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Abstract Flexion gap instability after cruciate retaining
TKR allows paradoxical anterior movement of the femur
during flexion. The tibiofemoral contact point (CP) moves
anteriorly and produces a decrease in the lever arm of the
extensor apparatus. This can provoke patellofemoral, tibi-
ofemoral-joint pain and instability for the patient. In order
to quantify the amount of paradoxical motion on a 90°
flexion radiograph of the knee, the average normal CP of
the natural knee should be known. There are no known CP
measurement methods suited for natural knees and knees
with TKR that can be applied in daily practice, and only
estimations for the CP position have been made. Therefore,
a CP measurement technique on lateral radiographs that
can be applied to natural knees and knees with a TKR has
been developed. The reproducibility of this method was
assessed. It was then used to determine the normal range of
the CP in natural knees. The medial contact point in the
natural knee in 90° of flexion was determined to be at 68%
(£6.6%) of the AP diameter of the tibia measured below
the tibia-plateau simulating a bone resection with TKR.
This reproducible CP measurement method can be used
clinically to evaluate the CP after knee prosthesis and also
in patients with suspected ligament lesions.
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Introduction

The kinematic behaviour of healthy knees differs from that
in knees with a total knee replacement (TKR). The kine-
matic behaviour of the normal knee has been described
thoroughly by Pinskerova and co-workers by analysing
dynamic MRI studies of the normal knee [10, 25]. From 10
to 120° knee flexion, the medial contact point (CP) is rel-
atively stable with only a few millimetres anterior shift of
the femur. In this arc of motion, the medial condyle acts as
a circle with a relatively stable contact point which, facil-
itated by a relatively concave tibia surface, results in a
relatively stable CP. The lateral femur condyle shows more
rollback due to a more convex tibia and more mobile
lateral meniscus, making the lateral contact point more
variable. Fluoroscopic studies of the normal knee confirm
these patterns [19, 20, 32].

Many fluoroscopic studies conducted after TKR have
shown that kinematic behaviour of knee implants can be
abnormal compared to the normal knee. A paradoxical
anterior movement of the femur in flexion, moving the CP
anteriorly, has frequently been described, especially in
cruciate retaining (CR) TKR [3, 4, 8, 22, 33]. This produces
a decrease of the lever arm of the extensor apparatus [8],
patellofemoral pain [8] and instability of the flexion gap with
subsequent knee joint pain. The reason for the paradoxical
motion is laxity in flexion. Possible causes are an over-
resection of the femur condyles and subsequent decrease of
femoral offset [1, 3], an insufficient PCL or too much slope
in the tibia cut. Banks and colleagues found less flexion in
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these patients due to posterior impingement of the femur
against the tibia [3]. Other fluoroscopic studies also found
more anteriorly positioned contact points after TKR when
compared to the normal knee [13, 21, 33]. Posterior-stabilised
(PS) knees seem to have a more consistent rollback pattern
than CR knees [6, 14], but certain types of PS knees may
show some paradoxical motion depending upon the point at
which the post engages the femur cam [31].

It seems that kinematic abnormalities influence the
position of the CP and cause suboptimal function and pain
[1,3,4,8,22,33]. It is suspected that the position of the CP
might have clinical relevance. To study this, a measure-
ment method that could be used to compare the CP of
normal knees and after TKR on lateral radiographs was
needed. Known literature was searched for useful mea-
surement methods.

It appeared that the CP and rollback have been studied
with lateral view radiographs of the normal knee both with
and without stress [11, 17, 26, 28, 30]. Most of these
studies focused on PCL insufficiency and used the AP
distance of the tibia as the reference to measure the contact
point position. MRI studies as well as fluoroscopic studies
demonstrated that the medial contact point lies approxi-
mately 5 mm posterior from the middle of the AP joint
surface distance [10, 19, 25]. Lateral view radiographs
have also been used to measure CP and rollback after TKR
[2, 9, 13, 18]. Some of these authors used either the tibia
AP dimension or the tibial base plate, whereas others
measured the AP dimension of the tibia bone at the level of
the tibial base plate to describe the CP [12]. This can make
a difference since the tibial base plate does not always
cover the whole tibia which influences the contact point.

