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Abstract
Background: Hip dislocation in children with cerebral palsy (CP) is a common and severe
problem. The dislocation can be avoided, by screening and preventive treatment of children with
hips at risk. The aim of this study was to analyse the characteristics of children with CP who
develop hip displacement, in order to optimise a hip surveillance programme.

Methods: In a total population of children with CP a standardised clinical and radiological follow-
up of the hips was carried out as a part of a hip prevention programme. The present study is based
on 212 children followed until 9–16 years of age.

Results: Of the 212 children, 38 (18%) developed displacement with Migration Percentage (MP)
>40% and further 19 (9%) MP between 33 and 39%. Mean age at first registration of hip
displacement was 4 years, but some hips showed MP > 40% already at two years of age. The passive
range of hip motion at the time of first registration of hip displacement did not differ significantly
from the findings in hips without displacement.

The risk of hip displacement varied according to CP-subtype, from 0% in children with pure ataxia
to 79% in children with spastic tetraplegia. The risk of displacement (MP > 40%) was directly related
to the level of gross motor function, classified according to the gross motor function classification
system, GMFCS, from 0% in children in GMFCS level I to 64% in GMFCS level V.

Conclusion: Hip displacement in CP often occurs already at 2–3 years of age. Range of motion is
a poor indicator of hips at risk. Thus early identification and early radiographic examination of
children at risk is of great importance. The risk of hip displacement varies according to both CP-
subtype and GMFCS. It is sometimes not possible to determine subtype before 4 years of age, and
at present several definitions and classification systems are used. GMFCS is valid and reliable from
2 years of age, and it is internationally accepted.

We recommend a hip surveillance programme for children with CP with radiographic examinations 
based on the child's age and GMFCS level.

Background
Hip displacement in cerebral palsy (CP) is common. The

risk of progression to hip dislocation is 15–20% in the
total population of children with CP [1,2]. Hip disloca-
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tion in people with spasticity is a severe problem, with a
high risk of pain, development of severe contractures,
windswept deformity and scoliosis, resulting in problems
with positioning, sitting, standing and walking [3-5].

Hip dislocation in cerebral palsy is preventable, by repeat
radiographic and clinical examinations, and preventive
treatment in hips with displacement of the femoral head
[6-8]. To optimise the screening procedure it is important
to know the characteristics of those children at risk of dis-
location.

A CP register and a health care programme aimed at pre-
venting hip dislocation and severe contractures was initi-
ated in southern Sweden in 1994. We have used this total
material to study the clinical manifestations in children
who developed displacement related to those who did
not.

Methods
In 1994, a register and a health care programme for chil-
dren with CP (CPUP) was started in southern Sweden
[6,9]. The register includes all children with CP born after
1 January 1990, living in the area (the counties of Skåne
and Blekinge) with a total population of about 1.3 mil-
lion. The total population of children born 1990 and later
was systematically reviewed in 1998 and 2002 in order to
find all children with CP. The prevalence of CP in the
study period was 2.4/1000 live births [10]. Since 2005
CPUP has been a national health care register approved by
the National Board of Health and Welfare in Sweden.
CPUP includes a continuing standardised follow-up of
passive joint motion, gross and fine motor function, clin-
ical findings and treatment. Only children who were alive
at two years of age and had their brain lesion before that
age were included. The CP-subtype was determined after
the fourth birthday according to Hagberg et al [11]. The
gross motor function was classified according to the age-
related gross motor function classification system,
GMFCS [12] (Table 1). The local physiotherapist and
occupational therapist examine the children twice a year
until the age of six years and then once a year. Measure-
ment of passive joint of motion is done with a goniometer
in stated and standardised positions and joint angles.

CPUP also includes a standardised radiographic follow-
up of the children's hips. The hips were examined with
anteroposterior radiograph at diagnosis, then at least once

a year in children with diplegic, tetraplegic or dystonic
type of CP until eight years of age, then individually
(Table 2). Children with spastic hemiplegia or pure ataxia
were examined radiographically at four years of age. If the
radiograph was normal, no further examinations were
undertaken, unless the clinical follow-up showed decreas-
ing range of motion of the hips.

