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An adequate level of physical activity has a substantial effect on both mental and physical human health.
Physical activity is largely dependent on the function of the musculoskeletal and articular system. One of the most
frequent diseases of this system is degenerative joint disease. Due to the changing and more demanding lifestyles and
patients’ willingness to be involved in sports activity, the expectations of hip joint arthroplasty are becoming
increasingly high. Alleviating pain ceases to be the only reason for which patients choose surgical interventions, while
the expectations often include involvement in various sports. Only few studies contain recommendations concerning
the frequency, type and intensity of sports activity which are acceptable after hip joint arthroplasty. The aim of the
study was to evaluate function and physical activity of people following cementless short-stem hip joint arthroplasty in
the observation of at least five years. The study group comprised 106 patients who underwent total hip arthroplasty due
to degenerative joint diseases, chosen according to inclusion criteria. Patients underwent routine physical examinations
following the Harris Hip Score protocol, responded to the UCLA scale and questionnaires concerning pre-surgical and
current physical activity. Our results demonstrated that hip joint arthroplasty in people suffering from degenerative
joint diseases has a beneficial effect on their level of functioning and physical activity. Although physical activity and
the level of functioning obviously reduced as a person aged, the level of physical activity continued to be very high in
both groups, with function of the hip joint evaluated as very good.
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Introduction

An adequate level of physical activity has disease. According to certain studies, this disease
a substantial effect on both mental and physical affects even 40% of total population of older
human health. Its role has been documented in adults aged over 70 years (Dieppe and
both preventive healthcare and supporting Lohmander, 2005), whereas the most frequent
treatment of diseases of the cardiovascular locations are knee and hip joints. The
system, obesity and diabetes (Lee et al., 2012; Ravi degenerative joint disease is numbered among
et al., 2014). Furthermore, physical activity has age-related diseases, with common symptoms
been found to reduce stress and help combat including articular cartilage defects, formation of
depression (Dunn et al., 2001; Nabkasorn et al., juxtaarticular ~ osteophytes, changes in the
2006). Human physical activity is largely subchondral region and chronic inflammations of
dependent on the function of the musculoskeletal the synovial membrane. Its main symptoms are
and articular system. One of the most frequent pain and progressing dysfunction of the joint
diseases of this system is degenerative joint affected by the disease. However, this disease
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does not concern only older people. With greater
availability and quality of diagnostic tests,
degenerative joint disease is more and more
frequently diagnosed in younger people.
Unfortunately, conservative treatment is rarely
effective, and, consequently, the mean age of
patients qualified for joint replacement surgeries
is constantly decreasing (Ravi et al., 2012). Due to
the changing and more demanding lifestyles and
patients' willingness to be involved in sports
activity, the expectations of hip joint arthroplasty
are becoming increasingly high. Alleviating pain
ceases to be the only reason for which patients
choose surgical interventions, while the
expectations often include involvement in various
sports (Niederle and Knahr, 2007).

In most cases, patients who want to return
to sport following hip joint arthroplasty rely on
the recommendations and experiences of case
physicians. Some sport activities, such as walking,
cycling, swimming or dancing, are considered in
the literature as acceptable without major
contraindications and adequate for any patient
after hip joint replacement. The activities that
cause a greater load to the joint and those linked
to greater injury rates, such as running, contact
sports, team sports, squash, ice skating, roller
skating, skiing and snowboarding, are commonly
regarded as not recommended for most patients
or possible to be practised by trained and
experienced athletes (Klein et al., 2007; Ritter and
Meding, 1987; Swanson et al., 2009). Only few
studies contain recommendations concerning the
frequency, type and intensity of sports activity
which are acceptable after hip joint arthroplasty.

