30° (with the arm held in neutral adduction
position).

Discussion
The positioning of the neutral zero point, more or less
in the middle of the range of active external rotation of
the shoulder joint, has produced confusing conclusions
concerning the gravity of the restriction of active external
rotation in case of weakness of the infraspinatus muscle.
This has influenced the indications for surgery. Pondaag
e.a. [9] reported results on recovery of external rotation
after brachial plexus surgery, whether by grafting from C5
or by nerve transfer of the accessory nerve, as disappoint-
ingly low, but they did not mention the preoperative
results. In our view, their conclusion is based on a misin-
terpretation of the measurement of external rotation as
illustrated above. In their paper, they correctly considered
the normal range of external rotation to be −70° to +80
degrees, but they did not specify why they regarded re-
covery of external rotation as unsatisfactory in their
patients. Van Ouwerkerk e.a. [10] showed satisfactory
spontaneous recovery of shoulder and hand function in
patients with obstetric brachial plexus palsy except for
active shoulder external rotation. They thought that a
central issue, whether due to defective central learning
or due to co-contraction, might be responsible for a
disappointing result.
Preoperative electromyographic investigations may

often show good voluntary muscle contractions in the
infraspinatus muscle. Also many surgeons have found
that intraoperative electrical stimulation of the supras-
capular nerve shows a good response in the infraspina-
tus muscle in spite of unsatisfactory function. A central
issue may be the cause of co-contraction. Schaakxs e.a.
[11], in a series of 65 children who underwent an accessory
nerve neurotization, reported that all the patients pre-
sented an active external rotation close to 0° (i.e. to the
neutral position, meaning 70° only) preoperatively, which
they called lack of recovery, disregarding the presence of
external rotation from hand–to-abdomen to the neutral
zero position. They took samples from the suprascapular
nerve from 13 patients for histopathological examination.
One patient had a neuroma; the others showed signs
of good endoneural regeneration and no signs of
degeneration.

Conclusion
Literature reports of measurements of active joint motion
must be regarded with caution. So-called lack of recovery
of active rotational movements of the shoulder may not
be caused by lack of innervation of the infraspinatus
muscle, but by misinterpretation of measurement results.
Also, co-contraction or defective central learning may
cause insufficient external rotation in spite of sufficient
reinnervation of the infraspinatus muscle. Co-contraction
causing defective external rotation can be registered with
multi-channel electromyography and it can (possibly) be
treated by Botox-injection into the subscapularis muscle.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
GB and RM contributed equally to this paper. Both authors read and
approved the final manuscript.

Acknowledgements
We thank Professor Rolfe Birch from London for his valuable advice and
criticism. Mrs Brenda Vollers-King assisted with the English text. Diederik
Blaauw assisted with the preparation of the illustrations.

Author details
1Department of Neurosurgery, University Hospital Maastricht, P.O.Box 5800
6202 AZ Maastricht, The Netherlands. 2Rehabilitation Out-Patient Clinic, R.A.P.,
Parallelweg 2, 6411 ND Heerlen, The Netherlands.

Received: 16 August 2012 Accepted: 8 October 2012
Published: 15 October 2012

References
1. Bahm J: Changes in rotatory movements of the shoulder after obstetric

brachial plexus lesion: clinical condition, surgery, and analysis of objective
prognostic factors. Thesis: Université Libre de Bruxelles; 2011.



Blaauw and Muhlig Journal of Brachial Plexus and Peripheral Nerve Injury 2012, 7:8 Page 6 of 6
http://www.jbppni.com/content/7/1/8
2. Mallet J: Paralysie obstétricale du plexus brachial. II. Traitement des
séquelles. Primauté du traitement de l’épaule. Méthodes d’expression
des résultats. Rev Chir Orthop 1972, 58(suppl 1):166–168.

3. Tassin JL: Paralysies obstétricales du plexus brachial, évolution spontanée,
Résultats des interventions réparatrices précoces. Saint-Louis: Thèse
Médicine, Fac. Lariboisière; 1983.

4. Clark WA: A system of joint measurement. J Bone Joint Surg Am 1920,
2:687–700.

5. Cave EF, Roberts SM: A method for measuring and recording joint
function. J Bone Joint Surg Am 1936, 18:455–465.

6. Heck CV, Hendryson IE, Rowe CR: Joint motion. Method of measuring and
recording, American Academy of Orthopaedic Surgeons. Churchill
Livingstone, Edinburgh, London: New York 1965 and reprinted by The
British Orthopaedic Association; 1966.

7. Gerhardt JJ, Cocchiarella L, Lea RD: The practical guide to range of motion
assessment. 1st edition. American Medical Association, printed in the U.S.A.
2002:52–55.

8. Rondinelli RD, Genovese E, Katz RT, Mayer TG, Mueller KL, Ranavaya MI,
Brigham CR: Guides to the evaluation of permanent impairment. 6th edition.
American Medical Association (AMAPress); 2008:472–476.

9. Pondaag W, de Boer R, van Wijlen-Hempel MS, Hofstede-Buitenhuis SM,
Malessy MJA: External rotation as a result of suprascapular nerve
neurotization in obstetric brachial plexus lesions. Neurosurgery 2005,
57:530–537.

10. Van Ouwerkerk WJR, Uitdenhaag BMJ, Strijers RLM, Frans N, Holl K, Fellner
FA, Vandertop WP: Accessory nerve to suprascapular nerve transfer to
restore shoulder exorotation in otherwise spontaneously recovered
obstetrical brachial plexus lesions. Neurosurgery 2006, 59:858–869.

11. Schaakxs D, Bahm J, Sellhaus B, Weis J: Clinical and neuropathological
study about the neurotization of the suprascapular nerve in obstetric
brachial plexus lesions. J Brach Plex Peripher Nerve Inj 2009, 4:15–28.

doi:10.1186/1749-7221-7-8
Cite this article as: Blaauw and Muhlig: Measurement of external
rotation of the shoulder in patients with obstetric brachial plexus palsy.
Journal of Brachial Plexus and Peripheral Nerve Injury 2012 7:8.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Rotation of the shoulder
	The Mallet score
	How we do it

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


