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The lumbosacral angle does not reflect progressive tethered
cord syndrome in children with spinal dysraphism
Erwin M. J. Cornips & Femke G. E. M. Razenberg & Lodewijk W. van Rhijn &
Dan L. H. M. Soudant & Elisabeth P. M. van Raak & Jacobiene W. Weber &
Simon G. Robben & Johanna M. Fock & Coriene E. Catsman-Berrevoets &
Johannes S. H. Vles
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Abstract
Purpose Our goal was to validate the hypothesis that the
lumbosacral angle (LSA) increases in children with spinal
dysraphism who present with progressive symptoms and
signs of tethered cord syndrome (TCS), and if so, to
determine for which different types and/or levels the LSA
would be a valid indicator of progressive TCS. Moreover,
we studied the influence of surgical untethering and
eventual retethering on the LSA.
Methods We retrospectively analyzed the data of 33
children with spinal dysraphism and 33 controls with
medulloblastoma. We measured the LSA at different

moments during follow-up and correlated this with progression in symptomatology.
Results LSA measurements had an acceptable intra- and
interobserver variability, however, some children with severe
deformity of the caudal part of the spinal column, and for
obvious reasons those with caudal regression syndrome were
excluded. LSA measurements in children with spinal dysraphism were significantly different from the control group
(mean LSA change, 21.0° and 3.1° respectively). However,
both groups were not age-matched, and when dividing both
groups into comparable age categories, we no longer observed
a significant difference. Moreover, we did not observe a
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7 SOSORT consensus paper: conservative
treatment of idiopathic & Scheuermann's kyphosis
JC de Mauroy*1, HR Weiss17, AG Aulisa2, L Aulisa2, JI Brox3, J Durmala4, C Fusco5, TB Grivas6, J Hermus7, T Kotwicki8,
G Le Blay9, A Lebel10, L Marcotte11, S Negrini5, L Neuhaus12, T Neuhaus12, P Pizzetti5, L Revzina13, B Torres14, PJM Van
Loon15, E Vasiliadis6, M Villagrasa16, M Werkman18, M Wernicka19, MS Wong20 and F Zaina5

Abstract
: Thoracic hyperkyphosis is a frequent problem and can impact greatly on patient's quality of life during adolescence.
This condition can be idiopathic or secondary to Scheuermann disease, a disease disturbing vertebral growth. To date,
there is no sound scientific data available on the management of this condition. Some studies discuss the effects of
bracing, however no guidelines, protocols or indication's of treatment for this condition were found. The aim of this
paper was to develop and verify the consensus on managing thoracic hyperkyphosis patients treated with braces and/
or physiotherapy.
Methods: The Delphi process was utilised in four steps gradually modified according to the results of a set of
recommendations: we involved the SOSORT Board twice, then all SOSORT members twice, with a Pre-Meeting
Questionnaire (PMQ), and during a Consensus Session at the SOSORT Lyon Meeting with a Meeting Questionnaire
(MQ).
Results: There was an unanimous agreement on the general efficacy of bracing and physiotherapy for this condition.
Most experts suggested the use of 4-5 point bracing systems, however there was some controversy with regards to
physiotherapeutic aims and modalities.
Conclusion: The SOSORT panel of experts suggest the use of rigid braces and physiotherapy to correct thoracic
hyperkyphosis during adolescence. The evaluation of specific braces and physiotherapy techniques has been
recommended.
Background
Kyphosis can be paradoxically more difficult to treat than
scoliosis. There are many types of kyphosis that require
various strategies of treatment. Furthermore, there is
only a little evidence on the conservative treatment of
kyphosis, less than that on scoliosis. With lacking information on the natural history, the difficulties of clinical
and radiological assessment, the unclear definition of
normal kyphosis and the variety of clinical forms and etiology, vague indications of treatment are allowed for at
best. Untreated, kyphosis in the growing child may lead
to a progressive deformity of the spine and back pain. At
birth, the entire spine shows a slight posterior curve from
the occiput to the sacrum. When the baby begins to hold
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his head up, a cervical lordotic curve develops. However
with the sitting position a total kyphosis can be encouraged. With weight bearing and ambulation, the pelvis tilts
forward and a lumbar lordosis develops. Staffel [1] classified human posture into three distinct groups: "round","
flat" and "lordotic."
In the early twentieth century, radiographs allowed
Scheuermann [2] in Copenhagen to describe and illustrate anterior wedging of vertebral body.
In 1939, Schmorl [3] described the alterations of the
growth plate of the vertebral body and nodules that bear
his name.
In 1964, in his monograph Sorenson [4] does not find a
solution to correct kyphosis.
Subsequently many authors have proposed normal
ranges of posterior sagittal thoracic curves of: 20°-40° for
Roaf [5] and 30 ° for Rocher [6].

© 2010 de Mauroy et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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ABSTRACT
Background
Surgical site infection and other hospital-acquired infections cause significant morbidity after internal fixation of fractures. The administration of antibiotics may reduce the frequency of infections.
Objectives
To determine whether the prophylactic administration of antibiotics in people undergoing surgical management of hip or other closed
long bone fractures reduces the incidence of surgical site and other hospital-acquired infections.
Search strategy
We searched the Cochrane Bone, Joint and Muscle Trauma Group Specialised Register (December 2009), the Cochrane Central Register
of Controlled Trials (The Cochrane Library 2009, Issue 4), MEDLINE (1950 to November 2009), EMBASE (1988 to December
2009), other electronic databases including the WHO International Clinical Trials Registry Platform (December 2009), conferences
proceedings and reference lists of articles.
Selection criteria
Randomised or quasi-randomised controlled trials comparing any regimen of systemic antibiotic prophylaxis administered at the time
of surgery, compared with no prophylaxis, placebo, or a regimen of different duration, in people with a hip fracture undergoing surgery
for internal fixation or prosthetic replacement, or with any closed long bone fracture undergoing internal fixation. All trials needed to
report surgical site infection.
Data collection and analysis
Two authors independently screened papers for inclusion, assessed risk of bias and extracted data. Pooled data are presented graphically.
Main results
Data from 8447 participants in 23 studies were included in the analyses. In people undergoing surgery for closed fracture fixation,
single dose antibiotic prophylaxis significantly reduced deep surgical site infection (risk ratio 0.40, 95% CI 0.24 to 0.67), superficial
surgical site infections, urinary infections, and respiratory tract infections. Multiple dose prophylaxis had an effect of similar size on
Antibiotic prophylaxis for surgery for proximal femoral and other closed long bone fractures (Review)
Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Risk of subsequent fracture and mortality within 5 years
after a non-vertebral fracture
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Abstract
Summary The absolute 5-year risk of subsequent nonvertebral fractures (NVFs) in 1,921 patients presenting with
a NVF was 17.6% and of mortality was 32.3%. These risks
were highest within the first year, indicating the need to
study which reversible factors can be targeted to immediately minimise subsequent fracture risk and mortality.
Introduction NVFs are the most frequent clinical fractures
in patients presenting at the emergency unit because of a
clinical fracture. The aim of the study was to determine the
5-year absolute risk (AR) of subsequent NVF and mortality
in patients at the time they present with a NVF.
Methods Between 1999 and 2001, 1,921 consecutive
patients 50+years from a level 1 trauma centre were
included. All NVFs were confirmed on radiograph reports,

and mortality was checked in the national obituary
database. Available potential risk factors for a subsequent
NVF and mortality (age, sex and baseline fracture location:
major—hip, pelvis, multiple ribs, proximal tibia/humerus
and distal femur; minor—all others) were expressed as
hazard ratios (HR) with 95% confidence intervals (CI)
using multivariable Cox regression analysis.
Results The AR for a subsequent NVF was 17.6% and was
related to age (HR per decade, 1.44; 95%CI, 1.29–1.60).
The AR for mortality was 32.3% and was related to age
(HR per decade, 2.59; 95%CI, 2.37–2.84), male sex (HR,
1.74; 95%CI, 1.44–2.10), major fracture at baseline (HR,
5.56; 95%CI, 3.48–8.88; not constant over time) and
subsequent fracture (HR, 1.65; 95%CI, 1.33–2.05). The
highest risks were found within the first year (NVFs, 6.4%;
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Objective: In this study, we aim at tuning the differentiation of periosteum in an organ culture model
towards cartilage, rich in collagen type II, using combinations of biochemical and mechanical stimuli. We
hypothesize that addition of TGF-b will stimulate chondrogenesis, whereas sliding indentation will
enhance collagen synthesis.
Design: Periosteum was dissected from the tibiotarsus of 15-day-old chick embryos. Explants were
embedded in between two agarose layers, and cultured without stimulation (control), with biochemical
stimulation (10 ng/ml TGF-b1), with mechanical stimulation (sliding indentation), or both biochemical
and mechanical stimulations. Sliding indentation was introduced as a method to induce tensile tissue
strain. Analysis included quantiﬁcation of DNA, collagen and GAG content, conventional histology, and
immunohistochemistry for collagen type I and II at 1 or 2 weeks of culture.
Results: Embedding the periosteal explants in between agarose layers induced cartilage formation,
conﬁrmed by synthesis of sGAG and collagen type II. Addition of TGF-b1 to the culture medium did not
further enhance this chondrogenic response. Applying sliding indentation only to the periosteum in
between agarose layers enhanced the production of collagen type I, leading to the formation of ﬁbrous
tissue without any evidence of cartilage formation. However, when stimulated by both TGF-b1 and
sliding indentation, collagen production was still enhanced, but now collagen type II, while sGAG was
found to be similar to TGF-b1 or unloaded samples.
Conclusions: The type of tissue produced by periosteal explants can be tuned by combining mechanical
stimulation and soluble factors. TGF-b1 stimulated a chondrocyte phenotype and sliding indentation
stimulated collagen synthesis. Such a combination may be valuable for improvement of the quality of
tissue-engineered cartilage.
Ó 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
The limited ability of damaged articular cartilage to repair itself
and the morbidity that accompanies this injury pose a major clinical
problem. A potential solution for this problem is to use tissue
engineering to repair articular cartilage defects. However, to be able
to accomplish this, a comprehensive understanding of the chondrogenic process itself is needed. Periosteal chondrogenesis is
a well-known model to study chondrogenesis and provides insights
in (periosteal) cartilage repair by progenitor cells1. The chondrogenic
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potential of periosteum has been shown in both in vivo2e4 and
in vitro1,5e7 studies.
O’Driscoll et al. developed an in vitro organ culture model in
which rabbit periosteal explants form cartilage when suspended in
agarose gels7. Using this organ culture model, it was shown that
addition of transforming growth factor b1 (TGF-b1) and application
of dynamic ﬂuid pressure enhanced periosteal chondrogenesis,
observed by increased production of proteoglycans and collagen
type II6,8e11. These studies have shown that the periosteum organ
cultures respond to their biochemical and mechanical environments. The major advantage of this approach over more standard
approaches is that we can study chondrogenesis without the
presence of scaffold material, while we are able to apply a welldeﬁned mechanical loading protocol. This particular combination
of possibilities is not available in commonly used cartilage tissue
engineering setups.

1063-4584/$ e see front matter Ó 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.joca.2010.09.001
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RNase MRP and disease
Sandy Mattijssen1 , Tim J. M. Welting2 and Ger J. M. Pruijn1∗
The human RNase MRP complex consists of a catalytic RNA and several protein
components. RNase MRP is a ubiquitously expressed eukaryotic endoribonuclease
that cleaves various RNAs, including ribosomal, messenger, and mitochondrial
RNAs, in a highly specific fashion. In several autoimmune diseases autoantibodies
targeting RNase MRP have been found. These so-called anti-Th/To autoantibodies,
which most frequently can be detected in the sera of scleroderma patients, are
directed to several protein components of the RNase MRP and the evolutionarily
related RNase P complex. It is not yet known whether the anti-Th/To immune
response is an epiphenomenon or whether these autoantibodies play a role in
the pathophysiology of the disease. The gene encoding the RNase MRP RNA
was the first nuclear non-coding RNA gene demonstrated to be associated with a
genetic disease. Mutations in this gene are causing the highly pleiotropic disease
cartilage-hair hypoplasia (CHH). CHH patients are characterized by a short stature,
hypoplastic hair, and short limbs. In addition, they show a predisposition to
lymphomas and other cancers and suffer from defective T-cell immunity. Since
the identification of the first CHH-associated mutations in 2001, many distinct
mutations have been found in different patients. These mutations either affect the
structure of the RNase MRP RNA or are located in the promoter region and reduce
the expression levels. In this review article we will, after describing the biochemical
aspects of RNase MRP, discuss the targeting of RNase MRP in autoimmunity and
the role of mutations in the RNase MRP RNA gene in CHH.  2010 John Wiley & Sons,
Ltd. WIREs RNA 2010 1 102–116

T

he majority of genetically inherited diseases are
caused by mutations in protein encoding genes.
However, in some examples the disease can be
attributed to mutations in genes that are transcribed
into non-coding RNAs (ncRNAs). The majority of
the affected ncRNAs are mitochondrial encoded
tRNAs and mutations in these genes are the cause
of clinically heterogeneous disorders (reviewed in
Ref. 1). To date, only two nuclear encoded ncRNAs
have been described in which mutations are involved
in the generation of human disease. These are the
TERC and RMRP genes. Mutations in TERC, the
gene coding for the RNA component of the telomerase
complex, cause the disease dyskeratosis congenita.2
Telomerase synthesizes telomeres, which are long
tandem TTAGGG repeats at the end of chromosomes

that are essential for maintaining chromosomal
integrity.
The first nuclear encoded human diseaseassociated ncRNA gene identified was RMRP
(chr9p21-p12), which codes for the RNA component of the RNase MRP complex and is transcribed
by RNA polymerase III. The RNase MRP complex
belongs to the small nucleolar ribonucleoprotein particles (snoRNPs) and consists of the RNA component
and at least seven different proteins. Several protein subunits of the human RNase MRP complex
are immunological targets in autoimmune diseases
and mutations in the RMRP gene are the cause of
cartilage-hair hypoplasia (CHH), a highly pleiotropic
disease.3
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RNase MRP is a member of a special class of snoRNPs.
It is an essential eukaryotic endoribonuclease that
contains a single RNA component and several proteins
(Figure 1). The highly structured RNA component
of the human RNase MRP complex consists of

 2010 John Wiley & Sons, L td.
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Incidence of low-grade infection in aseptic loosening of total
hip arthroplasty
A prospective multicenter study using extensive routine and broad-range 16S
PCR with reverse line blot diagnostics
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For personal use only.