No measurement method has been found in the literature
that could be applied to lateral radiographs of both normal
and TKR knees.

Therefore, a tibiofemoral contact point measurement
technique for plain lateral radiographs for natural knees
and knees with TKR has been developed. The goal of this
study was to determine the intra- and interobserver repro-
ducibility of this new technique and to define normal val-
ues for the position of the contact point in natural knees. It
was hypothesised that the normal contact point lies at the
posterior 1/3 of the tibia plateau.

Patients and methods
Contact point measurement technique

Because of its suitability for daily practice we chose con-
ventional lateral radiographs as the medium with which to
study the CP. The radiographs were taken without muscle
contraction. The measurement technique we developed is
constructed upon the posterior tibial cortex because this is
one of the most reliably constant radiographic elements in
knees [28, 29]. To be able to reproduce and compare the
CP after TKR, we have introduced an artificial proximal
tibial “cut” of 7 mm on (pre-operative) radiographs.

This adjustment makes it possible to compare pre- and
post-operative radiographs since the remaining bony
landmarks do not change; the method can be used on
radiographs of healthy knees or knees with ligament
insufficiency suspected. The stepwise CP measurement
method is described below and in Fig. 1.

Fig. 1 a Measurement technique on a natural knee. The CP lies at 68§% of the AP distance. b Measurement technique on a knee with a TKR. The

CP lies at 58% of the AP distance

@ Springer



390

Knee Surg Sports Traumatol Arthrosc (2010) 18:388-393

Measurement technique on plain lateral radiographs in
90° flexion.

It is important that the medial and lateral femoral con-
dyles are overlapping. Ignore any osteophytes present.
Names of the lines and the points between brackets refer to
the names used in Fig. 1a and 1b.

1. Draw a line parallel to the posterior tibial cortex
(PTC), preferably in line with midshaft level (Line 1 in
Fig. 1a and b).

2. a. (knees without TKR) Identify the medial tibial
plateau and, 7 mm below the medial tibial plateau,
draw a line perpendicular to line 1 (line 2 in Fig. 1a).
b. (knees with TKR) Draw a line perpendicular to line
1 at the level of the most distal and posterior edge of
the tibial tray (line 2 in Fig. 1b).

3. Parallel to line 2, and perpendicular to line 1, draw a
tangent to the most posterior point of the medial
condyle (line 3, point MC in Fig. la and b).

4. Perpendicular to line 3 (and thus parallel to line 1)
draw a line through point MC and line 2 (line 4 in
Fig. la and b). Point MC’ is the crossing between line
2 and line 4 (also: point MC transferred to line 2).

5. Identify the most anterior cortex of the tibia on line 2
(point AC in Fig. la and b).

6. Identify the most posterior cortex of the tibia on line 2
(point PC in Fig. 1a and b).

7. Measure the distance between point AC and point PC
(total tibial plateau distance; TPD in Fig. 1a and b).

8. Measure the distance between point MC’ and point AC
(distance MC'AC).

9. Calculate the tibiofemoral contact point: (MC'AC/
TPD) x 100%.

We chose to express the CP as a percentage of the tibial
plateau distance in order to eliminate any problems asso-
ciated with the magnification factor of the radiograph. In
addition, when expressed as a percentage the CP between
patients can be compared.

Patients

To determine the intra- and interobserver reproducibility,
we used the measurement technique on lateral radiographs
of natural knees (10 radiographs) and knees of patients
with a TKR (10 radiographs). The natural knee radiographs
were randomly obtained from a pool of patients who vis-
ited our outpatient clinic and were scheduled for a lateral
radiograph of a knee. The pool consisted of patients who
had had no previous surgery, no clinical antero-posterior
instability, no severe osteoarthritis or other malformations
that could disturb the normal anatomy of the knee. We also
included radiographs of healthy volunteers. For the radio-
graphs of knees after TKR, we randomly chose plain lateral
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radiographs from our database. Only true lateral radio-
graphs of the knees in 90° flexion were used for the study.

For the second research question (determine normal
contact point), 30 radiographs were measured in 25 sub-
jects (13 male, 12 female subjects, mean age was 36
(SD 19.3) years).