The migration percentage (MP) was measured on all radi-
ographs (Figure 1). All measurements were performed by
one of the authors. In hips with a "Gothic arch" formation
of the lateral margin, the midpoint of the arch was used as
reference point [13]. The hip programme started in 1994
and includes children born in 1992 or later. In the present
study, children with hips showing MP > 33% and > 40%
were analysed in relation to those with hips below these
limits. The hip with highest MP determined the classifica-
tion of the child.

In the present study the children born 1992–1997 have
been analysed. Only those born in the area and those who
have moved into the area before 2 years of age, and still
living in the area at 9 years of age and participating in
CPUP, were included in the study. We identified 212 chil-
dren fulfilling the criteria for inclusion (Table 3). The dis-
tribution of subtypes and GMFCS-levels of the 8 children
not participating in CPUP, and the 10 children not partic-
ipating in the radiographic screening in CPUP is presented
in Table 4. One child with dystonia and GMFCS level V,
not participating in CPUP had developed bilateral hip dis-
location. Most children not participating in the radio-
graphic screening were at GMFCS level I. The systematic
review of all children in 1998 and 2002 identified some
children that were late participating in CPUP. For the
analysis of age at lateral displacement and the analysis of
range of motion (ROM) at time of lateral displacement,
these four children were excluded (Table 3).

In the CPUP database all measurements of ROM are reg-
istered. Passive range of hip abduction, external rotation,
internal rotation and extension was recorded from the
examination performed at the same age as the first radio-
graphic presentation of hip displacement. The Cox model
[14] was used for evaluating effects of range of hip motion
on the risk of developing MP > 33% or > 40%. Estimates
of effects are presented as relative risk, both crude and
adjusted for potential confounders (GMFCS level, CP-
subtype, age). The estimates can be interpreted as the ratio

Table 1: Summary of the criteria for the Gross Motor Function Classification System(GMFCS) for children 6–12 years of age.

Level I Walks without restrictions, limitations in more advanced gross motor skills.
Level II Walks without restrictions, limitations walking outdoors and in the community.
Level III Walks with assistive mobility devices, limitations walking outdoors and in community.
Level IV Self-mobility with limitations, children are transported or use power mobility outdoors and in the community.
Level V Self-mobility is severely limited, even with the use of assistive technology.
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of risk between two patient groups that differ by only one
degree of ROM.

Results
Of the 212 children, 38 (18%) developed MP > 40% and
a further 19 (9%) developed MP 33–39%. The remaining
155 children (73%) did not show lateral displacement
exceeding 33%. No child had developed a hip dislocation.
None of the 155 children with MP < 33% had been oper-
ated with preventive surgery. Of the 57 children with MP
> 33%, one was operated with femoral varisation osteot-
omy and three were operated with selective dorsal rhizot-
omy when MP was 33–39%. Three of these children
remained with MP < 40%. One boy operated with selec-
tive dorsal rhizotomy at 6 years of age developed MP >
40% at twelve years of age.

The age at first registration of MP > 33% or > 40% is pre-
sented in Figure 2. The children with MP > 40% are pre-
sented with both the age at registration of MP > 33%, and
the age at registration of MP > 40%. Median age at first
registration of MP > 33% was 4 years (range 1–9 years),

and median age at first registration of MP > 40% was 4
years (range 1–12 years).

The range of hip motion at age at first registration of MP
> 33% or > 40% is presented in Table 5. In the crude rela-
tive risk estimates a significant (p < 0.05) effect was found
for external rotation and extension for MP > 33% and
external rotation and abduction for MP > 40% (Table 6).
In the adjusted estimates no change in risk related to hip
ROM was found.