Dirk Jan F Moojen1, Gijs van Hellemondt2, H Charles Vogely1, Bart J Burger3, 				
Geert H I M Walenkamp4, Niek J A Tulp5, B Wim Schreurs6, Frank R A J de Meulemeester7, 		
Corrie S Schot8, Ingrid van de Pol8, Takaaki Fujishiro9,10, Leo M Schouls8, Thomas W Bauer10,
and Wouter J A Dhert1
1Department of Orthopaedics, University Medical Center Utrecht, Utrecht; 2Department of Orthopaedics, Sint Maartensclinic, Nijmegen; 3Department
of Orthopaedics, Medical Center Alkmaar, Alkmaar; 4Department of Orthopaedics, Maastricht University Medical Center, Research Institute CAPHRI,
Maastricht; 5Department of Orthopaedics, Isala Clinics, Zwolle; 6Department of Orthopaedics, University Medical Center Sint Radboud, Nijmegen;
7Department of Orthopaedics, Onze Lieve Vrouwe Gasthuis, Amsterdam; 8Laboratory for Infectious Diseases and Perinatal Screening, Center for
Infectious Disease Control Netherlands, National Institute for Public Health and the Environment, Bilthoven, the Netherlands; 9Departments of Pathology,
Orthopaedic Surgery and the Spine Institute, Cleveland Clinic Foundation, Cleveland, OH, USA, 10Department of Orthopaedics, Kobe University Hospital,
Kobe, Japan
Correspondence: D.J.F.Moojen@umcutrecht.nl
Submitted 09-11-24. Accepted 10-07-02

Purpose We investigated the hypothesis that many total hip
arthroplasty revisions that are classified as aseptic are in fact lowgrade infections missed with routine diagnostics.
Methods In 7 Dutch hospitals, 176 consecutive patients with
the preoperative diagnosis of aseptic loosening of their total hip
arthroplasty were enrolled. During surgery, between 14 and 20
tissue samples were obtained for culture, pathology, and broadrange 16S rRNA PCR with reverse line blot hybridization.
Patients were classified as either not being infected, suspected of
having infection, or infected according to strict, predefined criteria. Each patient had a follow-up visit after 1 year.
Results 7 patients were classified as infected, 4 of whom were
not identified by routine culture. 15 additional patients were
suspected of having infection. 20 of these 22 patients received a
cemented prosthesis, fixated with antibiotic-loaded bone cement.
All 22 patients received prophylactic systemic antibiotics. 7 of
them reported complaints one year after surgery, but only one
showed signs of early loosening. However, additional surgery was
not performed in any of the patients.
Interpretation Although the proportions were not as high
as previously reported in the literature, between 4% and 13%
of patients with the preoperative diagnosis of aseptic loosening
were infected. However, as thorough debridement was performed
during surgery and prophylactic antibiotics were used, the diagnosis of infection did not have any obvious clinical consequences,
as most patients performed well at the 1-year follow-up. Whether
this observation has implications for long-term implant survival
remains to be seen.


Despite improvements in multiple factors that influence the
outcome of total hip arthroplasty, approximately 8% of prostheses need to be revised within 10 years. More than 75% of
these revisions are due to aseptic loosening, whereas primary
or secondary infection accounts for approximately 8% (Malchau et al. 2002). Data gathered by the Scandinavian hip registries clearly suggest that antibiotic prophylaxis—either systemically, locally, or combined—increases implant survival. In
fact, the widespread use of antibiotic-containing bone cement
in primary total hip arthroplasties in these countries has been
associated with a decrease in the number revisions due to
aseptic loosening as well (Malchau et al. 2002, Engesaeter et
al. 2003). As aseptic loosening should not be influenced by
the activity of antibiotics, this observation suggests that there
is underdiagnosis of infection. The aseptic loosening group
might contain a substantial number of patients with low-grade
infections, which are missed with routine diagnostic tests. As
a result, these patients might not get an optimal treatment,
which might ultimately lead to complications. Other publications have presented evidence of bacteria or bacterial DNA in
patients thought to have developed aseptic loosening (Mariani
et al. 1996, Tunney et al. 1999, Neut et al. 2003, Clarke et
al. 2004, Ince et al. 2004, Trampuz et al. 2006, Moojen et al.
2007). However, the prevalence of bacterial involvement in
revision surgery has ranged from just a few per cent up to 70%
of all patients (Tunney et al. 1999, Trampuz et al. 2006).
A difficulty with confirming the diagnosis of infection in
total hip arthroplasty is that there is no gold standard (Bauer
et al. 2006). Traditionally, microbiological cultures are seen as
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ABSTRACT: Background. The purpose of this study
was to evaluate the inter- and intra-observer reliability
and accuracy of sonographic (US) acromiohumeral
distance (AHD) measurement for both experienced
and novice operators in US in patients suffering from
subacromial impingement syndrome.
Method. A total of 43 patients (50 shoulders) diagnosed with subacromial impingement syndrome were
recruited from an orthopedic outpatient clinic. The US
measurement of AHD was obtained consecutively in a
neutral position and in a 608 abduction position. A total
of 300 blinded measurements were taken.
Result. In the neutral abduction group the intraobserver interclass correlation coefﬁcient (ICC) was
0.94 for the experienced operator and 0.92 for the
novice operator. The inter-observer ICC was 0.70 and
the accuracy was 1.1 mm. In the 608 abduction group,
the intra-observer ICC was 0.90 for the experienced
operator and 0.87 for the novice operator. The interobserver ICC was 0.64 and the accuracy was 1.4 mm.
All ICCs were signiﬁcant at a level of p < 0.0001.
Conclusion. The inaccuracy of the method was 1
mm regardless of the experience of the observer. US
AHD measurement in patients with shoulder complaints is not as accurate as reported in healthy subjects. This may have important implications for the clinC 2010 Wiley Periodicals,
ical use of this parameter. V
Inc. J Clin Ultrasound 38:128–134, 2010; Published
online in Wiley InterScience (www.interscience.
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he acromiohumeral distance (AHD) has been
studied in literature mainly through standard X-rays of the shoulder. The AHD is inﬂuenced by rotator cuff disease such as tears, muscle fatty degeneration, and atrophy. Hence, it can
be used to diagnose rotator cuff tears, fatty
degeneration, and atrophy.1,2 Fatty degeneration
is of prognostic value in reconstructive rotator
cuff surgery.3 Progressive fatty degeneration of
the rotator cuff is associated with poor surgical
outcome.3 Recently, AHD has been associated
with shoulder function (Constant Score) in
patients suffering from subacromial impingement syndrome (SIS).4 Accurate AHD measurement is therefore of clinical importance. The
AHD is a 3-dimensional distance.5 Radiographic
assessment can only measure 2-dimensional displacement. Another problem with radiographic
AHD measurement is that the AHD is affected by
both patient positioning and beam direction.6,7
Researchers have used sonography (US) to
measure the AHD.8–12 Real-time US enables the
radiologist to dynamically look for the smallest
AHD in various patient positions. Comparison
with the contralateral shoulder can also be readily performed without exposing the patient to
additional radiation. Contrary to healthy subjects, the reliability and accuracy of US AHD
measurement has not been investigated in
patients with shoulder complaints.10 The purpose
of this study was to evaluate the inter- and intraobserver reliability and accuracy of US AHD
measurements by both experienced and novice
operators in symptomatic patients.
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Percutaneous radiofrequency lesions adjacent to
the dorsal root ganglion alleviate spasticity and
pain in children with cerebral palsy: pilot study in
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Lodewijk W van Rhijn3, Dan Soudant1, H Kerr Graham4 and Anton J de Louw5

Abstract
Background: Cerebral palsy (CP) may cause severe spasticity, requiring neurosurgical procedures. The most common
neurosurgical procedures are continuous infusion of intrathecal baclofen and selective dorsal rhizotomy. Both are
invasive and complex procedures. We hypothesized that a percutaneous radiofrequency lesion of the dorsal root
ganglion (RF-DRG) could be a simple and safe alternative treatment. We undertook a pilot study to test this hypothesis.
Methods: We performed an RF-DRG procedure in 17 consecutive CP patients with severe hip flexor/adductor spasms
accompanied by pain or care-giving difficulties. Six children were systematically evaluated at baseline, and 1 month
and 6 months after treatment by means of the Modified Ashworth Scale (MAS), Gross Motor Function Measure (GMFM)
and a self-made caregiver's questionnaire. Eleven subsequent children were evaluated using a Visual Analogue Scale
(VAS) for spasticity, pain and ease of care.
Results: A total of 19 RF-DRG treatments were performed in 17 patients. We found a small improvement in muscle
tone measured by MAS, but no effect on the GMFM scale. Despite this, the caregivers of these six treated children
unanimously stated that the quality of life of their children had indeed improved after the RF-DRG. In the subsequent
11 children we found improvements in all VAS scores, in a range comparable to the conventional treatment options.
Conclusion: RF-DRG is a promising new treatment option for severe spasticity in CP patients, and its definitive
effectiveness remains to be defined in a randomised controlled trial.
Background
Cerebral palsy (CP) is a central nervous system deficit
resulting from a non-progressive lesion in the developing
brain. Although these brain lesions are static, the movement disorders that arise are not unchanging and are
characterised by atypical muscle tone, posture and movement [1]. The spastic motor type is the most common
form of CP and its conventional therapeutic management
may include splinting/casting, physiotherapy, occupational therapy, oral spasmolytics and anti-dystonic drugs,
Botulinum Toxin-A (BTX-A) injections, orthopaedic procedures, and neurosurgical procedures. The most com* Correspondence: jsh.vles@mumc.nl
1

