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Abstract Between January 1996 and December 1999, we
performed 30 derotational osteotomies with compression
nailing in 29 patients. In 18 cases (group 1), we used an
intramedullary saw (minimally invasive technique), and in
12 cases (group 2), we used a conventional open technique.
Follow-up included clinical, conventional radiological, and
computer tomographical assessment. The mean angle of
derotation was 28.6±12.3° in group 1 and 27.6±10.7° in
group 2. The postoperative mean rotational deviation be-
tween left andright sidewas7.9±6.7° ingroup1and6.6±4.4°
ingroup2.Therewere five postoperative complications: two
delayed unions, two insufficient corrections, and one infec-
tion.Therewasno significant differencebetween thegroups.
When using the minimally invasive technique, we recom-
mend the derotation angle to be marked with Schanz screws
instead ofKirschner wires, as soft-tissue resistancemay lead
to bending of these.

Résumé Entre janvier 1996 et décembre 1999, nous avons
exécuté 30 ostéotomies fémorales de dérotation avec en-
clouage en compression chez 29 malades. Dans 18 cas

(groupe 1), nous avons utilisé un scie intramédullaire (tech-
nique mini invasive) et dans 12 cas (groupe 2), nous avons
utilisé une technique ouverte conventionnelle. Le suivi à
était fait par estimation clinique, radiologie conventionnelle,
et tomodensitométrie. L’angle moyen de dérotation était
28,6°±12,3 dans le groupe 1 et 27,6°±10.7 dans le groupe 2.
La déviation rotationnelle moyenne postopératoire entre le
côté gauche et le côté droit était 7,9°±6.7 dans le groupe 1 et
6,6°±4.4 dans le groupe 2. Il y avait cinq complications
postopératoires: deux retards de consolidation, deux correc-
tions insuffisantes et une infection. Il n’y avait aucune dif-
férence significative entre les groupes. Quand on utilise la
technique mini invasive nous recommandons de marquer les
angles de dérotations avec des vis de Schanz plutôt que des
broches de Kirschner car la résistance des parties molles peut
les courber.

Introduction

Rotational deformities of the femur are frequently reported
complications following fracture treatment, especially after
closed intramedullary nailing. In general, it is difficult to
diagnose rotational deformities accurately by clinical as-
sessment alone; therefore, the incidence and the severity are
often underestimated. Precise correction is technically de-
manding, and there is still some controversy surrounding
the optimal choice of operative technique. Minor rotational
deformities of the femur are mostly asymptomatic. Rota-
tional deformities up to 15° are considered within the phys-
iological range in central European adults [15]. Operative
correction may be indicated for angles greater than 15–20°.
Important clinical considerations are the range of internal
and external hip rotation, but the nature and extent of the
deformity, the associated functional deficit, and factors such
as age, mobility, and past medical history must be taken
into account. We evaluated the use of intramedullary com-
pression nailing for stabilization of corrective osteotomies
for posttraumatic femoral rotational deformities. We com-
pared open osteotomy to a minimally invasive operative
technique.

T. Mückley (*) . I. Marintschev . G. O. Hofmann
Department of Trauma, Hand and Reconstructive Surgery,
University Hospital, Friedrich Schiller University Jena,
Jena, Germany
e-mail: thomas.mueckley@med.uni-jena.de
Tel.: +49-3641-9326230
Fax: +49-3641-9322802

T. Mückley . I. Marintschev . G. O. Hofmann
Department of Trauma and Reconstructive Surgery,
Berufsgenossenschaftliche Kliniken
Bergmannstrost Halle/Saale,
Halle/Saale, Germany

C. Lerch . V. Bühren
Trauma Surgery,
Berufsgenossenschaftliche Unfallklinik Murnau,
Murnau, Germany

O. Gonschorek
Department of Trauma and Reconstructive Surgery,
University Hospital Leipzig,
Leipzig, Germany



Materials and methods

Between January 1996 and December 1999, 29 patients (18
women, 11 men) with a mean age of 34.9 (range 18–62)
years underwent operative correction of 30 femoral ro-
tational deformities. In all cases, the deformity followed
treatment of a femoral shaft fracture. Primary fracture care
included intramedullary nailing in 19 cases, plate fixation in
ten, and nonoperative treatment in one. The time between
injury and correction of the deformity ranged from 5months
to 15 years, with a mean of 3.1 years. In all cases, complete
fracture healing had occurred by the time of correction.

