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ABSTRACT

Subacromial impingement is a frequent and painful condition among athletes, particularly those involved 
in overhead sports such as baseball and swimming. There are generally two types of subacromial impinge-
ment: structural and functional. While structural impingement is caused by a physical loss of area in the 
subacromial space due to bony growth or inflammation, functional impingement is a relative loss of sub-
acromial space secondary to altered scapulohumeral mechanics resulting from glenohumeral instability 
and muscle imbalance. The purpose of this review is to describe the role of muscle imbalance in subacro-
mial impingement in order to guide sports physical therapy evaluation and interventions.
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INTRODUCTION
According to the late neurologist Vladimir Janda 
MD, there are 2 approaches to classification of mus-
culoskeletal pathologies: structural and functional.1 
The structural approach focuses on actual damage to 
musculoskeletal structures such as rotator cuff ten-
donitis or a ligament injury. The functional approach 
examines factors that contribute to structural lesions. 
This approach is most useful for physical therapy 
management of chronic ‘dysfunctions’ such as per-
sistent joint pain and tendonitis.

Shoulder impingement accounts for 44 to 65% of 
shoulder complaints during physician visits.2-3 First 
described by Neer,4 shoulder impingement has been 
classified into two main categories: structural and 
functional. Subacromial impingement can be caused 
by narrowing of the subacromial space (SAS) result-
ing from a reduction in the space due to bony growth 
or soft-tissue inflammation, (“structural”) or supe-
rior migration of the humeral head caused by weak-
ness and/or muscle imbalance (“functional”).5-8 It is 
possible that some subacromial impingement results 
from a combination of both structural and functional 
factors.

Subacromial impingement occurs when the struc-
tures in the SAS (rotator cuff, biceps tendon long head, 
and subacromial bursa) become compressed and 
inflamed under the coracoacromial ligament.9 The 
suprasinatus tendon in particular is at highest risk for 
irritation and subsequent injury because it is the most 
likely to contact the acromion when the humerus is 
abducted to 90° and internally rotated 45°.10

Patients with impingement have significantly less 
(–68%, p < .05) SAS during shoulder elevation com-
pared to the asymptomatic side when measured 
using MR imaging,11 even though their SAS is not sig-
nificantly different from healthy shoulders in the 
resting anatomical position.12 When compared to 
normal subjects, patients with impingement demon-
strate more proximal translation of the humeral 
head during abduction, thus reducing the SAS.6, 13

Functional impingement is related to glenohumeral 
instability14 and is sometimes described as “func-
tional instability,” occurring mostly in overhead ath-
letes less than 35 years of age.15 The act of throwing 
may cause tissues below the coracoacromial arch to 

be subjected to subtle microtrauma, leading to 
inflammation and tendinitis.16-17 

The shoulder complex relies on muscles to provide 
dynamic stability during its large range of mobility. 
Proper balance of the muscles surrounding the shoul-
der complex is also necessary for flexibility and 
strength; a deficit in flexibility or strength in an ago-
nistic muscle must be compensated for by the antago-
nist muscle, leading to dysfunction. These muscular 
imbalances lead to changes in arthrokinematics and 
movement impairments, which may ultimately cause 
structural damage. Dr. Janda suggested that subacro-
mial impingement results from a characteristic pat-
tern of muscle imbalance including weakness of the 
lower and middle trapezius, serratus anterior, infra-
spinatus, and deltoid, coupled with tightness of the 
upper trapezius, pectorals and levator scapula.1 This 
pattern is often referred to as part of Janda’s “Upper 
Crossed Syndrome.” (See Figure 1)

While structural impingement sometimes requires 
surgery to alleviate pain, functional instability requires 
the implementation of precise therapeutic exercises 

Figure 1. Janda’s Upper Crossed Syndrome. Reprinted, with 
permission, from Page et al, 2010, Assessment and Treatment 
of Muscle Imbalance: The Janda Approach (Champaign, IL: 
Human Kinetics).
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Imbalances or deficits in muscular strength and 
activation levels can lead to functional impinge-
ment. Both glenohumeral and scapulothoracic mus-
cle imbalances can contribute to shoulder complex 
dysfunction. The pathomechanics of functional 
impingement may involve one or both of the shoul-
der force couples: deltoid/rotator cuff and scapular 
rotators. (Figures 2-3) Because of the lack of prospec-
tive studies, researchers have not determined 
whether muscle imbalance is a contributor to or 
result of impingement.