Neurology, Maastricht University Medical Centre, Maastricht, the Netherlands

mon neurosurgical procedures are continuous infusion of
intrathecal Baclofen (ITB) and selective dorsal rhizotomy
(SDR). Since its first description by Foerster in 1913, SDR
has been modified by various researchers and has
become a standard neurosurgical procedure to treat spasticity in CP patients [2-5]. However, as multiple-level
laminectomies at the L1-S1 level are often required, the
procedure is invasive and can lead to complications as
transient urinary incontinence, chronic low back pain
and spinal deformity [6-9]. Considerable cooperation of
the patient is required to successfully complete the postoperative rehabilitation program.
An alternative for the SDR is a radiofrequency lesion of
the dorsal root ganglion (RF-DRG), which has been used
to treat chronic pain for over 30 years [10]. The RF-DRG
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Abstract
Introduction: Chondrocytes experience a hypertonic environment compared with plasma (280 mOsm) due to the
high fixed negative charge density of cartilage. Standard isolation of chondrocytes removes their hypertonic matrix,
exposing them to nonphysiological conditions. During in vitro expansion, chondrocytes quickly lose their specialized
phenotype, making them inappropriate for cell-based regenerative strategies. We aimed to elucidate the effects of
tonicity during isolation and in vitro expansion on chondrocyte phenotype.
Methods: Human articular chondrocytes were isolated and subsequently expanded at control tonicity (280 mOsm) or
at moderately elevated, physiological tonicity (380 mOsm). The effects of physiological tonicity on chondrocyte
proliferation and chondrogenic marker expression were evaluated. The role of Tonicity-responsive Enhancer Binding
Protein in response to physiological tonicity was investigated using nuclear factor of activated T-cells 5 (NFAT5) RNA
interference.
Results: Moderately elevated, physiological tonicity (380 mOsm) did not affect chondrocyte proliferation, while higher
tonicities inhibited proliferation and diminished cell viability. Physiological tonicity improved expression of
chondrogenic markers and NFAT5 and its target genes, while suppressing dedifferentiation marker collagen type I and
improving type II/type I expression ratios >100-fold. Effects of physiological tonicity were similar in osteoarthritic and
normal (nonosteoarthritic) chondrocytes, indicating a disease-independent mechanism. NFAT5 RNA interference
abolished tonicity-mediated effects and revealed that NFAT5 positively regulates collagen type II expression, while
suppressing type I.
Conclusions: Physiological tonicity provides a simple, yet effective, means to improve phenotypical characteristics
during cytokine-free isolation and in vitro expansion of human articular chondrocytes. Our findings will lead to the
development of improved cell-based repair strategies for chondral lesions and provides important insights into
mechanisms underlying osteoarthritic progression.
Introduction
Hyaline articular cartilage is a connective tissue covering
the ends of bones in joints and is composed of specialized
cells, chondrocytes that produce a large amount of extracellular matrix. This matrix is crucial for the unique biomechanical properties of this tissue and is composed of a
collagen fiber network, providing tensile strength and
* Correspondence: h.jahr@erasmusmc.nl
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flexibility, and abundant ground matrix rich in proteoglycans [1].
The glycosaminoglycan (GAG) side chains of the proteoglycans are sulfated and responsible for a characteristic high fixed negative charge density [2], which binds
mobile cations (mainly sodium). This binding determines
the physiological tonicity (that is, osmotic pressure) of
the extracellular fluid around chondrocytes in vivo, but
the tonicity indirectly also largely depends on the quality
of the collagen network. Extracellular tonicity in healthy
cartilage ranges between 350 and 480 mOsm [3,4]. In
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Abstract
Background: Hip fracture patients often have an impaired nutritional status at the time of fracture, which can result in
a higher complication rate, prolonged rehabilitation time and increased mortality. A study was designed to evaluate
the effect of nutritional intervention on nutritional status, functional status, total length of stay, postoperative
complications and cost-effectiveness.
Methods: Open-labelled, multi-centre, randomized controlled trial in hip fracture patients aged 55 years and above.
The intervention group receives dietetic counselling (by regular home visits and telephone calls) and oral nutritional
supplementation for three months after surgery. The control group receives usual dietetic care as provided by the
hospital. Outcome assessment is performed at three and six months after hip fracture.
Discussion: Patient recruitment has started in July 2007 and has ended in December 2009. First results are expected in
2011.
Trial registration: ClinicalTrials.gov NCT00523575
Background
In the elderly, the incidence of hip fractures is high and it
will increase in the nearby future due to the changes in
the age demographics, the increased life expectancy and
the continuous improvement of health care [1,2]. Hip
fractures are one of the most common reasons for hospital admission and transfers to nursing home [3]. Only
37% of the hip fracture patients will return to their prefracture functional status, leading to high health care
costs and a major burden on health care utilization.
These costs are not only determined by acute hospital
costs, but even more by the long term costs such as
recovery in rehabilitation clinics, the need for home care
and the increased burden on informal care givers [4,5].
At the time of hospitalization for a hip fracture, the
prevalence of malnutrition ranges from 2% [6] to 63% [7].
* Correspondence: caroline.wyers@epid.unimaas.nl
1 Department of Epidemiology, Maastricht University Medical Centre, PO Box
616, 6200 MD Maastricht, The Netherlands
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Poor nutritional status in hip fracture patients is associated with impaired muscle function, disability [8], loss of
independency, lower mental function, decreased quality
of life [8], delayed wound healing, higher complication
rate [9,10], prolonged rehabilitation time [8,9,11] and
increased mortality both during and after hospital admission [9,12-16]. During hospital admission, the nutritional
status can deteriorate further due to increased energy
expenditure caused by metabolic stress, combined with a
low intake due to the lack of appetite, nausea and psychological factors.
In the past decades, several studies have been conducted to determine the effectiveness of various types of
nutritional intervention in elderly hip fracture patients on
the length of stay, mortality, complications, nutritional
and functional status. Results of these studies are inconsistent and the evidence for nutritional supplementation
remains limited [17]. Oral nutritional supplementation is
the simplest type of nutritional intervention for hip fracture patients to improve the energy and protein intake
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Een 31-jarige Somalische man presenteert zich op de polikliniek van de afdeling Orthopedie.
Hij heeft al langer bestaande klachten aan zijn linkerarm, waarbij hij met name de
strekbeperking van zijn elleboog als hinderlijk ervaart. Er zijn geen pijnklachten.
Op 15-jarige leeftijd heeft de man een auto-ongeluk gehad in Somalië, waarbij er sprake was
van klachten van de linkerarm. Patiënt is hier toen echter niet voor behandeld in een
ziekenhuis. Sinds dit ongeluk heeft patiënt een functiebeperking van de linkerarm, waarvoor
hij nu de polikliniek bezoekt.
Bij lichamelijk onderzoek is er geen sprake van atrofie. Er is een afwijkende stand van het
ellebooggewricht merkbaar met een flexie/extensie van 90/30/0, waarbij er geen mogelijkheid
is tot pro- of supinatie. Neurovasculair onderzoek is normaal.
Op de röntgenfoto’s van de linkerelleboog wordt een dislocatie van de radius en ulna naar
dorsomediaal gezien, met een dysmorf aspect van de distale humerus. Gezien de anamnese
van patiënt bestaat deze situatie waarschijnlijk al sinds zijn 15de levensjaar.
Er is weinig bekend over chronische luxaties van het ellebooggewricht. Vaak is er sprake van
een posterieure of een posterolaterale dislocatie van het gewricht, waarbij bij ongeveer de
helft hiervan een fractuur optreedt.
Oude, chronische dislocaties van het ellebooggewricht worden in de westerse wereld niet
gezien. Deze worden voornamelijk gezien in de culturen waar nog veel gebruik wordt
gemaakt van traditionele helers, of waar weinig toegang is tot medische zorg.1
Deze patiënt heeft een betrekkelijk goede functie, gezien het trauma dat hij heeft doorgemaakt.
Wij hebben dit ook aan patiënt uitgelegd, en daarbij verteld dat een operatieve ingreep geen
goede optie is.
drs. S.D. Prinsen, anios orthopedie,
dr. P.J. Emans, orthopedisch chirurg, MUMC +
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Creating intervertebral disc cell lines
- immortalisation & characterisation WP5: T2.01.5.5.1-2 Human intervertebral disc cell lines
Van den Akker, G.G.H., Vos, L., Welting, T.J.M., Voncken, J.W. Van Rhijn, L.W.
Department of Orthopedic Surgery, Department of Molecular Genetics, MUMC+

Introduction

Immortalisation procedure

To study disc degeneration and evaluate treatment
strategies on IVD cartilage, in vitro models are needed. No
standardised cell models for nucleus pulposus (NP) and
annulus fibrosis (AF) are available. This project aims to
generate isogenic immortal cell lines from human
intervertebral disc NP and AF tissue. In stead of postmortem tissue, we use freshly harvested IVD tissue from
scoliosis patients.

Hypothetical de-differentiation

Marker gene expression

100%

Imm.
Imm.

0%
1

Cell morphology
Disc 1 Nucleus Pulposus

3

4

5

6

7

8

9

10

Passage number in vitro

Adapted from Nolan labs

Disc 1 Annulus Fibrosis

2

Figure 1: (Left) SV40 Lt and hTERT oncogenes are stably introduced using retroviral
transductions. (Right) Two passage numbers were chosen for immortalisation, 1) a differentiated
state and 2) a dedifferentiated state. Single cell colonies are picked to create a stable cell line.
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Figure 3: Cell morphology of p5 isolated IVD cell pools. AF cells display a spindle

Figure 2: Characterisation of cell pools is done with a redifferentiation protocol tested on

shaped morphology whereas NP cells show a stretched phenotype.

primary articular chondrocytes (fig 6) and evaluated by western blotting.
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Conclusions
- Generation of precursor cells is possible

Days pid

- Isolated IVD cell pools can be “re-differentiated”

Tubulin
Col2A1

- AF and NP cells behave differently

ColXA1

- Separate patient isolates respond similar
Figure 6: Primary chondrocytes from degenerated (1-4) and healthy (5,6) donors were
re-differentiated. Col10A1 is expressed in al viable cultures using similar procedures

- Immortalization of IVD cells is ongoing
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Abstract

Chondrogenesis

Cells use cues from their direct environment to adjust their physiological state.
Differentiation is a process in which such environmental cues orchestrate spatio-temporal
changes in gene expression profiles. Coding and non-coding genes are packed into
chromatin. Chromatin structure, which is in part determined by covalent modifications of
histones, around which DNA is wrapped, determines whether genes can be accessed or
not. Our central research questions are: what connects these environmental cues to
chromatin? What are the signaling factors involved in the very early moments of
epigenomic remodeling and, hence, of differentiation?
We study chondrogenesis (cartilage formation) as a function of environmental changes
and focus on epigenetics.
Early growth response 1 (Egr1) is an “immediate early gene” based on its rapid induction
kinetics. Depending on the cell type Egr1 promotes or inhibits proliferation. Its function in
chondrogenesis is unknown. We hypothesize that Egr1 is a crucial regulator of early steps
in chondrogenic commitment.

Chondrogenic model
a

Mesenchymal
progenitor cell

Chondrogenesis

Cartilage

Bone

differentiation

Hypothesis

100

control

1

3

GAPDH

12
0

5

10

0

15

b

1

2

4

8

12

shEgr1

EGR1

time (hours post-induction)

GAPDH
0

1

2

4

0

1

2

4

1

1.5

a

150

0.05
1

3

9

14

20

0.1

shcon
0

6

•
•

shEgr1
10

15

0

6

10

15

Days post induction

•

0

•

αH3K4me3
0.1

0

2

10

1

5

0

0

HoxA4

2

8

αH3K9me3

αBeta actin

HoxA7

25
0

0.5

50

8

Egr1 is rapidly induced early in chondrogenesis,
Egr1 binds Sox9 and is crucial for Sox9 transcription,
a known chondrogenic master controller,
Egr1 is important for initiation of epigenomic
reprogramming,
Egr1 may be important to open chromatin for rapid
replication and transcription, instead of a classical
transcription factor.

Improved insight in gene-environment interactions in
general and specifically in proliferation and differentiation
control holds a promise of epigenetic therapy in
regenerative medicine.

0.1

0

2

Implication

αH3K9Ac

50

0

0

time (hours post-induction)

αH3K27me3

0.1

c

1

Summary

αEZH2

b

2

Loss of epigenetic reprogramming in shEgr1

50

0

H3K4me3

Figure 3. Loss of Egr1 reduces Sox9.
a) Early transcriptional induction of Sox9 in chondrogenesis, is lost in EGr1-KD.
b) Egr1 binds the Sox9 promotor, enrichment is very high 2 hours post induction.
c) The Sox9 promotor is epigenetically open.

αKap

0

12

H3K27me3

0
0

100

0.5

8

HA

Figure 3. Egr1 is involved in chondrogenesis.
a) Loss of Egr1 delays chondrogenesis. Expression of Col II, Col X
and RunX2 is impaired.
b) Transcriptional delay in Col II transcription.

a

HoxA1

4

c

3

4

fold induction

H3K4me3

15

Sox9-1

time (hours post-induction)

Not all Egr1 binding induces transcription

2

Egr1

Sox9-1

Time post differentiation (days)

Figure 3. EGR1 is rapidly induced in chondrogenesis.
a) Early transcriptional induction of Egr1 in chondrogenesis.
b) Egr1 induction at the protein level; loading control: GAPDH.
a,c) confirmation of RNAi-mediated Egr1-knock-down; loading control: GAPDH.

H3K27me3

10

4

0

HA

6

2

HA

8

0

Egr1

4

shcon
shEgr1

0

b

0

time (hours post-induction)

HA

2

0

shEgr1

Col II

12

Sox9

6

% of input

0

15

shcon

c

0

10

time post-induction (days)

time post-induction (days)

40

5

% of input

8

time (hours post-induction)

Rel. expression

Rel. expresion

8

Rel. expresion

shEgr1

shcon

1

a

GAPDH

20

0

Loss of Egr1 reduces Sox9

shEgr1

shcon

Col10

4

10

Loss of Egr1 blocks chondrogenesis

Col2

2

5

Schiffs’ base

EGR1

1

4
0

1

Figure 2. chondrogenic model.
a) Chondrogenesis in ATDC5 cultures is induced using medium
supplemented with Insulin-like growth factor, transferrin and Selenite.
b) Early chondrogenesis is characterized by rapid increase in cell
proliferation (graph lower left) which reflect increased replication in vivo.

Runx2

0

Collagen X

8

time (days post-induction)

Egr1 is a key regulator of chondrogenesis

a

60

Aggrecan

10

0

b

80

12

differentiation

fold-induction

Log relative cell numbers

Figure 1 - In a developing bone chondrogenesis (cartilage formation) and
osteogenesis (bone formation) start from the same mesenchymal progenitor.
Changes in the environment determine cell fate and induce modifications in
gene expression profiles. Molecular mechanisms controlling gene-environment
interactions are incompletely understood.
We here study Egr-1 (Early Growth Response Gene1) in chondrogenesis.

Egr1 is rapidly induced in chondrogenesis

shcon

Protein
 Western

b

Discussion
Our data suggest a central role for Egr1 in cell fate decisions: loss of Egr1 results in
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Are periprosthetic tissue reactions observed after revision of total disc
replacement comparable to the reactions observed after total hip or knee
revision surgery?
Shennah Austen, Ilona M. Punt, Jack P.M. Cleutjens, Paul C. Willems, René H.M. ten
Broeke, Steven M. Kurtz, Lodewijk W. van Rhijn, André van Ooij
Background: Prosthetic wear debris leading to particle disease, followed by osteolysis, is
often observed after total hip arthroplasty (THA) and total knee arthroplasty (TKA). Although
the presence of polyethylene (PE) particles and periprosthetic inflammation after total disc
replacement (TDR) has been proven, osteolysis after TDR remains a rarity. The clinical
relevance of PE wear debris in the spine is poorly understood.
Purpose: To compare periprosthetic tissue reactions observed after TDR, THA and TKA
revision surgery.
Patient sample: From 2004-2009, 22 patients who were scheduled for revision surgery with
removal of a single-level SB Charité III prosthesis were selected. During surgery,
periprosthetic fibrous tissue was collected from the interfaces surrounding TDR. These
samples were compared to tissue samples collected during revision in 10 THA and 5 TKA
patients selected in 2009 and 2010.
Outcome measurements: The number and histomorphometric characteristics of PE wear
particles and periprosthetic inflammatory tissue reactions.
Methods: Tissue samples were stained with hematoxylin/eosin and examined by using light
microscopy with normal and polarized light, at a magnification of 100x. Analyzed parameters
included the size and shape of the PE particles and number of PE particles per mm2 tissue.
The presence and number of different inflammatory cells were graded according to a modified
Mirra classification.
Results: After THA, high numbers of PE particles <5 µm were observed, which were mainly
phagocytosed by macrophages (Fig. 1a). The TKA group had a broad size range with many
larger PE particles and more giant cells (Fig. 1b). In TDR, the size range was similar to that
observed in TKA (Fig. 1c). However, the smallest particles were the most prevalent with over
60% of the particles being <5 µm, as seen in revision THA. In TDR both macrophages and
giant cells were present with a higher number of macrophages.
Discussion: Wear conditions in TKA generate larger PE particles through delamination and
cracking. Small particles as generated in THA involve adhesion and abrasion. In TDR, it is
posed that wear patterns at the dome of the PE core show resemblance with THA and around
the rim with TKA. However, THA wear conditions are prevailing at both the dome and rim of
the core. The combined THA and TKA wear patterns in TDR may explain why TDR and
TKA particles have a comparable size range, both small and larger particles are being formed.
In TDR, the small particles are the most prevalent, probably due to prevailing of the THA
patterns. The current findings may help to improve TDR design as applied from technologies
previously developed in THA and TKA with the goal of a longer survival of TDR.
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Figure 1. Polyethylene particle size frequency distribution of A) THA, B) TKA, C) TDR. PE particles larger than
2.05 µm were detected.
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3D plotted bone scaffolds using biodegradable cements
Funded by the Dutch Ministry of Economical Affairs and the provinces of Noord Brabant and Limburg, Pieken in de Delta progamm, project 1-5221

INTRODUCTION: The generative manufacturing technique
Dispense Plotting is suitable to build-up scaffolds with individual
shape and dimensions by using calcium phosphate based materials.
However, the thermal treatment after the 3D plotting process
disallows the incorporation of pharmaceuticals directly into the
material. Especially for completely biodegradable scaffolds, drugs
and growth factors are an important support for the remodeling
process. Therefore a biodegradable ceramic paste was developed,
which was processed using Dispense Plotting. The paste hardened
after the plotting process in a cement reaction, without any required
heat treatments afterwards, allowing a direct incorporation of
pharmaceuticals.