Analyses and statistics

Each radiograph (whether taken from a normal knee or a knee
with TKR) was measured using the above described tech-
nique by three independent observers. To test the intra-
observer reproducibility, observer 1 (RJ) carried out the
measurements twice on separate occasions. The second time,
the radiographs were measured in a different sequence (ran-
domised). To test the interobserver reproducibility, the three
observers measured the same series of images independently,
thus they did not know the findings of the others. The
measurements were carried out by hand, using a geometry
triangle. The distances were measured with 1 mm precision.

For all series, the intra-class correlation coefficient
(ICC) was determined. This is a qualitative method to
determine the reliability of a measurement. When the ICC
is acceptable, the (quantitative) reproducibility is deter-
mined. Reproducibility was assessed according to Bland
and Altman’s statistical method [15]. To assess the vari-
ability between measurements of observer 1, the difference
between these two measurements was plotted against their
mean. The mean difference is expected to be zero since the
same method was used. With the help of the mean differ-
ence and the standard deviation of the differences, the
limits of agreement, also known as the 95% prediction
limits, were calculated [15].

The same protocol was followed to assess the interob-
server reproducibility. For this, the first series of mea-
surement results by observer 1 was compared with those by
observers 2 and 3.

The normal contact point position was presented with
descriptive statistics (mean (SD) and 95% CI).

Results
CP measurement technique reproducibility

The ICC ranged from 0.78 to 0.99 which was consistent
with the small differences observed between measure-
ments. The intraobserver outcomes of the 95% prediction
limit for the calculated CP(%) were smaller than the
interobserver outcomes (Table 1). CP measurement on
radiographs of natural knees had a slightly lower 95%
prediction limit compared to measurements on TKR
radiographs.
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Table 1 95% Prediction limit of the relative contact point (CP)

Medial CP Intraobserver Interobserver
Normal knee 1.9 4.8
TKR 2.9 4.9

CP normal values of the natural knee

The mean CP was 68% (SD 3.3, 95% CI 61.7-74.9%),
measured from the anterior tibial plateau. The distribution
of the CP was normal (Fig. 2).

Discussion

The position of the CP at 68% of the AP diameter of the
tibia is the most important finding of the present study.
Together with the introduced measurement method this
provides a tool to compare the pre- and post-operative CP
in TKR. This measurement method that can be used for CP
measurements on plain lateral radiographs of normal knees
and in knees after TKR, and the assessment of its intra- and
interobserver reproducibility was the first goal of this
study. Determining the normal values of the CP in normal
knees was the second goal.

The intra- and interobserver reproducibility values were
good for both measurements on radiographs of natural
knees and knees with TKR. The 95% prediction limits were
1.9 and 2.9 for intraobserver measurements on natural and
TKR knees, respectively, indicating that the introduced
measurement technique is reproducible. Intraobserver
variability was smaller than the interobserver variability,
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Fig. 2 Histogram of CP distribution

which was expected. However, the interobserver repro-
ducibility was acceptable, with a 95% prediction limits of
4.8 and 4.9 for normal knees and after TKR, respectively.
Apparently, the observer’s ability to identify specific points
on a radiograph can vary.

The idea underlying the measurement technique intro-
duced in the present study is comparable to the techniques
that other authors used: it focuses mainly on the tibia AP
dimension as the reference line [2, 9, 12, 13, 18, 22].
However, the reference for the longitudinal tibia axis var-
ied; some authors used the implant itself as a reference
which has the disadvantage that pre- and post-operative
radiographs within an individual patient cannot be com-
pared. In the introduced measurement method, the poster-
ior cortex, as defined by Staubli was used as the tibia axis
reference [28, 29]. A stable posterior cortex reference for
the longitudinal tibia axis and the tibia AP line perpen-
dicular to it has a definite advantage over a variable ref-
erence, such as the tibial slope in an individual patient. It
was also preferred to measure the tibial AP dimension on
the bone and not only the tray distance since sometimes the
tray does not cover the whole proximal tibia, and this might
influence the contact point.