GLENOHUMERAL IMBALANCES
Alterations in deltoid and rotator cuff co-activation 
and rotator cuff imbalances have been described in 
patients with impingement.30-34 The deltoid plays an 
important role in the pathomechanics of impinge-
ment due to its ability to offer upwardly directed force 
which must be balanced by the synchronous function 
of the rotator cuff musculature. Muscle imbalances in 
within the deltoid and rotator cuff force couple can 
cause compression within the SAS.7, 35 The deltoid has 
been found to be atrophied and infiltrated with 

with the goal of restoration of normal neuromuscular 
function. It is important for clinicians to understand 
the pathomechanics of functional impingement in 
order to guide appropriate examination, assessment, 
and intervention, as well as to consider prevention. 
The purpose of this clinical suggestion is to describe 
muscle imbalances associated with functional impinge-
ment in overhead athletes and to offer suggestions to 
guide intervention choices and prevention strategies.

PATHOMECHANICS OF MUSCLE 
IMBALANCE IN SUBACROMIAL 
IMPINGEMENT
Muscle tightness has been implicated in subacromial 
impingement. In particular, during elevation, ante-
rior shoulder girdle muscle tension may affect the 
tension on the leading edge of the coracoacromial 
ligament, predisposing it to tightness ultimately 
leading to structural impingement.16 Tightness of 
the pectoralis major creates an anterior force on the 
glenohumeral joint with a consequent decrease in 
stability.18 A tight pectoralis minor limits scapular 
upward rotation, external rotation, and posterior tilt, 
thereby reducing SAS.19 This alteration in scapular 
kinematics occurs in three separate planes of move-
ment and differs from scapular kinematics of those 
with normal muscle length.20-21

Imbalances in glenohumeral rotation range of 
motion may also contribute to altered shoulder kine-
matics. Specifically, excessive external rotation leads 
to increased anterior and inferior translation of the 
humerus, leading to anterior instability.22 In con-
trast, a lack of external rotation due to anterior mus-
cular tightness alters the scapulohumeral rhythm 
and decreases posterior scapular tilt.23 Posterior cap-
sular tightness, often demonstrated by a loss of inter-
nal rotation, may lead to more superior and anterior 
translation of the humeral head.23-25 This loss of 
internal rotation is known as glenohumeral internal 
rotation deficit, or “GIRD,” and is defined as a loss of 
internal rotation greater than or equal to 20° com-
pared to the contralateral side.26 GIRD is a relatively 
new concept in the literature that requires more 
research regarding its incidence and effects in 
normal, athletic, and injured populations. Recent 
evidence suggests that overhead athletes with impinge-
ment often display signs and symptoms of GIRD.27-29

Figure 2. Rotator Cuff / Deltoid Force Couple. Reprinted, 
with permission, from Page et al, 2010, Assessment and Treat-
ment of Muscle Imbalance: The Janda Approach (Cham-
paign, IL: Human Kinetics).
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connective tissue in patients with shoulder impinge-
ment, 36-37 and it exhibits lower levels of EMG activa-
tion in patients with impingement.33, 38 While it is 
assumed that these effects on the deltoid are caused 
by impingement, it is unclear if the deltoid pathology 
precedes or is a result of impingement.