All patients underwent serial follow-up evaluations.
Follow-up time ranged from 8 to 47 months, with a mean
of 19.4 months after corrective osteotomy. The assess-
ment included a physical examination, plain radiographs,
and computed tomography (CT) scans. Fracture healing
was defined as consolidation of at least three cortices. Non-
union was defined as a lack of bone consolidation 8 months
following surgery. Postoperative femoral torsion was com-
pared to preoperative values. Femoral torsion was deter-
mined by CT scans of the injured and unaffected sides in all
patients using standardized proximal and distal reference
points [2, 15]. A follow-up scoring system was developed,
closely modelled on the Neer scoring system [14]. Eval-
uation included functional criteria and anatomical and ra-
diological findings. The maximum possible score was 100.
Scores of greater than 86 were considered excellent, scores
between 85 and 71 were satisfactory, scores between 56 and
70 were unsatisfactory, and scores less than 55 were re-
corded as failures.

Operative technique

Rotational corrective osteotomy was performed at the level
of the former fracture site using either an open technique or
a closed minimally invasive technique. Existing hardware
was removed prior to osteotomy. In the open technique, the
femoral shaft was exposed via a posterolateral approach.
The derotational angle was marked with Kirschner wires,
and osteotomy was performed using an oscillating saw at
the predetermined site. After correction of the angle, the
fragments were stabilized with an antegrade intramedullary

compression nail (Osteo AG, Selzach, Switzerland), and
compression at the osteotomy site was applied [3].

For the minimally invasive technique, osteotomy was
performed using an intramedullary saw (Fig. 1) [13]. First
the d-rotational angle was marked with Kirschner wires
percutaneously. After intramedullary reaming, the saw was
introduced into the intramedullary canal and osteotomy
was performed using a closed technique under fluoroscopic
control. If the osteotomy could not be completed with the
intramedullary saw alone, an osteotomewas used via a small
skin incision. After derotation, the osteotomywas stabilized
by intramedullary compression nailing as described above
for the open technique.

Postoperative management was similar for both tech-
niques. Wound drains were removed on the second postop-
erative day. Physiotherapy was initiated on the same day,
allowing weight bearing as tolerated. Sutures were removed
on the 12th postoperative day. All patients had postoper-
ative plain radiographs and CT scans followed by plain ra-
diographs at 6 weeks, 3 months, and 6 months.

Results

We evaluated a total of 30 corrective rotational osteotomies
(Fig. 2). The minimally invasive technique was performed
in 18 cases (Table 1) and open osteotomy in 12.

Operative time ranged between 69 and 170 min, with a
mean of 122±53 min for the open and 101±29 min for the
minimally invasive procedure. This included hardware re-
moval in 16 cases (12 open group, four minimally invasive
group). In all 30 cases, compression nailing with com-
pressed dynamic locking was performed. Hospital stay was
16.7 days for open and 14.5 days for minimally invasive
procedures. Three patients of the minimally invasive group
and two of the open group required blood transfusions.

Follow-up evaluations and scoring produced an overall
mean score result of 84.9±6.9 points. Fifteen patients were
recorded as having excellent scores, 13 as satisfactory, and
two as unsatisfactory. There was no statistical difference in
the clinical outcome between the two groups (minimally
invasive group: mean score 82.5±6.8; open group: mean
score 87.1±7.0).

Fig. 1 a Intramedullary saw in
different sizes. b Intramedullary
osteotomy under fluoroscopic
control.
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Measurements based on CT scans showed a postopera-
tive mean correction angle of 28.1±11.4° (range 7–60°)
with a mean rotational deviation between the left and right
sides of 7.3±5.2°. Comparing the two techniques, the mean
angle of derotation using the minimally invasive technique
was 28.6±12.3° (range 7–60°) and for the open technique
was 27.6±10.7° (range 9–43°). Postoperative mean rota-
tional deviation between left and right sideswas 6.6±4.4° for
the open procedure and 7.9±6.7° for the minimally invasive
group. There was no statistically significant difference be-
tween the groups. Two cases of insufficient correction (19
and 23°) occurred in the group that underwent theminimally
invasive technique (Fig. 3).

Complications occurred in five cases. Delayed union was
seen in two cases, insufficient correction in two, and in-

fection in one. No statistically significant difference in com-
plication rates was seen when comparing the minimally
invasive technique to the open technique (p=0.317, Pearson
chi-square).