The distribution of MP related to subtype is presented in
Table 7 and Figure 3. No child with spastic hemiplegia or
pure ataxia developed MP > 40%. The highest risk of hip
displacement was seen in children with spastic tetraplegia,
where 11 of 14 children (79%) had MP > 40%. Children
with spastic diplegia and the dyskinetic forms showed
intermediate risk of hip displacement.

The risk of hip displacement increased in relation to the
level of gross motor function according to GMFCS (Table

Table 4: Distribution of CP-subtype and GMFCS-level in 8 
children not participating in CPUP and 10 children not 
participating in the radiographic hip screening in CPUP.

CP-subtype
/GMFCS-level

Not partici-pating 
in CPUP

Not partici-pating in 
radiographic 
hip screening

Total

Spastic
Hemiplegia 7 7
Tetraplegia 1 1
Diplegia 1 1 2
Dyskinetic
Dystonia 1 1
Atetosis
Ataxic 4 2 6
Unclassified 1 1

GMFCS
I 3 9 12
II 1 1
III
IV
V 2 2
Unclassified 3 3

Table 3: The number of children with cerebral palsy in the 
population and in the study

Born in the area 1992–1997 214
Moved into the area before 2 years of age 22
Moved out of the area before 9 years of age 3
Died before 9 years of age 3
Not participating in CPUP 8
Not participating in radiographic hip screening 10
Number of children in the present study (diagnosis, GMFCS) 212
Late participation in CPUP 4
Number of children in the present study (age, ROM) 208

Table 2: The radiographic prevention programme 1994–2006

Spastic hemiplegia
Ataxic CP

Radiographic examination at 4 years of age*

Spastic diplegia
Spastic tetraplegia
Dyskinetic CP
Not classified CP

Radiographic examination at diagnosis, then at 
least once a year until 8 years of age, then 
individually.

*Further radiographic examination if MP > 33%, or a if a decreasing 
hip-ROM is revealed in the CPUP

Measurement of Migration Percentage (MP)Figure 1
Measurement of Migration Percentage (MP). MP = A/B × 
100. On the right hip with a "Gothic arch" formation of the 
lateral margin, the midpoint of the arch is used as reference 
point.
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7, Figure 4). No child with the highest level of function,
GMFCS I, developed MP > 40%, while 18 of 28 children
(64%) with the lowest level of function, GMFCS V, devel-
oped MP > 40%.

Discussion
This is a population based study of 212 children with CP
followed until 9–16 years of age. Most of the children
have not completed growth. However, it is known that
most dislocations in children with CP occur before seven
years of age [15]. This is also supported by the decreasing
number of children with debut of displacement after 3
years of age in the present study (Figure 2).

Lateral displacement of the femoral head is common
without acetabular dysplasia and acetabular dysplasia
develops at a later stage than femoral head lateralisation
[16]. Measurement of the lateral displacement is sufficient
for hip screening in CP [7,13]. The MP is a valid and reli-
able measure of lateral displacement [13,17], and proba-
bly the most commonly used. We choose the two levels of
MP, 33 and 40% in the follow-up programme, CPUP, and
in this study. When introduced, a hip with MP > 33% was

the definition of a subluxated hip [18]. Some hips with
MP 33–40% do not need preventive surgery, and these
hips should be regarded as hips at risk, needing intensi-
fied observation, and operative intervention if increasing
MP is seen. Hips with MP ≥ 40% have a high risk of further
displacement, indicating need for surgical intervention
[16]. The surgery performed in this materal has been
described earlier [6].

The most common age at first registration of MP > 33% or
> 40% was 3–4 years (Figure 2). Some of the children
showed displacement at the first radiographic examina-
tion in the follow-up, so the real age at development of
lateral displacement could be even lower. Some children
showed lateral displacement already at two years of age.
This means that it is of the utmost importance that chil-
dren with CP are identified early, and that children at risk

Table 7: Distribution of children with lateral hip displacement 
above different levels in relation to CP-subtype and GMFCS-level 
in 212 children with CP.