The rotator cuff is important in maintaining normal 
humeral head position in the glenoid during elevation 
(flexion and abduction) movements. The compressive 
forces of the rotator cuff stabilize the humerus against 
the glenoid, thereby providing dynamic stabilization 
of the glenohumeral joint.39-40 Weakness of the infra-
spinatus reduces this compressive force, promoting 
instability.18 This instability may lead to functional 
impingement.

When the dynamic stabilizing forces of the rotator 
cuff are removed from the glenohumeral joint in a 
cadaver model, there is a significant increase in 
superior and anterior migration of the humeral head 
during elevation, which would lead to impinge-
ment.35, 41-42 Downward compressive forces of the 
inferior rotator cuff are necessary to neutralize 

the upwardly directed shear forces of the deltoid.35 
Without rotator cuff stabilization in cadaveric mod-
els, the humeral head migrated 1.7 mm vs. 0.7 mm 
with rotator cuff stabilization at 60° of abduction, 
and 2.1 mm vs. 1.4 mm at 90° of abduction.42 Clearly, 
while cadaveric models do not accurately reflect the 
effect of dynamic neuromuscular activation (muscle 
activation and timing) of glenohumeral and scapulo-
thoracic muscles during glenohumeral kinematics, 
they may offer some insight into the role of the rota-
tor cuff.

Decreased rotator cuff EMG activity may also con-
tribute to humeral head superior translation during 
early abduction, leading to impingement.33 Experi-
mentally-induced fatigue of the rotator cuff leads to 
superior migration of the humeral head at the initia-
tion of abduction,43-44 however, the effects of fatigue 
experienced after actually participating in an activ-
ity (such as repeated throwing) have not been inves-
tigated. Since these two studies only assessed 
scapular plane elevation, it is possible that other 
muscles may compensate for upward migration of 
the humeral head during functional activities that 
occur in planes other than the scapular plane. Few 
studies have assessed simultaneous rotator cuff 
EMG and glenohumeral kinematics in patients with 
impingement, leaving many questions unanswered 
regarding the exact pathomechanics of impingement.

SCAPULOTHORACIC IMBALANCES
Scapular rotation force couple imbalance leads to 
altered muscular activation patterns. When studying 
patients with impingement, most researchers describe 
an increase in upper trapezius EMG activation cou-
pled with a decrease in activation of the middle trape-
zius, lower trapezius, and the serratus anterior.45-51 In 
contrast, other researchers have reported increased 
EMG activation in both the upper and lower trapezius 
in patients with impingement when compared to nor-
mal subjects.48 Ludewig and Cook hypothesized that 
the increased lower trapezius activation was an 
attempt to compensate for decreased serratus ante-
rior activation. Interestingly, Lin et al studied subjects 
with various types of shoulder dysfunction and found 
decreased serratus anterior activity and increased 
upper trapezius activity without a change in lower 
trapezius activity when compared to normals.52

Figure 3. Trapezius / Serratus Force Couple.
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have a significantly higher upper trapezius activation 
compared to normal subjects, a significant decrease 
in lower and middle trapezius activation, and altered 
trapezius muscle balance (See Table 1). 

Overhead athletes with impingement have delayed 
onset of middle and lower trapezius fibers in response 
to a sudden downward movement.46 If the lower tra-
pezius reacts too slowly when compared to the upper 
trapezius, the upper trapezius may become overac-
tive, leading to scapular elevation rather than upward 
rotation.46 Freestyle swimmers with impingement 
are reported to have increased variability in timing of 
the onset of scapular rotators compared to healthy 
swimmers.50 These alterations in activation patterns 
are often seen bilaterally in patients with chronic 
tendinosis, 31, 46, 50, 59-60 supporting a neuromuscular 
mechanism. Since both painful and non-painful 
shoulders exhibit altered activation patterns, it is pos-
sible that the dysfunction is related to a faulty motor 
program within the central nervous system (CNS). 