The mean contact point in patients with normal stable
knees without joint space narrowing and with intact liga-
ments was determined to be 68% (SD 3.3%) of the tibia AP
distance, measured 7 mm below the medial joint line at a
right angle to the posterior cortex line. Consequently, a CP
that lies outside the 95% confidence interval (61.7-74.9%)
could be considered as abnormal. The results of the present
study were consistent with suggestions in the literature
[7, 25, 34].

The medial CP has been focussed on since the lateral CP
was found to be too variable for comparisons between or
within individuals. This variability can mainly be attributed
to the anatomy of the lateral compartment and the strong
dependence on the foot position [25]. The mean medial CP
showed limited variation as indicated by the low standard
deviation. Apparently, the natural variation of the medial
contact point is quite small. The sample size of 30 knees
was, therefore, large enough to determine a reliable esti-
mate of the average contact point in a normal knee. Before
a knee was included in the normal study population, no
clinical evidence was found indicating ligament lesions
that could affect the CP. Cartilage loss (if found on a
radiograph) was also a reason for exclusion. Thus, only
biomechanical stable joints were included. Therefore, we
are quite confident that our estimation of the normal con-
tact point reflects the normal knee.

The CP measurement method introduced in the present
study is relatively simple and is, therefore, suitable for use
in every clinical (orthopaedic) practice. Since it is a relative
position of the CP, there is no need for calibrated

@ Springer



392

Knee Surg Sports Traumatol Arthrosc (2010) 18:388-393

radiographs or other specialised radiological imaging.
However, the quality of the lateral radiograph is important
since joint rotation and, to a lesser extent, joint obliquity
will influence the CP measurement. We accepted rotation
(i.e. over projection of the femoral condyles) up to 2-3 mm
and thought that this amount of rotation did not severely
affect the contact point. Clear communication with the
radiology department to explain the importance of a correct
position of the knee on the lateral view is needed: in our
experience, it is certainly achievable and technically not
difficult when in experienced hands and if a short learning
curve of two to three radiographs is taken into consider-
ation. Besides these extra radiographs during the learning
curve there were only a few cases where an image inten-
sifier was used, because conventional methods did not yield
the desired images. Although the measurement technique is
not difficult, the position of the CP, given in percentages, is
highly sensitive to small changes in measured distances.
Therefore, it is important that the instructions are followed,
and the technique is trained before one applies it to clinical
situations.

After TKR implantation, the reference plane on the
lateral radiograph of the joint surface of the natural knee is
lowered by the usual 9-10 mm bone resection from the
lateral tibia plateau in order to replace bone with the same
amount of implant thickness. This will lower the medial
joint line approximately 7 mm since the natural joint line is
3 degrees varus and less bone is resected on the medial
tibia plateau. To facilitate the transfer of the CP measure-
ments for the natural (normal) knee to a patient with a
TKR, the AP tibia distance 7 mm below the medial joint
surface was used as a reference, mimicking a tibial tray
implantation. We aimed at 90° flexion position since this is
the position in which the flexion gap is created by the
surgeon and in which the PCL is balanced. Although from
a biomechanical point of view, any comparison between
the contact point of the natural knee and after a TKR is not
anatomically possible, in our opinion the described mea-
surement technique presented here allows a “technical”
comparison between natural knees and knees with TKR.

Determination of the medial contact point on a lateral
radiograph can help to diagnose flexion instability in CR
TKR. When a large paradoxical anterior shift of the femur
occurs in flexion, patients may experience instability, pain
and patellofemoral problems due to a smaller lever arm of
the extensor mechanism. This phenomenon is often under-
recognised [35, 23, 24, 27], but CP measurement on a simple
lateral radiograph view in 90 degrees of flexion with or
without stress will easily identify the problem. Even a
flexion gap that is too tight may also be evaluated with a
CP measurement since in these patients the contact point
will be too posterior, often resulting from a too tight PCL.
The lateral X-ray with CP determination in 90° of flexion
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can also be helpful to analyse the clinical results of various
knee insert designs which are flatter or more dished or fixed
or mobile. All these design characteristics may influence
the contact point. In many studies that compare PCL-
retaining and -substituting knees, a clear analysis of the
contact point is lacking, and this technique can be helpful
[16]. It is believed that restoration of the natural contact
point at least in flexion, will restore knee kinematics and
patellofemoral tracking, but further research is needed to
document this.