CP-subtype/
GMFCS-level

MP < 33% MP 
33–39%

MP > 40% Total

Spastic
Hemiplegia 68 3 0 71
Tetraplegia 3 0 11 14
Diplegia 61 12 19 92
Dyskinetic
Dystonia 8 4 6 18
Atetosis 5 1 1 7
Ataxic 9 0 0 9
Unclassified 1 0 0 1

GMFCS
I 98 5 0 103
II 26 1 3 30
III 11 7 4 22
IV 11 5 13 29
V 9 1 18 28

Table 5: Range of hip motion (median, quartiles) at time of first 
presentation of hip displacement (MP > 33% and 40%).

MP > 33% MP > 40%

Abduction 40 (30–41) 30 (25–40)
External rotation 50 (35–60) 45 (35–60)
Internal rotation 50 (45–65) 50 (44–65)
Extension 0 (0-0) 0 (0-0)

Number of children related to age (years) at first registration of MP above 33% (yellow) and 40% (red)Figure 2
Number of children related to age (years) at first registration 
of MP above 33% (yellow) and 40% (red).

Table 6: Relative risk (with 95% CI) of developing MP > 33% and 
> 40%, related to range of hip motion. * = p < 0.05.

Crude Adjusted

MP > 33%
Extension 0.93 (0.88–0.99)* 0.97 (0.92–1.03)
External rotation 1.03 (1.01–1.06)* 0.99 (0.97–1.02)
Internal rotation 1.02 (1.00–1.05) 1.02 (0.99–1.05)
Abduction 0.97 (0.94–1.00) 1.00 (0.96–1.03)

MP > 40%
Extension 0.95 (0.89–1.02) 0.99 (0.92–1.05)
External rotation 1.04 (1.01–1.07)* 0.99 (0.96–1.02)
Internal rotation 1.01 (0.98–1.05) 1.02 (0.98–1.05)
Abduction 0.95 (0.91–0.97)* 0.97 (0.93–1.01)
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are examined radiographically as early as possible. Scrut-
ton and Baird [19] recommended that children with spas-
tic diplegia or quadriplegia should have a first radiograph
at age 30 months. Based on our findings we recommend
that children with highest risk should have their first radi-
ographic examination even earlier, if possible.

Hip displacement in relation to CP-subtype could be
divided into three levels of risk. Children with spastic
hemiplegia or ataxia had very low risk, children with spas-
tic diplegia or the dyskinetic types (dystonia and atetosis)
had an intermediate risk, and children with spastic tetra-
plegia had the highest risk (Figure 3). There are, however,

several problems using CP-subtype as indicator of hips at
risk in screening programme. It is sometimes difficult to
distinguish spastic hemiplegia from spastic diplegia with
asymmetric severity, or pure ataxia from ataxic diplegia.
The descriptors for the motor types of CP have not been
universally agreed on; new definitions are under develop-
ment, and the definitions may be difficult to apply in a
reliable manner [20]. It is sometimes impossible to deter-
mine the CP-subtype before 4 years of age.

Hip displacement was directly related to the level of
GMFCS (Figure 4). Similar results have been shown from
the Victorian Cerebral palsy register [21]. The GMFCS has
proved to be a valid and reliable tool [12] and has been
reported to remain relatively stable over time [22,23].
According to the designers of the GMFCS, most children
will remain at the same level from age 2 [24]. By using
GMFCS, instead of CP-subtype, as an indicator of hips at
risk in screening programme, all the problems discussed
with subtypes seem to be avoided.

When the CPUP screening programme was initiated in
1994, the GMFCS was not available. Based on the findings
in this and earlier studies we now have changed our pro-
gramme for radiographic hip screening, and use GMFCS
instead of subdiagnosis (Table 8). Most children with
spastic hemiplegia and ataxia are at level GMFCS I, and all
children with spastic tetraplegia are at level V. Children
with spastic diplegia represent about one third of the pop-
ulation of children with CP and are distributed at all levels
of function according to GMFCS. By changing to the new
screening programme, those with spastic diplegia and
GMFCS level I or II no longer need yearly radiographic
examinations. The new screening programme results in
about 35% fewer radiographic examinations up to 8 years
of age in a total population of children with CP, compared
with our previous programme.