CONCLUSIONS
In summary, functional impingement may be asso-
ciated with muscle imbalance; therefore, careful 
examination of flexibility and strength of important 
muscles about the shoulder complex is vital to under-
standing the root cause of impingement and pre-
scribing effective treatment. Janda’s approach to 
muscle imbalance suggests a possible neuromuscu-
lar component to functional impingement due to 
the predisposition of certain muscles to be tight or 

The lower trapezius may play the most important role 
in the scapular rotation force couple because it acts 
primarily as a scapular stabilizer.53-54 Decreased activa-
tion of the lower trapezius or increased activation of 
the upper trapezius may lead to an alteration of scapu-
lar rotation position which in turn leads to an upward 
migration of the axis of rotation of the glenohumeral 
joint, thus causing impingement. It is assumed that 
the lower trapezius demonstrates increased activity if 
the humeral head migrates upward during shoulder 
elevation,53 however, research has not verified this 
notion. Researchers have simultaneously measured 
trapezius EMG and 3-dimensional kinematics in 
patients with shoulder dysfunction.48, 52 These studies 
found no significant change in humeral elevation, and 
either no change52 or an increase48 in lower trapezius 
activation. Ludewig and Cook48 reported small but sig-
nificant increases in anterior-posterior translation of 
the humerus, possibly leading to decreased SAS. 

Several authors have studied athletes with shoulder 
pain and have described altered EMG patterns and 
patterns of muscle imbalance.50, 55-57 Overhead ath-
letes with shoulder dysfunction typically have 
increased upper trapezius activation,51 as well as 
decreased activation levels of the serratus anterior,47 
and lower trapezius,47, 51 supporting Janda’s belief that 
the lower trapezius and serratus are most prone to 
weakness.58 Researchers have compared the EMG 
activity of the trapezius in normal individuals, 
overhead athletes, and those with impingement.45-46, 59 
Cools et al51 reported that athletes with impingement 

Table 1. EMG activation of subjects with and without impingement during isokinetic abduction at 120°/s 
reproduced from Cools et al, 2007. 
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weak. The literature substantiates that imbalances 
in the glenohumeral and scapulothoracic muscula-
ture are present in patients with subacromial 
impingement.

Most believe that functional impingement is best 
managed with conservative treatment. While 
structural impingement sometimes requires surgi-
cal intervention, surgery for functional impinge-
ment may make patients worse. Successful treatment 
of functional impingement related to muscle imbal-
ance is often accomplished by addressing the cause 
of the problem rather than symptomatic treatment 
of the pain. By understanding muscle imbalances 
associated with functional impingement, physical 
therapists can prescribe appropriate exercises for 
both treatment and prevention. 

REFERENCES
1. Page, P., C.C. Frank, and R. Lardner, Assessment and 

treatment of muscle imbalance: The Janda Approach 
2010, Champaign, IL: Human Kinetics.

2. van der Windt, D.A., et al., Shoulder disorders in 
general practice: prognostic indicators of outcome. Br J 
Gen Pract. 1996;46:519–523.

3. Vecchio, P., et al., Shoulder pain in a community-based 
rheumatology clinic. Br J Rheumatol. 1995;34(5):440–442.

4. Neer, C.S., 2nd, Anterior acromioplasty for the 
chronic impingement syndrome in the shoulder: a 
preliminary report. J Bone Joint Surg Am. 
1972;54(1):41–50.

5. Brossmann, J., et al., Shoulder impingement syndrome: 
infl uence of shoulder position on rotator cuff 
impingement--an anatomic study. Am J Roentgenol. 
1996;167(6):1511–1515.

6. Hallstrom, E. and J. Karrholm, Shoulder kinematics in 
25 patients with impingement and 12 controls. Clin 
Orthop Relat Res. 2006;448:22–27.

7. Jerosch, J., et al., [Etiology of sub-acromial 
impingement syndrome--a biomechanical study]. Beitr 
Orthop Traumatol. 1989;36(9):411–418.

8. Ludewig, P.M. and T.M. Cook, Translations of the 
humerus in persons with shoulder impingement 
symptoms. J Orthop Sports Phys Ther. 
2002;32(6):248–259.