Undoubtedly, the final result of the
surgery and patient's health status after total hip
replacement are affected by a plethora of factors,
among which there are the type of the implant
used and the method of its fixation to the bone.
The most popular implants used in surgical
interventions in patients with degenerative joint
diseases aged under 65 years are cementless
metaphyseal  prostheses  (Canadian  Joint
Replecement Registry, Annual Report 2015;
Australian Orthopaedic Association National
Joint Replecement Registry, Annual Report 2016).
With various substances used to coat the
endoprosthesis surface (e.g. hydroxyapatite,
calcium phosphate), it is possible to implant them
into the bone without using additional stabilizers

such as bone cements. The use of cementless
prostheses leads to their osseointegration i.e.
overgrowing the implant with the osseous tissue.
The time necessary for complete stabilization of
the prosthesis in the bone ranges from around 6 to
8 weeks. However, the secondary stabilization
achieved in the process is much better than that
observed when bone cement is used. These
prostheses are also termed anatomical, as the
major part of the proximal end of the femur is
maintained and, if properly fixed, allows for full
replication of the anatomical relations in the hip
joint. This solution offers patients the
opportunities for the return to good health status
and quality of life following hip joint arthroplasty.

The aim of the study was to evaluate
function and physical activity of people following
hip joint arthroplasty in the observation of at least
five years using cementless metaphyseal hip joint
arthroplasty.

Methods

The study group included patients who
underwent surgical treatments in the 1st
Department of Trauma and Orthopaedic Surgery
of the District Hospital of Trauma Surgery in
Piekary Slaskie, Poland, due to degenerative joint
diseases, chosen according to inclusion criteria.
The inclusion criteria were: age below 65 years,
hip joint arthroplasty using the specific
metaphyseal implant, primary hip joint
arthroplasty, male patients, no prior surgeries in
the area of the femur. The minimum period of
observations was set at 5 years. All patients had
been operated by two senior assistants in the 1st
Department of Trauma and Orthopaedic Surgery
who were specialists in the field of trauma and
orthopaedics. The R3 acetabular system with
Verilast articulation and Nanos hip stem
(Smith&Nephew) were used in all patients.

All patients who fulfilled the inclusion
criteria were invited for a medical appointment to
the hospital outpatient clinic. Among 137 patients
who fulfilled criteria, 106 subjects accepted the
invitation. During the appointment, the patients
underwent  routine  physical examinations
following the Harris Hip Score protocol,
responded to the UCLA scale and questionnaires
concerning pre-surgical and current physical
activity. Next, the patients were divided into two
age groups and the results were analysed
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statistically.

The Harris Hip Score (HHS) protocol was
used to evaluate the activity of the hip joint,
rehabilitation outcomes and surgical treatment of
the hip joint (Frihagen et al., 2008; Hoeksma et al.,
2003). It contains a set of questions and requires
further examination of the range of movement in
the hip joint and assessment of the patient's walk.
The scale evaluates pain intensity (max. 44
points), function (max. 47 points), deformations
(max. 4 points) and joint mobility (max. 5 points).
The maximal score is 100 points, with the results
over 90 points considered as very good, 80-90
points as sufficient and below 70 as poor. The
scale was first described and used in 1969 (Harris,
1969).

The UCLA activity score was used to
evaluate and monitor the physical activity level in
the population. The scale is composed of 10 levels
of physical activity, from complete inactivity,
inability to move independently and dependency
on others through amateur involvement in
swimming or bicycling to regular participation in
such sports as ballet, acrobatics, mountain
backpacking, skiing, tennis or running.

Results

The considered variables were evaluated
for the whole study group and with division into
two age categories: patients aged below 60 years
and over 60 years. The age group of < 60 years
(Group I) included 48 patients, whereas the > 60
group (Group II) was comprised of 58 patients.
Mean age was 52 years (SD =5 years) in Group I
and 64 years (SD = 1) in Group II. No statistically
significant differences were found between all the
patients concerning body height, body mass and
BMI (Table 1).