The increased risk of hip displacement related to range of
motion found in the crude estimates (Table 6) disap-
peared in the adjusted estimates. The increased risk
described is therefore likely to be influenced by either the

Table 8: The radiographic prevention programme 2007

GMFCS I No radiographic examination.
GMFCS II Radiographic examination at 2 and 

6 years of age*.
GMFCS III-V Radiographic examination at 

diagnosis, then at least once a year 
until 8 years of age, then 
individually.

Children with pure ataxia No radiographic examination.

* Further radiographic examination if MP > 33%, or a if a decreasing 
hip-ROM is revealed in the CPUP

Proportion of children (%) with MP < 33% (green), 33–39% (yellow) and > 40% (red) in relation to subdiagnosisFigure 3
Proportion of children (%) with MP < 33% (green), 33–39% 
(yellow) and > 40% (red) in relation to subdiagnosis.

Proportion of children (%) with MP < 33% (green), 33–39% (yellow) and > 40% (red) in relation to GMFCS levelFigure 4
Proportion of children (%) with MP < 33% (green), 33–39% 
(yellow) and > 40% (red) in relation to GMFCS level.
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distribution of age, GMFCS-level or CP-subtype in the
study population. The narrow confidence intervals corre-
sponding to the adjusted estimates indicate that no
change in risk seems to follow an increase in either meas-
urement of ROM. This implies that the measurement of
the range of motion is a poor indicator of risk and cannot
replace radiographic examinations for hip screening.
However, a decreasing ROM over time in an individual
child could warrant radiographic hip examination.

Conclusion
Hip displacement in CP often occurs already at 2–3 years
of age. For a successful screening programme, it is of the
utmost importance that children with CP are identified
early, and those at risk of hip dislocation are examined
radiographically as early as possible. Hip ROM is a poor
indicator of risk, and not useful for screening. We recom-
mend using the GMFCS system for construction of the
screening programme.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
GH and HLP designed the study. All three authors ana-
lysed the results. GH wrote the first draft, which was then
actively improved and revised by all three authors.

Acknowledgements
The study was supported by the Medical Faculty, Lund University and Lin-
néa and Josef Carlssons Foundation.

References
1. Howard CB, McKibbin B, Williams LA, Mackie I: Factors affecting

the incidence of hip dislocation in cerebral palsy.  J Bone Joint
Surg Br 1985, 67(4):530-532.

2. Lonstein JE, Beck K: Hip dislocation and subluxation in cerebral
palsy.  J Pediatr Orthop 1986, 6:521-6.

3. Bagg MR, Farber J, Miller F: Long-term follow-up of hip subluxa-
tion in cerebral palsy patients.  J Pediatr Orthop 1993, 13:32-6.

4. Samilson RL, Carson JJ, James P, Raney FL: Results and complica-
tions of adductor tenotomy and obturator neurectomy in
cerebral palsy.  Clin Orthop 1967, 54:61-73.

5. Letts M, Shapiro L, Mulder K, Klassen O: The windblown hip syn-
drome in total body cerebral palsy.  J Pediatr Orthop 1984,
4:55-62.

6. Hägglund G, Andersson S, Düppe H, Lauge Pedersen H, Nordmark E,
Westbom L: Prevention of dislocation of the hip in children
with cerebral palsy. The first ten years of a population-based
prevention programme.  J Bone Joint Surg Br 2005, 87(1):95-101.

7. Dobson F, Boyd RN, Parrott J, Nattrass GR, Graham HK: Hip sur-
veillance in children with cerebral palsy.  J Bone Joint Surg Br
2002, 84:720-6.