9. Bigliani, L.U. and W.N. Levine, Subacromial 
impingement syndrome. J Bone Joint Surg Am. 
1997;79(12):1854–1868.

10. Graichen, H., et al., Subacromial space width changes 
during abduction and rotation--a 3-D MR imaging 
study. Surg Radiol Anat. 1999;21(1):59–64.



The International Journal of Sports Physical Therapy | Volume 6, Number 1 | March 2011 | Page 57

26. Burkhart, S.S., C.D. Morgan, and W.B. Kibler, The 
disabled throwing shoulder: spectrum of pathology Part 
III: The SICK scapula, scapular dyskinesis, the kinetic 
chain, and rehabilitation. Arthroscopy. 
2003;19(6):641–661.

27. Kugler, A., et al., Muscular imbalance and shoulder 
pain in volleyball attackers. Br J Sports Med. 
1996;30(3):256–259.

28. Myers, J.B., et al., Glenohumeral range of motion 
defi cits and posterior shoulder tightness in throwers 
with pathologic internal impingement. Am J Sports 
Med. 2006;34(3):385–391.

29. Tyler, T.F., et al., Quantifi cation of posterior capsule 
tightness and motion loss in patients with shoulder 
impingement. Am J Sports Med. 2000;28(5):
668–673.

30. Burnham, R.S., et al., Shoulder pain in wheelchair 
athletes. The role of muscle imbalance. Am J Sports 
Med. 1993;21(2):238–242.

31. Leroux, J.L., et al., Isokinetic evaluation of rotational 
strength in normal shoulders and shoulders with 
impingement syndrome. Clin Orthop Relat Res. 
1994;30(4):108–115.

32. Myers, J.B., et al., Shoulder muscle coactivation 
alterations in patients with Subacromial impingement 
(Abstract). Med Sci Sports Exerc. 2003;35(5):
S346.

33. Reddy, A.S., et al., Electromyographic analysis of the 
deltoid and rotator cuff muscles in persons with 
subacromial impingement. J Shoulder Elbow Surg. 
2000;9(6):519–523.

34. Warner, J.J., et al., Patterns of fl exibility, laxity, and 
strength in normal shoulders and shoulders with 
instability and impingement. Am J Sports Med. 
1990;18(4):366–375.

35. Payne, L.Z., et al., The combined dynamic and static 
contributions to subacromial impingement. A 
biomechanical analysis. Am J Sports Med. 
1997;25(6):801–808.

36. Kronberg, M., P. Larsson, and L.A. Brostrom, 
Characterisation of human deltoid muscle in patients 
with impingement syndrome. J Orthop Res. 
1997;15(5):727–733.

37. Leivseth, G. and O. Reikeras, Changes in muscle fi ber 
cross-sectional area and concentrations of Na,K-ATPase 
in deltoid muscle in patients with impingement 
syndrome of the shoulder. J Orthop Sports Phys Ther. 
1994;19(3):146–149.

38. Michaud, M., et al., Muscular compensatory 
mechanism in the presence of a tendinitis of the 
supraspinatus. Am J Phys Med. 1987;66(3):
109–120.

39. Inman, V.T., J.B. Saunders, and L.C. Abbott, 
Observations on the function of the shoulder joint. 
J Bone Joint Surg Am. 1944;26(1):1–30.

40. Poppen, N.K. and P.S. Walker, Forces at the 
glenohumeral joint in abduction. Clin Orthop Relat 
Res. 1978;13(5):165–170.

41. Wuelker, N., M. Korell, and K. Thren, Dynamic 
glenohumeral joint stability. J Shoulder Elbow Surg. 
1998;7(1):43–52.

42. Sharkey, N.A., R.A. Marder, and P.B. Hanson, The 
entire rotator cuff contributes to elevation of the arm. 
J Orthop Res. 1994;12(5):699–708.