The clinical relevance of CP-measurement can be found
in identifying paradoxical anterior femoral rollback and
other kinematic abnormalities in symptomatic TKR. Also
the measurement method can be used as a tool to objec-
tively diagnose an anterior or posterior cruciate ligament
lesions. Further research, for example using stress radio-
graphs, is necessary.

Conclusion

In conclusion, the contact point measurement technique
introduced and described in the present study is repro-
ducible on lateral radiographs of knees with or without a
TKR. The contact point for a normal knee was determined
to be 68% (SD 3.3%) of the AP tibia distance at 90 degrees
of flexion, measured 7 mm below the medial joint line. The
CP measurement method can be used clinically to evaluate
the CP after TKR as well as in patients with suspected
cruciate ligament lesions.

Acknowledgments The authors wish to acknowledge John Berns
and his team of the Radiology Department of the Sint Maartenskliniek
for taking the lateral radiographs. The authors also thank P.G.
Anderson for her editorial support.

Conflict of interest statement The authors declare that they have
no conflict of interest.

References

1. Arabori M, Matsui N, Kuroda R et al (2008) Posterior condylar
offset and flexion in posterior cruciate-retaining and posterior
stabilized TKA. J Orthop Sci 13:46-50

2. Archibeck MJ, Berger RA, Barden RM et al (2001) Posterior
cruciate ligament—retaining total knee arthroplasty in patients
with rheumatoid arthritis. J Bone Joint Surg Am 83-A:1231-1236

3. Banks SA, Harman MK, Bellemans J et al (2003) Making sense
of knee arthroplasty kinematics: news you can use. J Bone Joint
Surg Am 85-A(Suppl 4):64-72

4. Bellemans J, Banks S, Victor J et al (2002) Fluoroscopic analysis
of the kinematics of deep flexion in total knee arthroplasty.
Influence of posterior condylar offset. J Bone Joint Surg Br
84:50-53

5. Bellemans J, Ries MD, Victor JMK (2005) Total knee arthro-
plasty. Springer, New York



Knee Surg Sports Traumatol Arthrosc (2010) 18:388-393

393

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Cates HE, Komistek RD, Mahfouz MR et al (2008) In vivo
comparison of knee kinematics for subjects having either a pos-
terior stabilized or cruciate retaining high-flexion total knee
arthroplasty. J Arthroplast 23:1057-1067

. Christen B, Heesterbeek P, Wymenga A et al (2007) Posterior

cruciate ligament balancing in total knee replacement: the
quantitative relationship between tightness of the flexion gap and
tibial translation. J Bone Joint Surg Br §9:1046-1050

. D’Lima DD, Poole C, Chadha H et al (2001) Quadriceps moment

arm and quadriceps forces after total knee arthroplasty. Clin
Orthop Relat Res 392:213-220

. Dejour D, Deschamps G, Garotta L et al (1999) Laxity in pos-

terior cruciate sparing and posterior stabilized total knee pros-
theses. Clin Orthop Relat Res 364:182-193

Freeman MA, Pinskerova V (2003) The movement of the knee
studied by magnetic resonance imaging. Clin Orthop Relat Res
410:35-43

Garavaglia G, Lubbeke A, Dubois-Ferriere V et al (2007)
Accuracy of stress radiography techniques in grading isolated and
combined posterior knee injuries: a cadaveric study. Am J Sports
Med 35:2051-2056

Hartford JM, Banit D, Hall K et al (2001) Radiographic analysis
of low contact stress meniscal bearing total knee replacements.
J Bone Joint Surg Am 83-A:229-234

Hazaki S, Yokoyama Y, Inoue H (2001) A radiographic analysis
of anterior-posterior translation in total knee arthroplasty. J Ort-
hop Sci 6:390-396

Incavo SJ, Mullins ER, Coughlin KM et al (2004) Tibiofemoral
kinematic analysis of kneeling after total knee arthroplasty.
J Arthroplast 19:906-910