Function of the hip joint after hip joint arthroplasty:
HHS scale

All patients obtained poor results of hip
joint function before the surgery on the HHS scale
(< 70 points). The mean pre-surgical HHS score
for the whole study group was 35.54 (SD = 14.22),
with 87.42 (SD = 8.53) after the intervention,
which resulted in statistically significant
differences (p < 0.001) with a mean of 51.88 (SD =
14.47). Patients from Group 1 showed a
statistically better HHS score before surgical
interventions (p = 0.016) of 39.56 (SD = 12.33),
compared to patients from Group II, with a mean
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score of 32.21 (SD = 14.90). Statistically better
results (p = 0.005) after surgical treatment were
documented for patients from the < 60 group
compared to the > 60 group. Mean values for
these groups were 89.97 (SD = 6.29) and 85.32 (SD
= 9.56), respectively (Figure 1).

Level of physical activity: the UCLA activity score

Examination of the level of physical
activity on the UCLA scale showed that mean
physical activity in the whole group before
surgical intervention was 2.75 (SD = 0.82),
whereas after the surgery, the mean score was
5.32 (SD = 1.65). The difference in the scores (2.58,
SD = 1.60) was statistically significant (p < 0.001).
Patients from the < 60 group had statistically
better results in both the pre-surgical and post-
surgical level of physical activity compared to the
patients from the > 60 group. These results were
2.96 (SD = 0.68) and 5.98 (SD = 1.56), respectively
for Group I and 2.57 (SD = 0.88) and 4.78 (SD =
1.52), respectively, for Group II. Statistical
significance was set at p = 0.001 for comparison of
pre-surgical activity and p <0.001 for post-surgical
activity (Figure 2).

Type of physical activity: questionnaire survey

Among the patients from Group I, 73%
(35 patients) reported more frequent physical
activity following hip joint arthroplasty than
before the surgery, whereas in Group II this value
was only 43% (25 patients), which is statistically
better (p = 0.02) for Group I. In the first group,
none of the patients reported inactivity following
the surgical interventions, with 12% of such
patients from Group II (7 patients). Other subjects
reported a similar level of physical activity before
and after the surgery (Table 2). It should be
emphasized that the respondents were asked
about amateur involvement in sports.

In Group I, 92% of patients declared that
the only form of physical activity before the
surgery was walking and only 6% of them
reported another form of pre-surgical physical
activity (4% of patients cycled and 2% practiced
swimming). After the surgery, 50% of the patients
from Group 1 started cycling, 29% started
swimming, 23% were involved in team sports
(including volleyball and soccer) and 19% started
skiing. It should be emphasized that only 58% of
the patients reported walking following the
surgery, which is attributable to being involved in
other more demanding forms of physical activity.
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In this age group, all forms of physical activity

were significantly more frequent after the
treatment compared to before the treatment.

In the second age group, none of the
respondents reported skiing and participation in

team sports after the hip joint arthroplasty. In this

Sports activity following cementless metaphyseal hip joint arthroplasty

in cycling and 12% reported swimming after the
treatment, which points to statistically significant
results after than before the surgery. In this group,
frequency of walks also declined in the post-
surgical period (with 81% before to 69% after the
surgical intervention) (Table 3).

age group, 26% of the respondents were involved

Table. 1
Characteristics of the subjects
Age <60 (n=48) Age > 60 (n=58)
Mean SD Mean SD b
Age 52 5 64 1 <0.001
Body Mass (kg) 82.3 9.27 83.8 8.59 0.480
Body Height (cm) 177 6.32 177 4.83 0.584
BMI 26.1 2.38 26.8 2.43 0.117
Table 2
Frequency of physical activity following surgical interventions
Age <60 Age > 60
Percentage | Number | Percentage | Number b
Inactivity after surgery 0% 0 12% 7 0.013
I;/f[t‘:resurgsg,uem Activity | g, 35 43% 25 0.002
Table 3
Types of physical activity before and after surgery
Age<60 Age > 60
Percentage | Number | Percentage | Number p
Cycling, pre-surgery 4% 2 0% 0 0.121
post-surgery 50% 24 26% 15 0.011
p* <0.001 <0.001
Skiing, pre-surgery 0% 0 2% 1 0.373
post-surgery 19% 9 0% 0 0.003
p* 0.008 1.000
Walking, pre-surgery 92% 44 81% 47 0.121
post-surgery 58% 28 69% 40 0.260
p* 0.003 0.159
Swimming, pre-surgery 2% 1 0% 0.280
post-surgery 29% 14 12% 0.029
p* 0.001 0.018
Team sports, pre-surgery 0% 0 0% 1.000
post-surgery 23% 11 0% 0.003
p* 0.003 1.000
p * - comparison of values before and after the surgery
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Figure 1
Mean HHS with division into age groups
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Figure 2
Mean UCLA score results with division into age groups
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Discussion