Fig. 1 Tricalcium phosphate + organic additives

Fig. 2 SpeedmixerTM DAC 150 FVZ,
Hauschild, Hamm, Germany

Fig. 3 Extrudable cement paste

METHODS: Tricalcium phosphate granulate was mixed together with different additives
(Fig. 1 and 2) resulting in a viscous cement paste (Fig. 3). Scaffolds were plotted on a
dispense plotter with linear actuators and adjustable air pressure using a 1 mm nozzle
(Fig. 4). The plotted scaffolds were hardened with phosphoric acid by infiltration (Fig.
5). Cell culture tests on extruded samples were performed using ATDC5 cells (Fig. 6).
Animal experiments were performed to analyze biodegradation and osseointegration.
The operation was performed using an established iliac wing defect model in sheep.
Both, empty defects and defects filled with autologous bone were also prepared as
positive controls. The biodegradation process was monitored by micro computer
tomography.

Fig. 4 Linear actuators on a xyz-table. TCP cement paste is
filled in the red syringe with a 1 mm nozzle.

DISCUSSION & CONCLUSIONS:
A ceramic paste with optimized
properties regarding viscosity, reactivity, plasticity and biocompatibility was developed for 3D plotting of bone substitute scaffolds.
No thermal after-treatment was
required for the hardening of the
specimens. Our preliminary analysis reveals that the scaffold group
shows less de novo bone synthesis compared to the defects filled
with autologous bone. However,
the data suggest that the scaffold
group was able to more efficiently
restore the bony defect compared
to the reference empty defects.
The possibility to incorporate additional drugs and growth factors
into the ceramic paste is promising
for novel functionalized scaffolds.

Fig. 5 TCP based scaffold infiltrated with
phosphoric acid

RESULTS: The TCP-based composite material was
extrudable asA continuous, curved threads. No cracks
B
appeared after setting the scaffolds in phosphoric acid. The
cell culture tests showed that the cell proliferation was less
pronounced compared to the reference cultures (Fig. 7).
The differentiation rate exceeded two times that of the
reference samples after 14 days (Fig. 8). During implantation the scaffolds fitted perfectly into the defects and
neither chipping nor cracking was observed (Fig. 9).
Computer tomographic analyses proofed the degradation
of the scaffolds and the formation of new bone after three
months (Fig. 10).

Fig. 6 Cell culture test
with ATD C5 cells
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Fig. 7 Proliferation rate of ATD C5 cells on ceramic scaffolds.

Fig. 9 Implantation of a TCP-scaffold into the illiac crest of a sheep

X-Violet --- Differentiation Fusebone ATDC5
20.0
18.0

a)

Differentiation w ithout ceramic

b)

c)

d)

16.0
14.0

Differentiation w ith ceramic

12.0
10.0
8.0
6.0

Please contact:
Dipl.-Ing. Christian Bergmann
phone.: +49-(0)241-8080936
fax:
+49-(0)241-8082027
e-mail: chbergmann@ukaachen.de

4.0
2.0
0.0
T=00

T=02d

T=04d Tim e T=06d

T=10d

T=14d

Fig. 8 Differentiation rate of ATD C5 cells on ceramic scaffolds.

Fig. 10 Computer tomography: a) Scaffold before implantation, b) empty defect after 3 months,
c) defect filled with ceramic scaffold after 3 months, d) defect filled with autologous bone after
three months
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Cemented stem optimizations and bone remodeling. Comparison of FEA predictions with clinical
outcome and DEXA results of the cemented Scientific Hip Prosthesis and Omnifit hip prosthesis.
Ten Broeke RH1,2, Arts JJ1,2, Harings SE1, Emans, PJ1,2, Leffers P 2, Geesink RG1,2.
1. Dept Orthopaedic Surgery, Maastricht University Medical Centre, Maastricht, the Netherlands.
2. Researchschool Caphri, Maastricht University Medical Centre, the Netherlands

Background
The Scientific Hip Prosthesis (SHP) was designed in the mid
1980s with an anatomic geometry, proximal roughening and no
collar in order to enhance mechanical stability and reduce stemcement debonding. The SHP was designed so the compressive
and shear stresses in the cement mantle and over the interfaces
are, compared to other designs, reduced in the calcar area
(medially) and around the tip (mainly laterally).1 This should result
in a more even stress distribution around the entire stem (figure 2
bottom right) Early postop RSA however showed excessive
migration that suggested early debonding with high failure rates.2,3
In this study it was assessed if preclinical FEA considerations,
often used to improve implant design, and RSA predictions on
implant fixation and bone remodeling could be validated with
DEXA analysis for both the cemented SHP and Omnifit
prosthesis. The cementlayer influence on the assessment of
periprosthetic BMD was also assessed to determine to which
extent this would mask bone remodeling after THA.

Results
Radiology
There were no revisions and no proven radiographic loosening in
either group at 11 year FU. The tendency of the SHP to migrate
could be confirmed.
Clinical results
Clinical results and patient satisfaction as assessed by OHS, HHS
and RAND-36 were similar for both stems but with a slightly better
non-significant (p>0.05) performance for the SHP hip stem.
BMD
The BMD measured in zones A-B-C tended to decrease non
significantly more in the Omnifit than in the SHP group. Zone C
showed the largest BMD loss. Significant difference in BMD total is
seen at 3-12-24 months (p 0.046, 0.001, 0.03) and in BMD bone at
3 and 12 months (p bone 0.042, 0.011) and in BMD cement at 12
and 24 months; (p cement 0.001, 0.027) respectively.
Zone C bone

Zone C total

Methods
Study design
• RCT: 72 patients (75 hips) in a single centre
• SHP (Biomet) 38 hips, Omnifit (Stryker) 37 hips
• Outcome measurements:
- BMD on specific ROI (DEXA)
- X-rays (implant position, migration, radiolucency)
- HHS, OHS (Oxford Hip Score) and RAND-36
DEXA preop and 1.5-3-6-12-24 months postop with ROI chosen
such that similar bone areas were compared in 3 different ways:
BMD cement: scan within a standardized offset of 3 mm from the
implant including most if not all of the cement.
BMD bone: scan outside offset 1 where no cement was
present anymore
BMD total: scan of entire ROI (offset + perimeter) according to
most DEXA studies of cemented THA.
Clinical and radiographic evaluation were assessed on yearly
basis after 2 year follow up untill 11 years postoperative.
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Figure 2: BMD course of the zones C (Gruen zone 7) comparing the SHP () and
Omnifit () stem, with immediate postoperative BMD set at 100 % (= baseline
reference) for BMD cement, BMD bone and BMD total.
Image bottom right: The SHP was designed to reduce compressive and shear
stresses in the cement mantle, interfaces, calcar area and around the tip ideally
resulting in a more even stress distribution around the entire stem.

Discussion
Based on FEA optimizations of the SHP simulations, lower stress
peaks in the cement should lead to less stress transfer to bone and
consequently more stress shielding. From RSA studies it could be
hypothesized that a migrating SHP stem with rough surface finish
would cause cement abrasion, osteolysis and inferior survival.
Compared to the Omnifit neither expectations could be confirmed.
We conclude that implant migration alone is not a valuable predictor
of future performance for all stem designs. Preclinical design
optimizations are still not accurate enough and, like information on
early migration, should be validated with clinical studies.
In the important proximal femoral ROIs the effect of the implant on
bone remodeling is most prominent and can therefore best be
detected outside the cement mantle.
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Figure 1: Delineation of ROIs around the SHP (left) and Omnifit (right) based on the
seven Gruen zones.4 Zone A and C are corresponding with the roughened part of the
SHP stem. This delineation is exactly transferred to the Omnifit stem in order to
generate comparable ROIs for assessment of periprosthetic bone remodeling.
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The influence of the choice of regions of interest on results of periprosthetic
bone densitometry after total hip arthroplasty. A suggestion for improvement.
Ten Broeke RH1,2, Arts JJ1,2, Jutten EM1,2, Hendrickx RP2, Leffers P2, Geesink RG1,2.
1. Dept Orthopaedic Surgery, Maastricht University Medical Centre, Maastricht, the Netherlands.
2. Researchschool Caphri, Maastricht University Medical Centre, the Netherlands

Background
The lack of uniformity in the use of regions of interest (ROI) for
periprosthetic bone densitometry makes bone remodeling around
different implant designs incomparable. Even standardization by
applying the adapted Gruen zones (for uncemented stems with a
proximal coating) resulted in confusing outcomes when comparing
various hip stems. In this study a modification of the adapted
Gruen zones is introduced to acquire ROIs that are more uniform,
and guarantee DEXA-results that really represent the effect of the
implant on BMD and bone remodeling.

Methods
Study design
• Prospective single centre RCT: 50 patients
• Symax (Stryker) 25 hips, Omnifit (Stryker) 25 hips
• Outcome measurements:
- BMD on specific ROI (DEXA)
DEXA analysis
• Baseline DEXA first week postop
• Follow-up DEXA at 1.5-3-6-12-24 months
• BMD changes (in g/cm2) expressed as % relative to baseline
bone density
1. ‘standard adapted Gruen zones’:
Gruen zones 1 and 7 correspond exactly with HA coating
length
2. ‘modified adapted Gruen zones’
Gruen zones 1 and 7 around the Omnifit hip stem are taken
identical in length to the Symax hip stem and Gruen zones 26 are equally divided around the rest of the stem (analyzing
the same bone area in both stems).

Figure 2: Symax (left) and Omnifit (right). stems of comparable sizes illustrating how
the application of the original (or ‘standard’) adapted Gruen zones’ will result in
inclusion of more cortical bone in zone 7 in case of the Omnifit.

Results
Using the ‘standard Gruen zones’ the data suggests higher BMDvalues around the Omnifit. The ‘modified Gruen zones’ show a
difference in relative BMD around the Omnifit between the original
(‘standard’) and the ‘modified’ Gruen zones varying between 0-4 %
in ROI 1 and 7 in favor of the ‘standard’ zones. Because the more
distal Gruen 2-6 zones already are mainly cortical, their composition
does not change when using the ‘modified’ Gruen zones, and
consequently there is no clear difference in BMD. As a result of this
more correct choice of regions of interest, the improved preservation
of bone stock around the Symax stem compared to the Omnifit
becomes larger and also statistically significant in zone 7 (p < 0.01).
This effect was masked using the ‘standard’ zones.

Implant sizing:
Implant sizes that were compared were chosen by their
distribution amongst the study-population. The correct matching of
a Symax size with an Omnifit was confirmed with templating on
the preoperative X-ray.

105

Statistics
Longitudinal BMD results per Gruen zone are expressed as
relative values with baseline DEXA as reference set at 100%.
Symax and Omnifit group were compared in any ROI.
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Figure 3: BMD over time in ROI 7 comparing the Symax () with both the ‘standard
adapted Gruen zones’ () and the ‘modified adapted Gruen zones’ () around the
Omnifit stem. [Baseline = postop BMD set at 100 %].

Discussion
Although the difference in HA coating-length between the Symax
and Omnifit hip stems was only small (which implies only a
moderate adjustment between ‘standard’ and ‘modified’ Gruen
zones) nevertheless a significant difference in bone mineral density
preservation in zone 7 between the stems, that would otherwise
have been concealed could be detected.
We recommend the use of the ‘modified’ adapted Gruen zones for
better recognition of remodeling effects caused by the implant itself.
Figure 1: Symax (left) and Omnifit (right) hip stems illustrating the small difference in
coating length between comparable stem sizes.
Good comparison of bone remodeling in zone 7 makes adjustment of the ‘standard
adapted Gruen zones’ to the ‘modified adapted Gruen zones necessary.
Correspondence to:
r.ten.broeke@mumc.nl

Dept of Orthopaedic Surgery
Maastricht University Medical Centre

j.arts@mumc.nl

T +31433875037

Acknowledgement:
This work was supported by research grant from Stryker.