Discussion

Postoperative deformities are well-known complications
after operative fixation of femoral shaft fractures [19]. Not
only can angular deformities occur but also rotational and
leg-length deformities. In particular, intramedullary nailing
of the femur is associated with postoperative rotational de-
formities secondary to the difficulties inmaintaining control
over fracture torsion associated with closed reduction and
fracture fixation [11, 19]. Femoral rotational deformities
are difficult to diagnose accurately by clinical assessment
alone [9, 22]. An evaluation by CT scans has demonstrated
that the incidence of rotational deformities after intramed-
ullary nailing of femoral shaft fractures is actually much
higher than clinically suspected [19]. In a study by Strecker
et al., the incidence of rotational malalignment greater than
15° was shown to be 26% [19]. Franzreb et al. showed that
even among experienced clinicians, deviations of greater
than 10° were found in 41% of cases comparing clinical
assessment versus measurements based on CT scans [6].
Today, bilateral CT scans have been established as the gold
standard for diagnosis of rotational deformities of the femur
[2, 5, 9].

The indication for operative correction of posttraumatic
rotational deformities is based on a variety of criteria. Care-
ful physical examination with analysis of the leg geometry
and hip joint motion is the basic essential, followed by ra-
diographic and computer tomographic assessment. Impor-

Table 1 Patient data comparing the two techniques (minimally in-
vasive vs. open)

Minimally invasive
technique

Open
technique

Cases (n) 18 12
Deformity 18 rotational 12 rotational
Operative time 101±29 min 122±53 min
Planned derotation
angle

28.6±12.3° 27.6±10.7°

Postoperative
rotational
deviation

7.9±6.7° 6.6±4.4°

Neer score 82.5±6.8 87.1±7.0
Complications 2 insufficient correction,

1 infection, 1 delayed
union

1 delayed
union

Fig. 2 a A 24-year-old patient
with an external rotational de-
formity of 30° after intramedul-
lary nailing of a proximal
femoral shaft fracture 9 months
ago. b After removal of the nail
and reaming, the intramedullary
osteotomy at the former fracture
site was performed. After nail
insertion and derotation, com-
pression locking was applied.
c X-ray controls verifying bone
healing.
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tant clinical criteria are the total amount of hip rotation and
lack of internal or external rotation [18]. For interpretation
of these results, it is important to bear in mind the phys-
iological range of femoral torsion. Strecker et al. compared
the rotational deviation between left and right femurs in
healthy individuals and showed that it was 14.8° at the
99th percentile [17]. Therefore, most studies consider a
combination of clinical symptoms and a rotational defor-
mity of greater than 15–20° to be an indication for correction
[1, 15, 17].

A variety of operative techniques for correcting lower-
limb rotational deformities have been described in the
literature; however, there are few specific studies on tech-
niques for correction of posttraumatic rotational deformi-
ties in the femoral shaft. If the deformity is diagnosed in
the early stages prior to fracture consolidation, operative
revision of the osteosynthesis with intraoperative derota-
tion is possible. After fracture healing is complete, osteo-
tomy for correction of the deformity must be considered.
The conventional approach is open exposure at the de-
formity level [12, 23]. The correction angle is planned
on preoperative CT scans and intraoperatively marked on
the bone with Kirschner wires or Schanz screws. Subse-
quently, a transverse osteotomy and derotation is performed
[12]. For osteosynthesis, various fixation techniques can be
used. Specifically addressing correction of rotational de-
formities of the femoral shaft after intramedullary nailing
procedures, Strecker et al. described a technique in which
the nail is left in place [16]. The locking screws of the nail
are removed, and rotational correction after osteotomy is
performed via a posterolateral approach and new locking
screws are inserted. The corrected alignment is then sta-
bilized with an additional six-hole dynamic compression

plate to prevent correction loss. Gonschorek et al. described
a minimally invasive technique for rotational deformity cor-
rection in the femoral shaft using an intramedullary saw
for osteotomy combined with intramedullary compression
nailing [7]. The intramedullary saw was first described
by Thompson in 1954 and Küntscher in 1966. It allows
closed osteotomy without stripping of the surrounding soft
tissues [13, 20]. The periosteum is left intact, which im-
proves callus formation and bone healing. Chapman and
Winquist confirmed the beneficial results of the intramed-
ullary saw for shortening osteotomies [4, 21]. Inadequate
fixation of transverse osteotomies by standard intramedul-
lary nails must be considered since standard screws have
a certain amount of play within their locking holes. This
amount of primary rotational instability can be minimized
by the use of special nail designs, such as compression nails.