The problem of sports activity following hip joint
arthroplasty is very complex. The results
presented in this study show that cementless
metaphyseal hip joint replacement relieves
patients from pain problems and improves
function of the joint affected by the degenerative
joint disease; furthermore, it helps patients return
to physical activity and, in most cases, increase its
level.

Recreational involvement in sports should
be recommended for patients after hip joint
replacement similar to recommendations for
people with healthy joints. It should be
emphasized that bone tissue in order to function
properly and maintain adequate quality, needs to
be exposed to specific loads that can be ensured
by participation in sports. For this reason, patients
should be encouraged to start active lifestyles, not
only in order to improve general health status and
physical capacity, but also to enhance implant
stability in the bone (Kuster, 2002). On the other
hand, increased physical activity and loads to the
articular surfaces of the hip joint implant are
likely to lead to more intensive friction and wear
in the artificial implant. For this reason, the choice
of the implant for a patient should be based on the
patient's expectation and age, life expectancy,
lifestyle and level of physical activity. In the
material presented in our study, we did not find
the symptoms of wear of the articular surfaces of
the implant in any patient.

Another aspect that should be taken into
consideration are complications arising from the
increased load to the prosthesis and injuries that
occur during increased physical activity of people
with hip joint endoprosthesis. It is difficult to
accurately assess the risk involved in participation
in sports after hip joint arthroplasty, but the forces
that act on the artificial joint and the surrounding
bone during physical exercise are likely to lead to
many complications. These include faster wear of
articular surfaces of the implant, loosening of
implant components, endoprosthesis luxations
and bone fractures near the prosthesis (Meira and
Zeni, 2014). However, there are reports showing
that the direct translation of physical activity into
these complications is not quite clear. Gschwend
et al. (2000) demonstrated greater wear of the
polyethylene insert of the prosthesis acetabulum

in a 10-year observation following surgeries in
patients actively involved in skiing compared to
non-skiers. However, in the same study group,
the risk of osteolysis and aseptic loosening of
prosthesis was lower than in patients who were
physically inactive (Gschwent et al., 2000). The
risk of hip joint endoprosthesis luxation is not
only linked to physical activity. Numerous studies
have found that most of hip joint endoprosthesis
luxations have been caused by everyday activities,
such as using the toilet, going to and out of bed,
changing socks and shoes (Leichtle et al., 2013;
Meira and Zeni, 2014). In our study, we did not
find any luxation or bone fracture near the
implant, but this might be attributable to the
character of the study group. Many authors have
emphasized that the elevated risk of these
complications occurs in female patients aged over
80 years and after previous surgical interventions
in the hip joint (Berry et al., 2004; Charissoux et
al.,, 2014; Jolles et al., 2002; Lindahl et al., 2007;
Meek et al., 2008), and such patients were not
qualified for the study.

A very important determinant of
successful return to physical activity following
hip joint arthroplasty is also rehabilitation, both
before and after the surgery. A high level of
muscle strength and adequate proprioception are
necessary to ensure proper function of the hip
joint. Rehabilitation protocols should be adjusted
to the post-surgery period and take into
consideration the type of implant or surgical
access location.

In conclusion, all patients following hip
joint arthroplasty should be encouraged to be
involved in physical activity. Physical activity is
not only important to maintain good general
health status, but it also improves quality of
osseous tissue which is critical to many-year
functioning of cementless prostheses (Seyler et al.,
2006). Our study showed that active involvement
in various sports following hip joint replacement
is possible. However, an individual approach
should be adopted for each patient before the
return to sport to fit their expectations, level of
fitness, physical capacity and activity, both before
and after the surgery.