Martin Bland J, Altman DG (1986) Statistical methods for
assessing agreement between two methods of clinical measure-
ment. Lancet 326:307-310

Jacobs WC, Clement DJ, Wymenga AB (2005) Retention versus
removal of the posterior cruciate ligament in total knee replace-
ment: a systematic literature review within the Cochrane frame-
work. Acta Orthop 76:757-768

Jung TM, Reinhardt C, Scheffler SU et al (2006) Stress radio-
graphy to measure posterior cruciate ligament insufficiency:
a comparison of five different techniques. Knee Surg Sports
Traumatol Arthrosc 14:1116-1121

Kim H, Pelker RR, Gibson DH et al (1997) Rollback in posterior
cruciate ligament-retaining total knee arthroplasty. A radio-
graphic analysis. J Arthroplast 12:553-561

. Komistek RD, Dennis DA, Mahfouz M (2003) In vivo fluoro-

scopic analysis of the normal human knee. Clin Orthop Relat Res
410:69-81

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Li G, DeFrate LE, Park SE et al (2005) In vivo articular cartilage
contact kinematics of the knee: an investigation using dual-
orthogonal fluoroscopy and magnetic resonance image-based
computer models. Am J Sports Med 33:102-107

Li G, Suggs J, Hanson G et al (2006) Three-dimensional tibio-
femoral articular contact kinematics of a cruciate-retaining total
knee arthroplasty. J Bone Joint Surg Am 88:395-402

Misra AN, Hussain MR, Fiddian NJ et al (2003) The role of the
posterior cruciate ligament in total knee replacement. J Bone
Joint Surg Br 85:389-392

Pagnano MW, Hanssen AD, Lewallen DG et al (1998) Flexion
instability after primary posterior cruciate retaining total knee
arthroplasty. Clin Orthop Relat Res 356:39-46

Parratte S, Pagnano MW (2008) Instability after total knee
arthroplasty. Instr Course Lect 57:295-304

Pinskerova V, Johal P, Nakagawa S et al (2004) Does the femur
roll-back with flexion? J Bone Joint Surg Br 86:925-931

Schulz MS, Russe K, Lampakis G et al (2005) Reliability of
stress radiography for evaluation of posterior knee laxity. Am J
Sports Med 33:502-506

Schwab JH, Haidukewych GJ, Hanssen AD et al (2005) Flexion
instability without dislocation after posterior stabilized total
knees. Clin Orthop Relat Res 440:96-100

Staubli HU, Jakob RP (1990) Posterior instability of the knee
near extension. A clinical and stress radiographic analysis of
acute injuries of the posterior cruciate ligament. J Bone Joint Surg
Br 72:225-230

Staubli HU, Noesberger B, Jakob RP (1992) Stressradiography of
the knee. Cruciate ligament function studied in 138 patients. Acta
Orthop Scand Suppl 249:1-27

Torzilli PA, Greenberg RL, Insall J (1981) An in vivo biome-
chanical evaluation of anterior-posterior motion of the knee.
Roentgenographic measurement technique, stress machine, and
stable population. J Bone Joint Surg Am 63:960-968

van Duren BH, Pandit H, Beard DJ et al (2007) How effective are
added constraints in improving TKR kinematics? J Biomech
40(Suppl 1):S31-S37

Vedi V, Williams A, Tennant SJ et al (1999) Meniscal move-
ment. An in vivo study using dynamic MRI. J Bone Joint Surg Br
81:37-41

Victor J, Banks S, Bellemans J (2005) Kinematics of posterior
cruciate ligament- retaining and -substituting total knee arthro-
plasty: a prospective randomised outcome study. J Bone Joint
Surg Br 87:646-655

Wretenberg P, Ramsey DK, Nemeth G (2002) Tibiofemoral
contact points relative to flexion angle measured with MRI. Clin
Biomech (Bristol, Avon) 17:477-485

@ Springer



	A new measurement technique for the tibiofemoral contact point in normal knees and knees with TKR
	Abstract
	Introduction
	Patients and methods
	Contact point measurement technique
	Patients
	Analyses and statistics

	Results
	CP measurement technique reproducibility
	CP normal values of the natural knee

	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