We evaluated our results by comparing pre- and post-
operative rotation angles on CT scans. We achieved 28.1±
11.4° mean correction angle. Overall, postoperative mean
rotational deviation was 7.3±5.2°. In another series on
correction of femoral rotational deformities, Strecker et al.
[16] demonstrated a remaining mean postoperative differ-
ence between right and left femoral rotation of 6.4° in 15
patients and Grützner et al. of 7° in 30 patients [8].

Out of a total of 30 cases, the minimally invasive tech-
nique was used in 18 cases. The achieved mean rotational
deviation between left and right side was 6.6±4.4° for the
open and 7.9±6.7° for the minimally invasive group. There
was no statistically significant difference in outcome be-
tween the two techniques. In the minimally invasive group,
complications included two patients with rotational mal-
alignment of greater than 15°. In both cases, the cause of
insufficient correction was not clear.Whether theminimally
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Fig. 3 Comparison between the
planned and achieved derotation
angle in open vs. minimally
invasive technique. In the mini-
mally invasive group, 2 patients
showed insufficient correction
of greater than 15°.
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invasive technique is associated with a higher incidence
of insufficient correction can, therefore, not be definitely
determined. Future studies involving larger case numbers
might clarify this issue.

Our results demonstrate the feasibility of closed osteo-
tomy and intramedullary compression nailing for the cor-
rection of femoral rotational deformities. However, more
complex deformities can only be managed by open osteo-
tomy. The open technique is also preferred in cases with
previous plate osteosynthesis since hardware removal itself
requires open exposure. It should be mentioned that despite
the benefits of closed osteotomy, complete osteotomy is not
always achieved with an intramedullary saw. This is par-
ticularly so in regions with abundant callus formation and at
the diaphyseal–metaphyseal junction where often only a
circumferential weakening of the bone is achieved using an
intramedullary saw. In these cases, completion of the osteo-
tomy is achieved with an osteotome via a small skin in-
cision. In our study, three of 18 cases (16.7%) had to be
completed with an osteotome.

The technique of marking the correction angle with
Kirschner wires, as used in our study, is not without con-
troversy. Kinzl showed that bending of the wires may occur,
leading to false angulation [10]. In closed osteotomy, the
soft-tissue resistance contributes to bending of the wires,
altering the marked correction angle. In this case, the angle
between the wires becomes greater at the bone than at the
skin level, leading to over correction. In our study, the two
insufficiently rotated cases had a planned correction angle
of 30 and 37°, respectively. However, in eight other cases
involving correction angles greater than 30°, use of the
minimally invasive technique did not result in any mal-
alignment. We could, therefore, draw no general conclu-
sions about errors due to bending of the wires. Nevertheless,
we now prefer using Schanz screws of 5 mm diameter in-
stead of Kirschner wires.

Grützner et al. described another mechanism of error
associated with the placement of Schanz screws versus
Kirschner wires [8]. The key point inmarking the correction
angle is to consider the centre of the angle, i.e., the inter-
section of the wires should lie in the centre of the medullary
canal, which is the rotational centre of the bone. Deviation
of a fewmillimetres could result in clinically relevant errors.
However, it cannot be concluded from these criteria that
open derotational osteotomy should be favoured over a
closed technique. Our results show that in 16 of 18 cases
(89%), the minimally invasive technique resulted in devia-
tions of less than 15° and in nine of these cases, the devia-
tion was less than 5°. As an option for the future, surgical
navigation may improve the possibility of intraoperative
control and monitoring of the derotational angle.

Apart from CT analysis, most evaluations have focused
on functional and anatomical criteria. In the Neer scoring
system, six parameters are evaluated for a maximum score
of 100 points. The average score in our study was 84.9±
6.9, which reflects an overall satisfactory (close to excel-
lent >85) result. We saw unsatisfactory results in two cases.
In both of these cases, the minimally invasive technique
resulted in insufficient correction of the deformity.

In summary, postoperative results and complications
were not significantly different between the open and closed
technique. The complication rates of both groups are com-
parable to other results reported in the literature. In our study,
the open technique always included hardware removal of
plates in addition to the osteotomy and nailing procedure.
Therefore, the open technique is associated with longer
operating time and hospital stay. Achieving the planned
angle of derotation is technically more demanding using the
minimally invasive technique and, therefore, more prone to
failure. Clear advantages of the technique are the closed
osteotomy without stripping of the surrounding soft tissues
and the resulting smaller skin incisions.