Biomimetic HA Coating for uncemented Symax Hip Stem. Clinical proof of
efficacy.
ten Broeke, RHM; Arts, JJ; Geesink, RGT
INTRODUCTION
Despite good clinical results of HA-coatings on uncemented implants, concerns were raised
about the coating degradation, possible occurrence of 3rd body wear particles which both may
lead to deterioration of the bone-implant bonding and subsequently to implant loosening. In
this study 4 retrieved uncemented SymaxTM hip stems were analyzed to assess the effect and
behavior of the BONIT-HA coating (proximal part) and DOTIZE- surface treatment.
METHODS
4 uncemented Symax hip stems (Stryker) were extracted for deep infection (9, 13 months),
acetabular fracture (3/4 months) and recurrent dislocation (32 months) providing a
representative reflection of periprosthetic bone remodeling and coating loss and its effect on
bone-implant bonding. Qualitative histology on bone remodeling, quantitative
histomorphometry in the Gruen zones on bone-implant contact and bone density and also
scanning electron microscopy (SEM) on bone-implant contact were performed.
RESULTS
In all retrievals the biomimetic HA coating had completely disappeared reflecting the high
bioactive character. Histology as well as SEM analysis showed extensive bone-implant
bonding without fibrous tissue interface. Active remodeling of the bone was identified
through osteoclastic lacunae in combination with coexisting osteoid lines. No 3rd body wear
particles were observed. Histomorphometry showed DOTIZE-surface treatment fully
preventing tissue attachment and bone apposition of any kind, optimizing the proximal stress
transfer to the bone. Histomorphometry showed bone-implant contact varying between 26.5%
and 83.5% . Bone density within the area of investigation was between 24.6% (3 weeks) and
41.1% (32 months) .
DISCUSSION
Discussion on HA coatings focuses on bioactivity, resorbability, stability and the effect of HA
resorption on bone-implant bonding. Degradation of bioactive HA coatings form an essential
part in the remodeling of the bone-implant interface. In comparison with plasma sprayed HA
coatings biomimetic HA coatings are thinner and can be applied with a better and deeper 3Dopen surface structure of the implant. This will improve bone-implant anchorage. This study
provides valuable insight in early coating resorption and bone remodeling around a
biomimetic HA coating on an uncemented Symax hip stem. Despite of the inherent swift bone
remodeling and resorption on the HA coating, there was no negative effect on the bone
anchorage of the implant observed. This supports the expectation that the rough and porous
surface texture of the coating and the geometry of the uncemented Symax stem design (for
optimal fit and fill) will be able to maintain long term osseointegration. The study also
demonstrated that DOTIZE surface treatment as intended can prevent bone apposition and
osseointegration of the distal part of the stem, creating optimal stress transfer characteristics
to the bone.
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BMP-2 and BMP-7: differential regulation of chondrocyte hypertrophy
Coolsen MME, Welting TJM, Emans PJ, Caron MMJ, Arts J, Surtel DAM, Cremers A, and van Rhijn LW.
Department of Orthopaedic Surgery, GROW School for Developmental Biology and Oncology, Maastricht University Medical Center, The Netherlands
t.welting@orthop.unimaas.nl
INTRODUCTION
BMP-7. The profound differential effect of BMP-2 and BMP-7 on
Bone morphogenetic protein (BMP)-2 and BMP-7, two
chondrogenic differentiation of ATDC5 cells could also be confirmed
members of the transforming growth factor-β (TGF-β) superfamily, are
during chondrogenesis of hBMSCs .
known to induce (ectopic) bone formation. The recombinant human
The ex vivo periosteum cultures supplemented with BMP-2
versions of these proteins are clinically approved and used to promote
showed chondrocyte hypertrophic differentiation after 21 days, while
osteogenesis at sites of poor fracture healing (non-unions) and as
cultures with BMP-7 hardly showed any hypertrophy as determined
additional factors to enhance integration of bone grafts (1).
morphologically (fig 2). In agreement with this, immunohistochemical
Recently, studies have shown that BMPs also show a
staining of RunX2 showed positive hypertrophic chondrocytes in the
chondrogenic potential (2). One report specifically shows a difference in
presence of BMP-2 but less staining of with BMP-7.
chondrogenic potency between BMP-2 versus BMP-7 (5). The
underlying mechanism explaining this difference is unknown. During
DISCUSSION
In this study we investigated the differential effects of BMPendochondral bone formation chondrogenic hypertrophic differentiation
2 and BMP-7 during chondrogenesis towards endstage hypertrophic
is the step after chondrogenesis and precedes osteogenesis. We
chondrogenesis. BMP-7 specifically enhances the level of
hypothesized that BMP-2 and BMP-7 may exert differential functions
chondrogenesis in ATDC5 cells in a dose-dependent manner and
during the process of chondrocyte hypertrophy For this purpose we
markers for endstage hypertrophic differentiation (Col X and RunX2)
studied the role of BMP-2 and BMP-7 during (hypertrophic)
are downregulated by BMP-7 in a similar way. This is in contrast to
chondrogenesis in different endochondral differentiation models.
BMP-2 which stimulates endstage chondrocyte hypertrophy (as
METHODS
determined by RunX2 and Col X). These findings are in line with
Experimental in vitro models: We used 2 different in vitro
studies by Knippenberg et al. who showed that BMP-2 induces an
models: the murine chondrogenic progenitor cell line ATDC5 and
osteogenic phenotype in adipose stem cells while BMP-7 induces a more
human bone marrow stem cells (hBMSCs).
chondrogenic phenotype (5). During endochondral bone formation
Differentiation protocol: The ATDC5 cells and hBMSCs
chondrogenesis is followed by chondrocyte hypertrophy. Amongst
were cultured and differentiated in monolayer according to standard
others, these processes are regulated by dedicated transcriptionfactors.
protocols described earlier (3). In order to study the dose-response of
Differential activation of chondrogenic transcriptionfactors might
BMP’s, ATDC5 cells were differentiated for 14 days in presence of
explain the differences observed for BMP-2 and BMP-7 during
increasing doses of BMP-2 or BMP-7 (0, 0.3, 3 and 30 ng/ml) added
chondrogenesis. Our current research focuses on unraveling these
from the onset of differentiation. The effect of BMPs on different stages
processes and get more insight into the underlying mechanisms causing
of chondrogenesis was examined by adding BMP-2 (30ng/ml) or BMP-7
the differential action of BMP-2 and BMP-7 during chondrogenesis.
(30ng/nl) from day 2, 4, 6, 8 or 10 after initiating ATDC5 chondrogenic
differentiation. HBMSCs were differentiated for 21 days in presence of
BMP-2
BMP-7
30 ng/ml BMP-2 or BMP-7.
RNA isolation and real time PCR (RT-qPCR): After 14 days
(ATDC5) or 21 days (hBMSCs) cells were harvested and collected in
Collagen II
Trizol reagent for RNA extraction and RT-qPCR analysis. RT-qPCR
was performed in triplicate for Collagen Type II (Col II), Collagen type
Collagen X
X (Col X), collagen type I (Col I), osteopontin (OPN), RunX2 and Sox9
and values were normalized to β-Actin.
Western blot: Prior to harvest, cells were washed 3 times with
RunX2
0.9% NaCl, lysed in RIPA buffer and sonicated. Hereafter proteins were
separated by SDS-PAGE and transferred to nitrocellulose membranes
Tubulin
and analysed using immunodetection (Collagen II, Collagen X, RunX2,
Sox9 and α-Tubulin).
Periosteum ex vivo model: Periosteum from the upper medial
0 0.3 3 30 ng/ml 0 0.3 3 30 ng/ml
site of both tibia of skeletally mature female New Zealand white rabbits
was chondrogenic differentiated up to 21 days in an agarose culture as
described earlier and supplemented BMP-2 (30ng/ml) or BMP-7
Figure 1:Western blotting shows a dose-dependent increase in Col II expression
and a slight decrease of Col X and RunX2 in BMP-7 cultures while BMP-2
(30ng/ml) (4).
enhances Col X and RunX2 and decreases Col II. (ATDC5, 14 days)
Periosteum tissue isolation: After differentiation, specimens
were fixed in 4% paraformaldehyde, dehydrated and embedded in
paraffin.
A.
B.
Periosteum staining protocols: Five micrometer paraffin
sections were deparaffinized, hydrated and stained with FastGreen/Safarin-O and then coverslipped. Monoclonal anti-RunX2
antibodies were used to detect RunX2.
RESULTS
In the ATDC5 cell line RT-qPCR analysis showed a dosedependent Col II increase after 14 days of culture with BMP-2 and after
Figure 2: Periosteal Agarose Cultures after 21 days of chondrogenic differentiation
culture with BMP-7. Westernblot analysis showed this specifically for
(20x). (A) BMP-7-cultures: cartilage formation. (B) BMP-2 cultures: cartilage
hypertrophy.
BMP-7. BMP-7 appeared much more potent in causing this effect than
BMP-2. In contrast, BMP-2 showed a significant dose-dependent
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The Scorpio TKA Prosthesis with a mobile bearing or fixed bearing polyethylene insert.
RCT comparing clinical, radiological and functional test results at two year follow up
Deckers P1,2, Arts JJ1,2, Jutten EM1,2, Lodewick TM1, Punt IM1,2, van Steijn MJ1,2, van Rhijn LW1,2
1. Dept Orthopaedic Surgery, Maastricht University Medical Centre, Maastricht, the Netherlands.
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Background
Total knee arthroplasty (TKA) has become a standard operative
procedure to relieve pain and restore function in patients with
osteoarthritis. Polyethylene (PE) mobile bearing inserts have been
developed to minimize implant wear, prolong prosthesis survival
and evoke less anterior knee pain due to better self alignment.
In this study the clinical, radiological and functional outcome
results of Scorpio-flex PS TKA prosthesis with either a mobile
bearing (MB) or fixed bearing (FB) PE insert were assessed until
2 year follow-up.

Figure 2: Range of Motion (ROM) Y-axis: ROM in degrees. X-axis: Time.
1=preop; 2=3 months; 3=6 months; 4=12 months; 5=24 months.
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Figure 1:Scorpio-flex PS with PE Mobile Bearing (MB) insert and patella button .

Methods
Study design
• RCT, 100 patients in a single centre
• Assessments at pre-op, 3-6-12-24 months post-op
• Outcome measurements:
- X-rays (implant position, migration, radiolucency)
- ROM
- Knee Society Score (KSS) and RAND-36
- VAS during chair rise and stair climb
Results
1. Radiology
X-rays showed stable implants with no progressive radiolucent
lines in all patients. No significant differences in patellar tilting
were found.
2. Range of motion
No significant differences were found in total ROM between both
groups. MB knees showed a non-significant larger flexion untill 12
month follow-up (figure 2).
3. KSS and Rand 36 questionnaires
KSS score: KSS was calculated as KSS total score, KSS function
score and KSS pain score. All three scores showed a significant
improvement (p<0,01) over time in both groups (figure 3).
RAND-36 score: 8 out of 9 subdivisions showed the MB group to
score slightly better the first postoperative year. After one year the
differences disappeared.

Figure 3: KSS scoring specified by each item.

Discussion
The hypothesis that the Scorpio PS TKA prosthesis with a MB insert
provides a better ROM and KSS score (pain and function) was not
confirmed by the results. The MB did show less decrease in ROM
immediately postoperative as earlier reported by Harrington et al.1
This advantage did not persist.
The MB prosthesis regained its ROM after surgery earlier than the
FB implants. This difference could potentially be attributed to the
implant design and its kinematics. This advantage did not persist
after 1 year follow-up.
Another proposed advantage of the MB design is that it allows selfalignment of the tibia thereby improving patellafemoral tracking and
diminishing patellafemoral pain occurence. The pain measurements
(VAS) during the functional tests did not confirm this assumption.
The MB group showed a non-significant tendency to perform better
in terms of ROM the first 6 months post-op, KSS function score and
most of RAND 36 subdivisions the first year post-op. After 2 years
follow up all these advantages were gone.
This study shows no clear advantages in terms of function, pain,
ROM, KSS, Rand-36 and radiological evaluation of a MB insert
compared with FB insert in a PS TKA prosthesis at 2 year follow up.
References
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4. VAS during Chair rise (CRT) and Stair climb tests (SCT)
Both tests showed a significant decrease of VAS pain score over
time (p<0,01). No significant differences were seen between both
groups at any time point. However, VAS score results did show
the MB group to have less pain the first postoperative year.
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SCAFFOLD PORE –SIZE AND PORE-INTERCONNECTIVITY IMPROVE CARTILAGE REPAIR.
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3+.
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2. CellCoTec, Bilthoven, The Netherlands.
3. Department of Biomedical Engineering, University Medical Center Groningen, The Netherlands.

Results
All rabbits were thriving and well after the procedures but
limped for the first couple of days after the operations. While
a After 3 weeks, macroscopic examination revealed that the
OD’s were far from filled completely. At this time both 3DF
and CM scaffolds with allogenic chondrocytes did show the
first histological evidence of chondrogenesis but the scaffolds
could clearly be distinguished from the surrounding native
tissue.

3 DF

O'Driscoll cartilage
repair score

Methods
Models: a full thickness cartilage defect with a diameter of 4
mm was created of both of medial femoral condyles of
skeletally mature female New Zealand white rabbits(3). After
a period of 3 months a second operation was performed and
the cartilage defect was extended to an osteochondral defect
(OD) with a depth of 4 mm in which the scaffolds were
implanted. Three groups can be distinguished; (i) CM scaffold
with allogenic cells (n=13), (ii) 3DF scaffolds with allogenic
cells (n=12), and (iii) OD only (n=13). After a follow-up of 3
weeks and 3 months the rabbits were sacrificed.
Scaffolds: PEOT/PBT based scaffolds (4 mm in diameter × 4
mm in length) were obtained from IsoTisOrthoBiologics
(IsoTis OrthoBiologics, Irvine, CA, USA).
Cell isolation and culture: Articular rabbit cartilage was
isolated at IsoTis S.A., the samples were digested overnight
with 300 U /mL collagenase type II in HEPES-buffered
DMEM for isolation of chondrocytes, which were expanded
for 2-3 passages (18 days), pooled, and seeded on to
scaffolds(4).
Analysis: Femoral condyles were embedded in GMA, 5μM
sections were cut, and stained with thionine. Sections were
scored with a modified O’Driscoll score for cartilage repair
and the Mankin score for OA.