8. Gordon GS, Simkiss DE: A systematic review of the evidence
for hip surveillance in children with cerebral palsy.  J Bone Joint
Surg Br 2006, 88(11):1492-1496.

9. Hägglund G, Andersson S, Düppe H, Lauge Pedersen H, Nordmark E,
Westbom L: Prevention of severe contractures might replace
multilevel surgery in cerebral palsy: results of a population-
based health care programme and new techniques to reduce
spasticity.  J Pediatr Orthop B 2005, 14(4):269-273.

10. Nordmark E, Hägglund G, Lagergren J: Cerebral palsy in southern
Sweden. I. Prevalence and clinical features.  Acta Paediatr 2001,
90:1271-6.

11. Hagberg B, Hagberg G, Olow I: The changing panorama of cere-
bral palsy in Sweden 1954–1970.  Acta Paediatr Scand 1975,
64:187-92.

12. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B:
Development and reliability of a system to classify gross
motor function in children with cerebral palsy.  Dev Med Child
Neurol 1997, 39:214-23.

13. Parrott J, Boyd RN, Dobson F, Lancaster A, Love S, Oates J, Wolfe R,
Nattrass GR, Graham HK: Hip displacement in spastic cerebral
palsy: Repeatability of radiologic measurement.  J Pediatr
Orthop 2002, 22:660-7.

14. Terneau T, Grambsch P: Modelling Survival Data.  Springer, New
York; 2000. 

15. Rang M, Silver R, de la Garza J: Cerebral palsy.  In Pediatric orthopae-
dics 2nd edition. Edited by: Lovell WW, Winter RB. Philadelphia, etc:
JB Lippincott Co; 1986:345-96. 

16. Hägglund G, Lauge-Pedersen H, Persson M: Radiographic thresh-
old values for hip screening in cerebral palsy.  J Childrens Orthop
. Accepted for publ

17. Faraj S, Atherton WG, Stott NS: Inter- and intra-measurer error
in the measurement of Reimer's hip migration percentage.  J
Bone Joint Surg 2004, 86:434-7.

18. Reimers J: The stability of the hip in children: a radiological
study of results of muscle surgery in cerebral palsy.  Acta
Orthop Scand Suppl 1980, 184:1-100.

19. Scrutton D, Baird G: Surveillance measures of the hips in chil-
dren with bilateral cerebral palsy.  Arch Dis Child 1997,
76:381-384.

20. Stanley F, Blair E, Alberman E: Cerebral palsies: epidemiology
and causal pathways.  London: Mac Keith; 2000. 

21. Soo B, Howard JJ, Boyd R, Reid SM, Lanigan A, Wolfe R, Reddihough
D, Graham K: Hip displacement in cerebral palsy.  J Bone Joint
Surg 2006, 88A:121-129.

22. Wood E, Rosenbaum P: (2000) The Gross Motor Function Clas-
sification System for cerebral palsy: a study of reliability and
stability over time.  Dev Med Child Neurol 2000, 42:292-296.

23. Palisano R, Cameron D, Rosenbaum P, Walter SD, Russel D: Stabil-
ity of the Gross Motor Function Classification System.  Dev
Med Child Neurol 2006, 48:424-428.

24. Rosenbaum P, Walter SD, Hanna SE, Palisano RJ, Russel DJ, Par-
minder R, Wood E, Bartlett DJ, Galuppi B: Prognosis for gross
motor function in children with cerebral palsy: creation of
motor development curves.  JAMA 2002, 288:1357-1363.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2474/8/101/pre
pub
Page 6 of 6
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4030844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4030844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3760161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3760161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8416350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8416350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5589608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5589608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5589608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6693570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6693570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12188492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12188492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17075096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17075096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15931031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15931031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15931031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11808898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11808898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1130174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1130174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9183258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12198471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12198471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14960699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14960699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6930145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6930145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9166039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9166039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10855648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10855648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10855648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16700931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16700931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12234229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12234229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12234229
http://www.biomedcentral.com/1471-2474/8/101/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