References

1. Braten M, Terjesen T, Rossvoll I (1992) Femoral anteversion in
normal adults. Ultrasound measurements in 50 men and 50
women. Acta Orthop Scand 63:29–32

2. Buddenbrock B, Wissing H, Muller RD, John V (1997) Ra-
diological determination of femoral rotation deformity—com-
puterized tomography, optimized measurement accuracy and
exposure dosage. Z Orthop Ihre Grenzgeb 135:9–16

3. Buhren V (2000) Intramedullary compression nailing of long
tubular bones. Unfallchirurg 103:708–720

4. Chapman ME, Duwelius PJ, Bray TJ, Gordon JE (1993) Closed
intramedullary femoral osteotomy. Shortening and derotation
procedures. Clin Ortop 245–251

5. Dugdale TW, Degnan GG, Turen CH (1992) The use of com-
puted tomographic scan to assess femoral malrotation after in-
tramedullary nailing. A case report. Clin Ortop 258–263

6. Franzreb M, Strecker W, Kinzl L (1995) Reliability of clinical
torsion and length measurement of the lower extremities. Akt
Traumatol 25:153–156

7. Gonschorek O, Beickert R, Hofmann GO, Buhren V (1998)
Minimalinvasive Technik zur Derotationsosteotomie des Femur
unter Verwendung von Innenraumsäge und Verriegelungskom-
pressionsmaknagelung. Osteosynthese Int 6 (Suppl 1):11–12

8. Grützner P, Hochstein P, Simon R, Wentzensen A (1999)
Determination of torsion angle after shaft fractures of the low-
er extremity—clinical relevance and measurement techniques.
Chirurg 70:276–284

9. Keppler P, Strecker W, Kinzl L (1998) Analysis of leg geometry
—standard techniques and normal values. Chirurg 69:1141–
1152

10. Kinzl L, Strecker W (1998) Single corrective osteotomy after
knee para-articular fractures. Chirurg 69:1161–1166

11. Krettek C, Schandelmaier P, Tscherne H (1997) New develop-
ments in stabilization of dia- and metaphyseal fractures of long
tubular bones. Orthopade 26:408–421

12. Kreusch-Brinker R, Schwetlick G (1990) Corrective osteotomy
of the femoral and tibial shafts using the interlocking nail.
Unfallchirurgie 16:236–243

13. Kuntscher G (1966) Experience with closed osteotomy. Chirurg
37:69–71

14. Neer CS II, Grantham SA, Shelton ML (1967) Supracondylar
fracture of the adult femur. A study of one hundred and ten
cases. J Bone Joint Surg Am 49:591–613

15. Strecker W, Franzreb M, Pfeiffer T, Pokar S, Wikstrom M,
Kinzl L (1994) Computerized tomography measurement of tor-
sion angle of the lower extremities. Unfallchirurg 97:609–613

16. Strecker W, Hoellen I, Keppler P, Suger G, Kinzl L (1997)
Correcting torsion after intramedullary nailing osteosynthesis of
the lower extremity. Unfallchirurg 100:29–38

17. Strecker W, Keppler P, Gebhard F, Kinzl L (1997) Length and
torsion of the lower limb. J Bone Joint Surg Br 79:1019–1023

172



18. Strecker W, Keppler P, Kinzl L, Hehl G (1998) Osteotomy of
the proximal femur for correction of post-traumatic changes.
Chirurg 69:1153–1160

19. Strecker W, Suger G, Kinzl L (1996) Local complications of
intramedullary nailing. Orthopade 25:274–291

20. Thompson TC, Straub LR, Campbell RD (1954) An evaluation
of femoral shortening with intramedullary nailing. J Bone Joint
Surg Am 36:43–56

21. Winquist RA, Hansen ST Jr, Pearson RE (1978) Closed
intramedullary shortening of the femur. Clin Ortop:54–61

22. Wissing H, Buddenbrock B (1993) Determining rotational errors
of the femur by axial computerized tomography in compari-
son with clinical and conventional radiologic determination.
Unfallchirurgie 19:145–157

23. Zenker H (1972) Indications and technic of correction osteo-
tomies in the shaft of long bones. Arch Orthop Unfallchir 74:
205–223

173


	Compression nailing for posttraumatic rotational femoral deformities: open versus minimally invasive technique
	Abstract
	Abstract
	Introduction
	Materials and methods
	Operative technique

	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /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
  /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 0.15
    /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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