Histologically, after 3 weeks the non-treated ODs were filled
with fibrous tissue (Fig 1A-C). At this time the pores of both
scaffolds were infiltrated by host tissue which predominantly
consisted of fibrous tissue. Twelve weeks post-implantation
all defects were filled with a combination of fibrous tissue,
incompletely differentiated mesenchyme, and cartilage (Fig
1D-F). While the 3DF scaffolds were covered with a thick
layer of cartilage, the CM scaffolds were covered with a layer
of fibrous tissue in which some cartilage could be detected.
Using the Mann Whitney-U test, at 12 weeks the modified
O’Driscoll score was significantly (p<0.05) better for the 3DF
scaffolds compared to the CM scaffolds. Although not
significant, Mankin scores were also better for the 3DF
scaffolds compared to the CM scaffold.
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Background
Articular cartilage lesions fail to heal spontaneously and
even may evolve to osteoarthritis (OA)(1).
Repair of articular surfaces by tissue engineering
applications using three-dimensional synthetic porous
scaffolds may enhance repair of these lesions(2).
In vitro studies have shown that an increased pore size and
pore interconnectivity enhance cartilage formation(3).
The aim of this study was to compare the healing response
between scaffolds with different pore sizes and pore
interconnectivities in vivo using a compression moulding
(CM) and a 3 dimensional fiber deposition (3DF) technique
scaffolds with different pore sizes and interconnectivities .

12
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8
6
4
2
0
3 weeks

3 months
Follow-up

Figure 2: (A) O’Driscoll score for cartilage repair showing no differences after 3 weeks post
implantation. 3 months post-implantation both empty defects and 3DF scaffolds had an
significant better cartilage repair score compared to defects treated with CM scaffolds. (B)
Mankin scores did not show significant differences between the groups (* indicates P<0,05)

Discussion
Our data confirm in vitro data of Malda et al., showing that a
scaffold with increased pore size and interconnectivity
enhances cartilage formation in vitro and at an subcutaneous
implantation in nude mice(3).
CM scaffolds have more contained dead ends and narrow
interconnections which easily can be blocked by cells during
seeding or infiltrating cells after implantation. This difference
may have an effect on both cell infiltration and fluid flow, which
is important for both nutrient diffusion and cartilage functioning
(load distribution)(4).
The use of a scaffold with dead ends and narrow
interconnections may prevent these progenitor cells to diffuse
to the joint surface and prohibit these cells to contribute to the
cartilage repair.
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Figure 1: (A-C) osteochondral defects after 3 weeks FU. (D-F) osteochondral defects after 12
weeks FU (A, D) A defect filled with 3 DF scaffold. (B, E) A defect filled with a CM scaffold, and
(C, F) an empty defect.
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Validating an ambulant clinical monitoring system in Osteoarthritis of the Knee; ‘The Knee Coach’
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Background
To improve rehabilitation strategies and unravel the
pathomechanics of knee OA, it is critical to monitor the loading of
the affected joint during activities of daily living (ADL). Currently,
no ambulatory systems for load monitoring are available.
Therefore, we recently developed a smart knee brace within the
Biosensing project to quantify peak loads and repetitive loading
patterns of the knee joint during ADL. This novel technology will
enable to tailor treatment and rehabilitation strategies to the
needs of the individual patient. The aim of our study was to
validate the knee brace regarding knee angles in the sagittal
plane and activity monitoring by use of accelerometry. This
validation study precedes our clinical study concerning ambulant
monitoring of knee kinematics in TKA patients

Fig. 3 Knee angles in the saggittal plane of the brace compared with Vicon
during different types of movement and activity.

Fig 1. The knee brace as
designed by TNO Health &
Sports in cooperation with
the Maastricht University
Medical Center (MUMC+).

Methods
Study design
• Validation study, 10 patients in a single centre
• Exclusion criteria were pain, stiffness and/or any disability of the
knee joint, former knee surgery, existing OA or inflammatory
arthritis, obesity, injury of the upper and lower limb within 12
months to the start of the study
• Outcome measurements:
- Knee Kinematics; flexion/extension
- Daily activity
- Classification of activities
Results
Our preliminary results show an RMSE of 2,76 (SD 1,37)
regarding knee angles in the sagittal plane. Activity-monitoring
using accelerometry is currently undergoing validation.

Subject Subject Subject Subject Subject Subject Subject
2
3
4
5
6
7
Error 1
[deg]
m1

3,7010

3,7321

3,4156

3,5311

4,6292

4,7560

3,8873

m2

3,1548

3,5372

2,7979

2,7665

4,1810

4,1635

4,5356

m3

2,8407

3,6598

3,7559

2,8375

3,6625

4,3695

4,7014

m4

4,1945

4,2637

3,1854

3,1285

3,3602

4,0289

4,1182

m5

4,5698

4,6669

4,5384

2,6405

2,5209

4,5486

4,3865

m6

2,5479

4,2136

m7

3,2181

Fig 4. Per subject intra-measurement deviation of
absolute knee angles compared with 3D-motion analysis. Clinical cut-off value is 5.00 degrees.

Discussion
The present study was a pilot study, concerning healthy subjects, in
which the aim was to validate the knee brace regarding knee angles
and activity. This study precedes our clinical study in which the aim
is to enable ambulant monitoring of (daily) activity and ambulant
estimation of knee joint loads in postoperative TKA patients.
Currently running, is our second preclinical (pilot) study in which the
knee brace and insole pressure measurement system are being
tested as an integrated design for determination of knee kinematics.
This study comprises of knee osteoarthritis patients matched with
healthy controls.
Statistical analysis showed that the knee brace data were in
accordance with the Vicon data. Our preliminary results suggest an
accuracy within clinically acceptable standards. Analysis regarding
activity monitoring is currently being performed. In the future
biofeedback from the brace will enable physicians to adjust
interventions and daily activity to the individuals needs. This will be
addressed in the clinical trial.
References
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Fig 2. Knee kinematics, flexion/extension and dialy activity (classification) integrated in
one software program.
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Effectiveness and quality of life of a new tlso compared with the boston
brace
Joris Hermus, Jacobus Arts, Mark Hulsbosch, Nick Guldemond, Lodewijk Van Rhijn
INTRODUCTION
In current medical practice the effectiveness of conservative brace treatment is being
questioned due to lack of compliance. Several studies about brace treatment show that the “inbrace correction” of the thoracic and lumbar curve are not similar. Therefore, it seems
appropriate to define the thoracic and lumbar curves as different entities. With regard to this
observation we developed a new TLSO (Thoracic Lumbosacral Orthosis) named “Brace
2000” with a rigid lumbar module which gives extension of the lumbar spine and functions as
the basis for the semi-flexible thoracic brace pad. We hypothesised that the Brace 2000 would
lead to a higher or similar correction force but with a higher outcome score for patient
satisfaction as well as SRS22 and Greek Brace Questionnaire
MATERIAL AND METHODS
Pressure measurements were performed in 15 patients wearing the golden standard/Boston
brace and in 10 patients wearing the brace2000 to understand the efficacy between the two
braces. The SRS 22 and Greek Brace Questionnaire where used to make an assessment of
patient satisfaction as well as quality of life.
RESULTS
The mean duration of brace treatment prior to participating in the present study was 25.5
months for the Boston brace and 13.9 months for the Brace 2000. In the Boston brace group
the mean primary right thoracic curve was 35.8° ; the mean secondary curve measured 24.1°.
The mean corrective force over the lumbar brace pad in standing position was 394 N; over the
thoracic brace pad it was 453 N. In the Brace 2000 group the mean primary right thoracic
curve was 30.9° ; the mean secondary curve measured 16.0°. The mean corrective force over
the lumbar brace pad in standing position was 404 N; over the thoracic brace pad it was 567
N. In comparison to the Boston brace, the Brace 200 scored significantly higher on both the
SRS 22 questionnaire and Greek brace questionnaire outcomes as well as patient satisfaction.
CONCLUSION
There was no significant difference in pressure calculation between Boston brace and Brace
2000. However the Brace 2000 showed significantly higher questionnaire outcome indicating
a potential better quality of life. Wiley et al reported that a group of patients who were not
compliant to wearing their brace had significantly less correction of the curve compared with
compliant patients. We believe that the higher patient satisfaction and acceptance of the Brace
2000 will result in a higher patient compliance resulting in an optimal curvature correction.

CAPHRI School for Public Health and Primary Care

ANTIBACTERIAL COATINGS FOR TITANIUM
SUBSTRATES
JCE Odekerken, TJM Welting, JJC Arts, GHIM Walenkamp
Orthopaedic Research Laboratory Maastricht, Department of Orthopaedic surgery, Maastricht University Medical Centre

Background

Objectives

With an aging population, accompanied by arthrosis, pain, loss of function

- Establish a reproducible osteomyelitis model in rabbits

and decrease in range of motion of the joint, implantation of joint prostheses
becomes increasingly frequent. This invasive surgical procedure can result in
a post-operative infection in about 3% of the cases and since more

- Specify the inoculum causing osteomyelitis, with and without implant
- Evaluate the antimicrobial properties of the newly developed coating

prostheses are implanted every year, more infections occur. The overall
biocompatibility of titanium, used in orthopaedic implants, is good. However,
titanium has no antimicrobial properties. In this study newly developed

Planning

quaternary ammonium coatings designed for their antimicrobial properties on
titanium substrates will be evaluated.

Introduction
Orthopaedic implant infections are mainly caused by Staphylococcus aureus
and Staphylococcus epidermidis. Due to biofilm formation on the orthopaedic
implant,

the

surrounding

tissue

experiences

excessive

damage

In vivo

In vitro

and

osteolysis, resulting in loosening of the prosthesis. We hypothesize that with
newly developed quaternary ammonium coatings, the biofilm formation and

In vitro cell

Evaluation of

bacterial growth will be inhibited, resulting in an elongated lifespan of

survival tests

biofilm formation

orthopaedic implants.

Reproducible model

Dose finding and natural occurrence

Methods

Coating qualification

Coating evaluation

Coatings will be evaluated in a rabbit osteomyelitis model. In which a (un)
coated titanium rod is placed (with or without a bacterium inoculum) in the

Final coating

proximal end of the tibia.1,2 The correct implantation of the implant will be
evaluated by X-ray. Health status will be monitored by blood samples
and weight of the animal. PET-CT
Clinical evaluation

imaging will be used as an in vivo
Figure 1: Ondertekst bij tabellen en afbeeldingen
diagnostic tool for inflammation. After
42 days follow-up animals will be
sacrificed and the titanium implants
will

be

evaluated,

by

histological

Conclusion

staining, on bone integration, biofilm

In vitro experiments will provide basic details about coating behavior and

formation, coating effectiveness and

antimicrobial properties, whereas the rabbit osteomyelitis model will provide

clinical

the necessary information for the evaluation of antimicrobial coatings in vivo.

signs

of

infection

in

the

surrounding tissue.
Figure 1: Schematic representation of the rabbit
osteomyelitis model, depicting the titanium implant in the
proximal end of the tibia.

Together these data will show which coating performs best in terms of
antimicrobial activity and osteointegration and therefore may be used in
further clinical applications
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Salvage strategies of the Charité lumbar disc prosthesis:
clinical results after a follow-up of 3 years
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Background

Results

Although the debate concerning the advantages and long-term durability
of total disc replacement (TDR) is still ongoing, TDR is increasingly used
as an alternative surgical treatment for lumbar degenerative disc
disease.
Recently, Guyer et al. [1] reported in a group of 133 randomized
patients, no differences in safety and clinical outcomes between lumbar
fusion and TDR at a minimal follow-up of 5 years. However, between 2
and 5 year follow-up points they observed device failures in the TDR
group, while no failures were seen in the fusion group. [1]
As should be the case with every new device that is introduced to the
market, possible failure mechanisms and how to manage them, should
be known. The rates of symptomatic failure TDR are only expected to
increase further at long-term follow-up, which warrants the need for
surgical revision strategies.[2]

VAS pain scores:

Objective
To compare the clinical results at 3 year follow-up of two different
salvage operations in patients with failed SB Charité III TDR’s.
Posterolateral instrumented fusion without TDR removal was compared
with removal of the TDR with allograft interposition combined with
posterolateral instrumented fusion (360o fusion).

Figure 3: Small-world networks are
modeled by a graph with a topology in
In the TDR removal group the VAS scores
were
which
mostsignificantly
connections arelower
local at all
coefficient: (p<0.01).
C) and any two
postoperative time points compared to(cluster
preoperatively
In the
nodes
can befollow-up
reached through
a small
posterolateral fusion only group, only at
2 year
a significant
of stepsyears
(path length:
L)
decrease in VAS was found (p<0.03). number
At three
follow-up,
the

mean VAS score in the TDR removal group was lower (5.8) than the
mean VAS score in the posterolateral fusion only group (7.2), p=0.05
(Fig. 2).

Oswestry Disability Index:
The ODI decreased in the first year in the fusion only group from 60.6
(SEM 3.3) to 49.2 (SEM 6.3) (p=0.07), and in the disc removal group
from 54.2 (SEM 2.9) to 43.4 (SEM 4.0) (p=0.02). No differences were
found at the two and three year follow-up compared to one year followup. There were no significant differences between the two groups in
time (Fig. 3).
The clinical success rates were equal in both groups. The percentage of
patients with a 15-pt improvement in ODI versus baseline was tabulated
per group and time point (Fig. 4).[1]

n=27

n=15

n=22

n=10

n=19

n=9

n=16

n=8

Figure 3: Mean ODI scores for both groups at all time points. The error bars
represent the standard error of the mean.

Short Form 36 (SF-36) health survey questionnaire:
No significant differences were found in any SF-36 sub score between
the two groups at all time points.
Complications:

A

B

An overview of the per- and postoperative complications from both
salvage strategies is shown in Table 1.

Figure 1: Lateral x-ray of
a) posterolateral instrumented fusion
L5-S1 without TDR removal,
b) removal TDR combined with
posterolateral instrumented
fusion L3-4.
Figure 4: Percentage of patients with at least 15-pt improvement in ODI, for
each group and at all time points.