Conclusions

All patients evaluated in this study
obtained HHS scores that pointed to their good
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(80 - 89) and very good (> 90) function of the hip
joint following surgery, with younger patients
(Group I) obtaining significantly better post-
surgical results than older patients (89.97 and
85.32, respectively, p = 0.05).

Physical activity assessed on the UCLA
scale increased in both groups, by 3.02 in Group I
and 2.21 in Group II, which indicates statistically
better results in Group I (p < 0.001). The post-
surgery results of the UCLA score in Group I
were also statistically significant. However, the
results documented in both younger and older
patients showed a substantial improvement in the
level of physical activity in all patients following

The data collected in the questionnaire
survey presented in the study lead to the
conclusion that most of the patients’ active
lifestyles improved after the total hip
replacement.

The above results demonstrate that hip
joint arthroplasty in people suffering from
degenerative joint diseases has a beneficial effect
on their level of functioning and physical activity.
Although physical activity and the level of
functioning obviously reduced as a person aged,
the level of physical activity continued to be very
high in both groups, with function of the hip joint
evaluated as very good.

hip joint arthroplasty.

References

Australian Orthopaedic Association National Joint Replecement Registry. Annual Report 2016, Hip, Knee
and Shoulder Arthroplasty. Adelaide: AOA, 2016. Available at: https://aoanjrr.sahmri.com/; accessed
on 15.09.2017

Berry DJ, von Knoch M, Schleck CD, Harmsen WS. The cumulative long-term risk of dislocation after
primary Charnley total hip arthroplasty. ] Bone Joint Surg Am, 2004 Jan; 86 - A (1):9 - 14

Charissoux JL, Asloum Y, Marcheix PS. Surgical management of recurrent dislocation after
total hip arthroplasty. Orthop Traumatol Surg Res, 2014 Feb; 100 (1 Suppl): S 25 - 34. doi:
10.1016/j.0tsr.2013.11.008. Epub 2014 Jan 13

Dieppe PA, Lohmander LS. Pathogenesis and management of pain in osteoarthritis. Lancet, 2005 Mar 12-18;
365(9463): 965-73

Dunn AL, Trivedi MH, O'Neal HA. Physical activity dose -
on outcomes of depression and anxiety. Med Sci Sports Exerc, 2001 Jun; 33 (6 Suppl): S587-97;
discussion 609-10

Frihagen F, Grotle M, Madsen JE, Wyller TB, Mowinckel P, Nordsletten L. Outcome after femoral neck
fractures: a comparison of Harris Hip Score, Eq-5d and Barthel Index. Injury, 2008; 39: 1147 — 56

Gschwend N, Frei T, Morscher E, Nigg B, Loehr ]J. Alpine and cross-country skiing after total hip
replacement: 2 cohorts of 50 patients each, one active, the other inactive in skiing, followed for 5 - 10
years. Acta Orthop Scand, 2000 Jun; 71(3): 243 - 9

Harris WH. Traumatic arthritis of the hip after dislocation and acetabular fractures: treatment by mold
arthroplasty. An end-result study using a new method of result evaluation. | Bone Joint Surg Am, 1969;
51:737-55

Hip and Knee Replecements in Canada: Canadian Joint Replecement Registry 2015 Annual Report,
September 2015, Canadian Institute for Health Information. Available at: https://www.cihi.ca/en/joint-

response effect

replacements; accessed on 15.09.2017

Hoeksma HL, van den Ende CH, Ronday HK, Heering A, Breedveld FC. Comparison of the responsiveness
of the Harris Hip Score with generic measures for hip function in osteoarthritis of the hip. Ann Rheum
Dis, 2003; 62: 935 - 8

Jolles BM, Zangger P, Leyvraz PF. Factors predisposing to dislocation after primary total hip arthroplasty:
a multivariate analysis. | Arthroplasty, 2002 Apr; 17(3): 282 - 8