43. Chen, S.K., et al., Radiographic evaluation of 
glenohumeral kinematics: a muscle fatigue model. 
J Shoulder Elbow Surg. 1999;8(1):49–52.

44. Teyhen, D.S., et al., Rotator cuff fatigue and 
glenohumeral kinematics in participants without 
shoulder dysfunction. J Athl Train. 2008;43(4):352–
358.

45. Cools, A.M., et al., Scapular muscle recruitment 
pattern: electromyographic response of the trapezius 
muscle to sudden shoulder movement before and after a 
fatiguing exercise. J Orthop Sports Phys Ther. 
2002;32(5):221–229.

46. Cools, A.M., et al., Scapular muscle recruitment 
patterns: trapezius muscle latency with and without 
impingement symptoms. Am J Sports Med. 
2003;31(4):542–549.

47. Cools, A.M., et al., Evaluation of isokinetic force 
production and associated muscle activity in the 
scapular rotators during a protraction-retraction 
movement in overhead athletes with impingement 
symptoms. Br J Sports Med. 2004;38(1):64–68.

48. Ludewig, P.M. and T.M. Cook, Alterations in shoulder 
kinematics and associated muscle activity in people with 
symptoms of shoulder impingement. Phys Ther. 
2000;80(3):276–291.

49. Moraes, G.F., C.D. Faria, and L.F. Teixeira-Salmela, 
Scapular muscle recruitment patterns and isokinetic 
strength ratios of the shoulder rotator muscles in 
individuals with and without impingement syndrome. 
J Shoulder Elbow Surg. 2008;17(1 Suppl):
48S–53S.

50. Wadsworth, D.J. and J.E. Bullock-Saxton, Recruitment 
patterns of the scapular rotator muscles in freestyle 
swimmers with subacromial impingement. Int J Sports 
Med. 1997;18(8):618–624.

51. Cools, A.M., et al., Trapezius activity and 
intramuscular balance during isokinetic exercise in 
overhead athletes with impingement symptoms. Scand J 
Med Sci Sports. 2007;17(1):25–33.



The International Journal of Sports Physical Therapy | Volume 6, Number 1 | March 2011 | Page 58

52. Lin, J.J., et al., Functional activity characteristics of 
individuals with shoulder dysfunctions. J Electromyogr 
Kinesiol. 2005;15(6):576–586.

53. Bagg, S.D. and W.J. Forrest, Electromyographic study 
of the scapular rotators during arm abduction in the 
scapular plane. Am J Phys Med. 1986;65(3):111–124.

54. Johnson, G., et al., Anatomy and actions of the 
trapezius muscle. Clin Biomech (Bristol, Avon). 
1994;9:44–50.

55. Pink, M., et al., The painful shoulder during the 
butterfl y stroke. An electromyographic and 
cinematographic analysis of twelve muscles. Clin 
Orthop Relat Res. 1993;288: p. 60–72.

56. Ruwe, P.A., et al., The normal and the painful 
shoulders during the breaststroke. Electromyographic 
and cinematographic analysis of twelve muscles. Am J 
Sports Med. 1994;22(6):789–796.

57. Scovazzo, M.L., et al., The painful shoulder during 
freestyle swimming. An electromyographic 
cinematographic analysis of twelve muscles. Am J 
Sports Med. 1991;19(6):577–582.

58. Janda, V., Muscle strength in relation to muscle length, 
pain, and muscle imbalance, in Muscle Strength 
(International Perspectives in Physical Therapy) 
Harms-Ringdahl, Editor 1993, Churchill Livingstone: 
Edinburgh. p. 83–91.

59. Cools, A.M., et al., Rehabilitation of scapular muscle 
balance: which exercises to prescribe? Am J Sports 
Med. 2007;35(10):1744–1751.

60. Roe, C., et al., Muscle activation in the contralateral 
passive shoulder during isometric shoulder abduction in 
patients with unilateral shoulder pain. J Electromyogr 
Kinesiol. 2000;10(2):69–77.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