Methods

Conclusion

Study design:
Of the patients with persisting or recurrent pain after TDR, 15
underwent posterolateral instrumented fusion and in 27 patients the
TDR was removed by a retroperitoneal approach and 360o fusion was
performed (Fig 1). In eight of these 27 patients only the TDR was
removed and replaced by a massive femoral allograft because posterior
fusion had been performed already several years earlier (range 1.5 –
7.5 years). The operations with TDR removal were attended by a
vascular surgeon because of potential retroperitoneal scarring and
vascular complications.
Clinical outcome measures:
Clinical evaluations were completed before revision surgery and at 1, 2
and 3 years post-surgery. These included a 10-point Visual Analogue
Scale (VAS) for pain, Oswestry Disability Index (ODI) and Short Form
36 (SF36) health survey questionnaire.
Clinical success rate was defined as a >15-point improvement in
ODI.[1]

n=27

n=15

n=23

n=10

n=20

n=16

n=8

Figure 2: Mean VAS scores for both groups at all time points. The error bars
represent the standard error of the mean.

Table 1: Per- and postoperative complications resulting from both salvage
strategies

Per-operative

Fusion only

Removal

-

- left common iliac artery lesion (n=1)
- left common iliac vein lesions (n=2),
one resulting in a deep venous
thrombosis of the left leg
- bleeding ascending lumbar vein (n=1)
- pronounced bleeding intervertebral defect (n=1)
- major blood loss (5100 cc) (n=1)
- small colon lesion (n=1)
- decreased sensitivity in the left groin (n=2)

Statistical analysis:
Analyses were performed using SPSS 16. Non parametric tests, i.e.
Mann-Whitney and Wilcoxon were used to test means. P-values <0.05
were considered significant.

n=10

This is the first study that compares two salvage operation strategies for
failed TDR’s. Our results indicate that, after a three year follow-up, TDR
removal may produce a slightly better reduction of pain. In a previous
study, we demonstrated the presence of polyethylene (PE) wear
particles and periprosthetic inflammatory reactions in the proximity of
TDR’s in symptomatic patients. [3] These inflammatory reactions may
generate pain. [4] We therefore hypothesize that TDR removal may
reduce back pain in failed TDR by stopping the formation of new PE
wear particles and thus diminishing consequent inflammation. However,
(i) the possible benefits of TDR removal should be carefully weighed up
against potential risks and complications of this salvage procedure, and
(ii) larger groups with longer follow-up periods are necessary to further
support this conclusion.

Post-operative:
0-3 year

-pseudo-arthrosis (n=2)
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- resection left kidney (n=1)

References
[1] Guyer et al. TheSpineJ 374-86 (2009)
[2] Cunningham et al. TheSpineJ Epub (2009)
[3] Punt et al. Biomaterials 30(11): 2079-84 (2009)
[4] Burke et al. JBJS 196-201 (2002)

CAPHRI Research School
Maastricht University
P.O. Box 616
6200 MD Maastricht, the Netherlands

Submicron-sized UHMWPE wear particle analysis from failed SB Charité
III total disc replacements.
IM Punt, RM Baxter, SM Kurtz, PC Willems, MJ Steinbeck, A van Ooij
Background: In a recent study, the presence of ultra-high molecular weight polyethylene
(UHMWPE) wear particles and periprosthetic inflammatory reactions around retrieved total
disc replacements (TDRs) was shown. The study was limited by the use of light microscopy
with the inability to quantify submicron-sized UHMWPE particles. Submicron-sized particles
are frequently observed in retrieved total hip and knee periprosthetic tissues and appear to be
critical in the activation of the phagocytic inflammatory response.
Purpose: To quantify and determine the number and shape of submicron UHMWPE wear
particles in periprosthetic tissues from retrieved TDR using scanning electron microscopy
(SEM).
Patient sample: Periprosthetic fibrous tissue was obtained from revision surgery of 6 revised
SB Charité III TDRs. Revision was performed after 9 years (range 6-12 years) due to
persistent back and leg pain. The tissue samples were compared with tissue from 5 revised
metal-on-UHMWPE total hip arthroplasties (THA). Revision was performed after 14 years
(range 11-16 years) due to wear and/or osteolysis.
Outcome measurements: Tissue concentration, size and shape of submicron UHMWPE
wear particles.
Methods: SEM (FEI XL30) was used to determine the concentration, size and shape of the
UHMWPE particles between 50–1000 nanometer (nm) in size. To determine particle number,
equivalent circle diameter (ECD, 2*sqrt(area/pi)) and aspect ratio (AR, major axis
length/minor axis length), images were analyzed using a customized particle analysis macro
in NIH ImageJ.
Results: The mean concentration of UHMWPE particles were 3.5 x 10^9/gram of tissue
(range 2.8-5.2) and 4.4 x 10^9/gram of tissue (2.2-6.5) for TDR and THA, respectively (not
significant, p=0.5). For both TDR and THA the highest frequency of submicron particle size
(ECD) was between 50-200 nm, and the most frequent particle shape distribution (AR) was
between 1.2-1.6. In general, the particle size distribution (Fig. 1) and the particle shape
distribution (Fig. 2) were not significantly different. The only significant difference in particle
characteristics isolated from TDR and THA tissues was an increased number of particles with
an AR >5.0 in THA tissues (p=0.02).
Conclusion: This is the first study to show the presence of submicron-sized UHMWPE
particles in spinal periprosthetic tissue after TDR revision surgery. Despite differences in
loading and kinematics between spine and hip, TDR UHMWPE wear particle concentration,
size and shape were similar to wear isolated from THA tissues. In THA tissues, submicronsized UHMWPE particles have been shown to be critical in influencing the phagocytic
inflammatory response, which contributes to the development of pain and osteolysis.

Figure 1

Figure 2
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Ehlers-Danlos arthochalasia type – expanding the
phenotype from prenatal life through adulthood
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The Ehlers-Danlos syndromes (EDS) are a clinically and genetically heterogeneous group of inherited connective
tissue disorders characterized by joint hypermobility, tissue fragility and skin abnormalities. Six subtypes have been
well characterized. The arthrochalasia subtype is difficult to diagnose in the neonatal period. Because of mild
dysmorphic features and significant muscular hypotonia this type of EDS shows overlap with other hypermobility
syndromes (in particular Larsen syndrome), but may also direct the physician towards various neuromuscular
disorders. We describe 6 patients that were diagnosed at different ages.

Patient 1, diagnosed at age 1 month. Micrognathia, hypertelorism, joint hyperlaxity
with bilateral hip dislocation, velvety skin, criss-cross patterning palms and soles.
COL1A2 mutation.

Patient 2, diagnosed at day 1. Micrognathia, hypertelorism, joint
hyperlaxity with bilateral hip dislocation, velvety skin, criss-cross
patterning palms and soles. COL1A2 mutation.

Patient 3, diagnosed at day 1. Mild micrognathia, hypertelorism, joint hyperlaxity with
bilateral hip dislocation, velvety skin, criss-cross patterning palms and soles.
COL1A2 mutation.

Patients 5-7, mother (diagnosed age 23) and two affected daughters
(diagnosed age 2 and prenatally). Similar features as other patients. All
display dentinogenesis imperfecta. Mutation COL1A1

Key to the diagnosis of arthrochalasia type EDS is the combination of micrognathia, criss-cross patterning of palms
and soles and extreme joint hypermobility with congenital bilateral hip dislocation.
Mutations were identified in COL1A1 and COL1A2. It is believed that mutations in COL1A1 lead to a more severe
phenotype than COL1A2 mutations. However, according to this series of patients, the phenotype seems to be similar
in both groups. Surgical procedures of only the joint capsule, in an attempt to stabilize joints, are rarely succesful.
Conclusion: Arthrochalasia type EDS is a rare, but recongnizable connective tissue disease. The clinical features
become less severe with increasing age. Awareness of this syndrome may decrease the delay in diagnosing this
syndrome, which eventually will benefit mobility of these patients and will prevent unnecessary surgical procedures.

The authors would like to thank the patients and their parents for their cooperation to our study.

Less lateral releases with computer navigation in total knee arthroplasty.
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Background
The benefit of lateral retinacular release ( LRR ) for patellofemoral
maltracking in total knee arthroplasty (TKA) has been established.
However, performing a LRR could disrupt the blood supply to the
patella possibly leading to complications like patellar fracture,
osteonecrosis and wound healing problems. Recently computer
navigation in TKA has provided the surgeon with more information
about knee kinematics, component alignment, ligament balancing
and cut surfaces. This allows for more accurate placement of the
components and it has recently been shown to result in better
patellar tracking.1,2 Since component position is associated with
LRR, the question arises whether navigation reduces the amount
of LRR.
The purpose of this study was to investigate whether the use of
computer navigation, when compared to conventional TKA, leads
to a reduction in the incidence of lateral retinaculum releases.

Figure 2: Peroperative view of femoral rotation as shown by the navigation system.
Vertical line illustrates the whiteside line and the horizontal line illustrates the
epicondylar line.
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Figure 1:Scorpio PS (left) and Nexgen (right) total knee prosthesis.

Methods
Patients
• Retrospective review primary TKA January 2004 - February 2007
• 368 patients (392 primary TKA) available for analysis
• Scorpio PS (Stryker) or Nexgen PS (Zimmer)
• 261 conventional method and 131 computer navigated
Surgical technique
• Goal: achieve neutral mechanical leg axis
• Tourniquet use in all but 13 cases
• Patella resurfacing in almost every case.
• Femoral component rotation set 3-5 degrees of external rotation
relative to the posterior condylar line of the femur and can
thus be expected to be parallel to the transepicondylar line.3
• Verified intra-operatively using the surgical transepicondylar line
and the AP-axis (Whiteside’s Line).4
• Patellar tracking assessed with “rule of no thumb” Scott et al. 5
• LRR was only performed when the patella tended to subluxate or
dislocate without the counteracting force of the thumb.
• Outcome measurements:
- Lateral Retinacular Release incidence
- Mechanical axis alignment
-Systematic data analysis for confounding parameters on
LRR occurence
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Figure 3: LRR rates (%) according to mechanical leg axis, expressed in increasing
valgus deformity, and operating technique. There is an overall lower incidence of LRR
in the navigation group compared to conventional TKA.

Results
19 LRR were done in 392 knees (4.8%). 15 (5.7%) occurred in the
conventional group (n=261), and 4 (3.1%) in the navigation group
(n=131). This was not a significant difference (p=0.32).
In knees with a mechanical leg axis of 10 degrees valgus or less
(n=357) 16 of the total of 19 LRR’s were performed of which 15 in
the conventional group (6.2%) and 1 in the navigation group (0.9%).
This difference was significant (p=0.026 using Fisher exact test)
The confounding influence of some patient characteristics was
tested. Age and preoperative leg axis greater than 10 degrees
effected the probability of a LRR (p=0.018 and P=0.009 using binary
logistic regression).
Discussion
This study demonstrated a six-fold reduction in LRR rates for the
navigation group compared to conventional TKA in knees with a preoperative leg deformity of 10 degrees valgus or less (varus knees
included).
References
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Table 1: Wire breakage during cut-through experiments

Introduction
Idiopathic scoliosis is a complex 3D spinal deformity, which is most often
seen in young patients. In general, curvatures larger than 50 degrees need
surgical correction. Currently rods, hooks, pedicle screws and metal
sublaminar wires are implemented for spinal fixation. A few drawbacks

Titanium

Number of
Mean force at
broken wires breakage (N)
4
895

Dyneema Purity® 1

1325

have been identified:
• Growth of the spine impossible after surgery
• Damage to surrounding tissues
• Loss of rotational correction over time
To decrease the risk of damage and to allow growth of young patients after
surgery we evaluated Dyneema Purity®, a biocompatible medical grade
ultra high molecular weight polyethylene fiber. In this study mechanical
experiments were performed to assess the strength of constructions made
with Dyneema Purity® and

to

analyze

the

degree

in

which

these

sublaminar wires and titanium wires (control) cut into human vertebrae.

Figure 3: Mean cut-through force (Newton) and standard deviation for four

Methods
Four fresh frozen human thoraco-lumbar spines

Dyneema Purity® braid round

were used. DEXA- and CT-scans were performed.
Five different sublaminar wires were tested (Figure

different sublaminar wires made with Dyneema Purity® and for titanium
wire in human cadaveric laminae.

Dyneema Purity® woven 3mm

1). The thinnest side of the lamina of each
vertebra was selected since we are interested in
the minimum cut-through force of each type of

Dyneema Purity® woven 5mm

Our results show that Dyneema Purity® has the same cut-through force

wire. The cut-through force is defined as the force
at which the sublaminar wire cuts through the first

Dyneema Purity® braid 5mm

and cuts into the lamina similarly as titanium wires. An explanation for the
big range in results can be the rather limited group size. Another

cortical layer of the lamina. All vertebrae were
embedded in plastic in prone position after which

Conclusion

explanation is the big difference in cut-through forces between cadavers,

Titanium wire

they were clamped in a materials testing machine.

Figure 1

which correlated closely to the DEXA results. For future mechanical

A sublaminar wire was looped around the lamina

experiments we aim to use a more standardized model to increase

and attached to the movable part of the machine

reproducibility.

(Figure 2). The wire was pulled upwards at a

Dyneema Purity® was easy to handle and experienced as a soft material.

speed of 10 mm/min until failure of either the

These properties may reduce the risk for neural damage in case of

lamina or the wire. Forces were recorded during

sublaminar wire failure during scoliosis treatment and the risk of injury of

the experiments.

the

surgeon

during

the

procedure.

Most

importantly,

due

to

the

smoothness of the material, it has great potential in allowing patient
growth after scoliosis surgery, as it will slide along the titanium rods (in

Figure 1: The five different sublaminar wires used

contrast to metal cables).

in this study.