Klein GR, Levine  BR, Hozack W], Strauss  EJ, D'Antonio  JA, Macaulay @ W,Di  Cesare PE.
Return to athletic activity after total hip arthroplasty. Consensus guidelines based on a survey of the
Hip Society and American Association of Hip and Knee Surgeons. | Arthroplasty, 2007 Feb; 22(2): 171-5

© Editorial Committee of Journal of Human Kinetics



232 Sports activity following cementless metaphyseal hip joint arthroplasty
(==~

Kuster MS. Exercise recommendations after total joint replacement: a review of the current literature and
proposal of scientifically based guidelines. Sports Med, 2002; 32(7): 433 - 45

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk KT. Physical Activity Working Group. Effect of
physical inactivity on major non - communicabe diseases worldwide: an analysis of burden of disease
and life expectancy. Lancet, 2012 Jul 21; 380 (9838): 219 - 29. doi: 10.1016/S0140-6736(12)61031-9

Leichtle UG, Leichtle CI, Taslaci F, Reize P, Wiinschel M. Dislocation after total hip arthroplasty: risk factors
and treatment options. Acta Orthop Traumatol Turc, 2013; 47(2): 96 - 103

Lindahl H, Oden A, Garellick G, Malchau H. The excess mortality due to periprosthetic femur fracture. A
study from the Swedish national hip arthroplasty register. Bone, 2007 May; 40(5): 1294 - 8. Epub 2007
Jan 18

Meek RM, Allan DB, McPhillips G, Kerr L, Howie CR. Late Dislocation after Total Hip Arthroplasty. Clin
Med Res, 2008 May; 6(1): 17 - 23. doi: 10.3121/cmr.2008.770

Meira EP, Zeni ] Jr. Sports participation following total hip arthroplasty. Int | Sports Phys Ther, 2014 Nov;
9(6): 839 - 50

Nabkasorn C, Miyai N, Sootmongkol A, Junprasert S, Yamamoto H, Arita M, Miyashita K.
Effects of physical exercise on depression, neuroendocrine stress hormones and physiological fitness
in adolescent females with depressive symptoms. Eur | Public Health, 2006 Apr; 16(2): 179-84. Epub
2005 Aug 26

Niederle P, Knahr K. Sporting activities following total hip and knee arthroplasty, Wien Med
Wochenschr, 2007 Jan; 157(1-2): 2 - 6

Ravi B Croxford R Reichmann WM Losina E Katz JN Hawker GA The changing demographics of total joint
arthroplasty recipients in the United States and Ontario from 2001 to 2007. Best Pract Res Clin
Rheumatol, 2012; 26(5): 637 - 47

Ravi B, Croxford R, Austin PC, Lipscombe L, Bierman AS, Harvey PJ, Hawker GA. The relation between
total join arthroplasty and risk fot serious cardiovasculat events in patients with moderate — severe
osteosrthritis: propen sity score matched landmark analysis. Br | Sports Med, 2014 Nov; 48(21): 1580.
doi: 10.1136/bjsports-2014-f6187rep

Ritter MA, Meding ]B. Total hip arthroplasty. Can the patient play sports again? Orthopedics, 1987 Oct;
10(10): 1447 - 52

Seyler TM, Mont MA, Ragland PS, Kachwala MM, Delanois RE. Sports activity after total hip and knee
arthroplasty: specific recommendations concerning tennis. Sports Med, 2006; 36(7): 571 — 83

Swanson EA, Schmalzried TP, Dorey FJ. Activity recommendations after total hip and knee arthroplasty: a
survey of the American Association for Hip and Knee Surgeons. | Arthroplasty, 2009 Sep; 24 (6 Suppl):
120 - 6. doi: 10.1016/j.arth.2009.05.014

Corresponding author:

Szymon Czech

District Hospital of Trauma and Orthopaedics in Piekary Slaskie,
Bytomska 62 str., ZIP 41940 Piekary Slaskie, Poland;

Phone: +48502317437;

E-Mail: czechszymon@tlen.pl;

Journal of Human Kinetics - volume 60/2017 http://www.johk.pl





<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