Constructions made with Dyneema Purity® are expected to be a worthy
substitute for titanium cables for fixating vertebrae in scoliosis surgery with

Figure 2: Test set-up for cut-through experiments

the potential to allow growth of adolescent patients after surgery.

of human cadaveric laminae.
Figure 2
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DEXA-scans showed that the bone quality ranged from normal to highly
osteoporotic. Cut-through forces for constructions made with Dyneema
Purity® measured up to those for titanium cable. The woven construction
with a width of 3 mm showed the highest mean cut-through force,
however, this was not significant (Figure 3). In several experiments, the
wire broke before cutting through the lamina (Table 1). Tests of the
sublaminar wires without vertebrae showed substantial higher forces to
break constructions made with Dyneema Purity® than titanium cable. The
mean laminar cut-through force between the four separate cadavers,
regardless of type of wire, varied from 280 to 825 Newton.
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Decreased chondrocyte hypertrophic differentiation by inhibition of cyclooxygenase-2
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INTRODUCTION:
Chondrocyte hypertrophic differentiation is an essential
process during endochondral bone formation, however it hampers the
application of many cartilage regenerative techniques and may play a
role at the onset of osteoarthritis (1). Heterotopic bone formation after
orthopaedic surgery is suppressed by non-steroidal anti-inflammatory
drugs (NSAIDs) and recent studies point to an essential role of
Cyclooxygenase-2 (COX-2) in osteocytes during endochondral
ossification (2). COX-2 and its metabolite PGE2 are thought to regulate
the function of bone morphogenic protein-2 (BMP-2) and vice versa,
which might provide an explanation for the role of COX-2 during
endochondral ossification (3).
It is largely unknown how and in which phase NSAIDs affect
endochondral bone formation. In this study, we aim to determine the
involvement of COX-2 in chondrocyte hypertrophy and provide an
explanation for the suppressive effect of NSAIDs on heterotopic
ossification and fracture healing.
.

chondrocyte hypertrophy during endochondral bone formation via a yet
unknown mechanism. Ongoing research focuses on a potential
molecular pathway by which COX-2 might regulate chondrocyte
hypertrophy. Insight into the molecular mechanism is essential to
understand the effect of NSAIDs on fracture healing. In addition, our
data may provide a novel strategy to improve the outcome of cartilage
regenerative medicine by decreasing the level of unwanted chondrocyte
hypertrophy.

METHODS:
To study the role of COX-2 during endochondral ossification,
ATDC5 cells were differentiated in the chondrogenic lineage (4) in the
presence of BMP-2 for 14 days. The NSAIDs indomethacin (COX1/COX-2 inhibitor) or NS398 (COX-2 specific inhibitor) were used to
inhibit COX-activity. Expression analysis was performed by RT-qPCR
and western blot (Collagen II, Collagen X, RunX2, COX-2, BMP-2).
Growth curves were obtained from increasing indomethacin- and
NS398-concentrations. Cell numbers were determined by X-violet
staining. Rabbit periosteal grafts were differentiated for 3 weeks in an
agarose sandwich (5) in the presence of BMP-2 (30 ng/ml) and
indomethacin (2 µM) or NS398 (2 µM). Differentiated grafts were
harvested for RT-qPCR and (immuno-)histological analysis. PGE2
production in medium was measured using a specific ELISA.

RESULTS:
Hypertrophic differentiation of ATDC5 cells was obvious
from day 14. Chondrogenesis was accompanied by upregulation of
COX-2 and addition of BMP2 (30 ng/ml) lead to increased upregulation
of COX-2 expression and PGE2 in the media. Accordingly, expression
of Collagen X was also significantly upregulated. COX-2 activity was
completely inhibited by indomethacin or NS398. Surprisingly, specific
inhibition of COX-2 by NS398 did not affect Collagen II expression
whereas expression of RunX2 and Collagen X was significantly
decreased in a concentration dependent way. COX-inhibition by
indomethacin showed similar results, however had inhibitory effects on
Collagen II expression at higher concentrations. Expression of BMP2
decreased upon increasing NSAID concentrations, confirming a
functional connection between COX-2 and BMP2. To determine
whether COX-inhibition specifically affects differentiation, the
proliferation rate of ATDC5 cells under proliferating and differentiating
conditions was determined. No significant effect on proliferation was
detected. Chondrocyte hypertrophy of rabbit periosteal grafts was
dependent on BMP2. This BMP2-mediated chondrocyte hypertrophy
was suppressed by COX-inhibition as determined by ELISA, RT-qPCR
and histological analysis, confirming our findings in ATDC5 cells (Fig
1).

DISCUSSION:
Our data show that COX-2 is upregulated during
chondrogenesis and BMP2 induces chondrocyte hypertrophy and COX2 expression, suggesting a functional connection. Using two independent
systems we were able to show that inhibition of COX-activity decreases

Figure 1: Decreased chondrocyte hypertrophic differentiation.
A: Rabbit periosteum was differentiated to hypertrophic cartilage in ex vivo
cultures in the presence of 30 ng/ml BMP2. Indomethacin (2 µM) or NS398 (2
µM) were used to inhibit Cyclooxygenase-activity. Tissue sections (5 µm) were
stained with Saffarin-O/fast green (Magnification 200x) B: The expression of
Collagen type II and Collagen type X mRNAs was determined in the different
cultures conditions by RT-qPCR. C: PGE2-levels in the culture supernatants were
determined by ELISA. These data clearly show that BMP2-induced hypertrophic
differentiation is accompanied with typical chondrocyte morphology, Collagen
type X expression and secretion of PGE2. Inhibition of PGE2-synthesis by
Indomethacin or NS398 resulted in the absence of hypertrophic morphology and
reduced upregulation of Collagen type X, while Collagen type II expression
remained stable. The bars indicate the mean values of three independent
experiments and the bars the variety between the data..
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Table 2: Prognostic accuracy of the index tests of included studies.

Background

Results

Chronic low back pain (CLBP) imposes huge costs to society, either
directly by healthcare consumption, or indirectly (more than 90%) by lost
productivity because of work absenteeism and early retirement. If
conservative measures fail, lumbar spinal fusion may be indicated.
However, the results of fusion are highly variable and unpredictable.
Therefore, it would be of great value if subgroups with a better outcome
after fusion could be identified.
For patient selection in daily practice, surgeons commonly use tests to
predict the outcome of fusion. Considering that false-positive test results
will lead to unnecessary invasive and expensive surgery with potential
complications, whereas false-negative test results will withhold
adequate treatment from CLBP patients who may benefit from fusion, it
is essential to know the validity of these prognostic tests.

The search yielded 763 articles. After screening
title andnetworks
abstract,
Figure 3: by
Small-world
are and
by a graph
a topology
after reference check of eligible studies, modeled
10 studies
werewith
included
for in
this
which most connections are local (cluster
review.
coefficient:
and any
two nodes
canthe
be
Not one study reporting on facet joint blocks
or C)MRI
could
satisfy
reached through a small number of steps
inclusion criteria. Three papers concerned
immobilization by means of a
(path length: L)
pantaloon cast or TLSO. Four papers reported on discography, and four
papers evaluated trial-immobilization by TETF. The sample sizes of the
included studies varied from 22 to 162. Three studies included more than
100 patients. Only 2 studies reported solely on patients without previous
spine surgery. The length of follow-up ranged from 6 months or “when
fusion was noted” to 12 years. Either anterior or posterolateral fusion
was performed. In those studies in which both procedures were
performed, no difference in outcome between the two types of fusion
was reported.

Objective
To perform a systematic review on the prognostic accuracy of MRI,
provocative discography, facet joint blocks, immobilization by an orthosis
(TLSO), and temporary external fixation (TETF) to predict the clinical
outcome of lumbar fusion for CLBP. In addition, the risk of bias of the
selected studies was appraised.

Prognostic accuracy
In all but two studies, the true positive rate of the index test was virtually
equal to its false positive rate (i.e., 1 – specificity) or even lower, which
means that the test is unable to discriminate between patients with a
positive and those with a negative outcome. In two studies the index test
showed minimal positive likelihood ratios (LRs) and confidence intervals
(CIs) to determine successful outcome of fusion (Table 2). These were
provocative discography (sensitivity, 0.88; specificity, 0.48; LR, 1.71;
95% CI, 1.21-2.41) and temporary external fixation (sensitivity, 0.93;
specificity, 0.47; LR, 1.74; 95% CI, 1.07-2.83). However, these tests did
not prove useful in other included studies. Cast immobilization did not
appear to be an accurate test.

Test

Study

Methods
Data sources
Relevant studies identified through PubMed (1966-May 2010),
EMBASE (1980-May 2010) and bibliographies of known primary and
review articles, according to the guidelines by Devillé et al.[1].
Study selection
- Studies that compared prognostic tests results with the outcome of
lumbar spinal fusion as reference standard, were included.
- Pain should have been incorporated as measure of outcome.
- Studies should contain both positively and negatively tested patients,
because in this way, test qualifiers such as sensitivity, specificity,
positive predictive value, negative predictive value, and likelihood ratios
could be calculated.
- Clinical outcome should be presented per individual patient in such a
way that a relevant clinical improvement cut-off could be defined for
analysis. [2]
- Studies should include at least 20 patients.
- Study populations should consist of adult patients aged above16
years.
- Only studies in English, German, French or Dutch were considered.
Study populations with objective neurologic motor deficit, fracture,
infection, ankylosing spondylitis, neoplasm or deformity were excluded.
Data extraction
Data were extracted on study population, prognostic tests, and clinical
outcome of fusion. Methodological quality (patient spectrum,
verification, blinding, and replication) was assessed with the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS) checklist [3],
modified for prognostic studies (Table 1).

References
[1] Devillé WL et al. BMC Med Res Methodol. 2002; 2:9
[2] Ostelo RW et al. Spine. 2008; 33:90
[3] Whiting P et al. BMC Med Res Methodol. 2003; 3:25

Sensitivity

Thoracolumbosacral orthosis (TLSO)
Orthosis
Axelsson
50
0.66
(1995)
25
0.94
Pantaloon Cast
Rask
(1993)
Pantaloon Cast
Willems
107
0.43
(2006)
Provocative discography (PD)
Colhoun
258
0.88
PD suspect
level(s)
(1988)
PD suspect
Esses
21
0.40
level(s)
(1989)
Discographic
Gill
53
0.59
image
(1991)
0.73
PD adjacent
Willems
82
level(s)
(2007)
Temporary external transpedicular fixation (TETF)
TETF with
Esses
23
placebo trial
(1989)*
123
TETF with
Elmans
0.8
placebo trial
(2005)
36
TETFwithout
Heini
0.81
placebo trial
(2003)
TETF with
Jeanneret 43
0.93
placebo trial
(1994)

Specificity

Positive
predictive
value

Negative
predictive
value

Likelihood
ratio +
(95% CI)

Likelihood
ratio –
(95% CI)

0.35

0.64

0.32

0.14

0.74

0.5

0.61

0.41

0.60

0.94 (0.60 to
1.46)
1.10 (0.79 to
1.52)
1.12 (0.70 to
1.77)

1.11 (0.59 to
2.1)
0.39 (0.01 to
14.0)
0.93 (0.70 to
1.22)

0.48

0.88

0.44

0.33

0.60

0.40

0.19

0.26

0.5

0.27

0.45

0.55

1.71 (1.21 to
2.41)
0.60 (0.26 to
1.39)
0.73 (0.48 to
1.12)
0.99 (0.76 to
1.29)

0.24 (0.14 to
0.40)
1.8 (0.62 to
5.23)
2.11 (0.96 to
4.7)
1.01 (0.52 to
1.93)

0.44

-

1.00

-

-

0.34

0.46

0.71

0.2

0.45

0.57

0.47

0.77

0.78

1.22 (0.98 to
1.51)
1.02 (0.73 to
1.40)
1.74 (1.07 to
2.83)

0.58 (0.32 to
1.07)
0.94 (0.22 to
3.85)
0.15 (0.03 to
0.68)

*Due to an empty cell not all parameters could be calculated

Table 3:Final scores per included study for the 12 items of the Quadas Tool
modified for prognostic accuracy.
Study ID

Patients

Clearly

Outcomes

Adequate

All patients

Index test

Clear cut-

Successful

Outcome

Interpretation

Uninter-

With-

spectrum

described

assessed

length of

fused

well

off point

outcome by

assessed

index test as

pretable

drawals

representative

selection

by validated

follow-up

regardless

described

positive –

clinically

without

in practice

test

explained

criteria

measures

of index test

negative

relevant

knowledge

results

result

index test

effect sizes

index test

reported

Thoracolumbosacral orthosis
Axelsson

+

-

-

+

+

+

+

+

?

+

?

?

+

+

-

-

-

+

-

-

+

+

-

+

-

+

+

+

-

+

-

+

+

+

-

+

+

?

-

+

+

+

-

-

?

+

?

?

+

-

-

-

-

-

?

-

-

+

-

?

-

-

?

+

+

?

+

-

-

?

?

+

-

+

+

+

-

+

?

+

+

-

-

+

(1995)
Rask

Risk of bias
The present results should be interpreted cautiously because of poor
overall methodological quality (Table 3). Three of the 11 included studies
met 8 or more of the 12 modified QUADAS criteria and were considered
to be at an acceptable level of methodological quality. The most
prevalent shortcomings were: uninterpretable index test results not
reported (n=10), not all patients who were tested underwent fusion
regardless of the index test result, i.e., verification bias (n=8), and no
clear cut-off point defined for positive and negative index test results
(n=8). Five studies used a validated VAS to score pain. The other studies
used either subjective pain relief or a self defined 5-point pain scale.

Sample
size

(1993)
Willems
(2006)
Provocative discography
Colhoun
(1988)
Esses
(1989)
Gill
(1991)
Willems
(2007)
Temporary external transpedicular fixation
Elmans

+

-

+

+

-

+

+

+

+

?

?

+

+

-

-

-

-

+

-

-

-

+

-

?

+

+

+

+

-

+

-

-

-

+

+

+

+

?

-

+

-

+

-

-

-

+

-

?

(2005)
Esses
(1989)
Heini
(2004)
Jeanneret
(1994)

Table 1: QUADAS modified for prognostic accuracy: Criteria list to assess methodological
quality of the selected studies (Y=yes, N=no, ?=unclear)
1. Was the spectrum of patients representative of the patients who
will receive the index test in practice?
2. Were selection criteria clearly described?
3. Were the outcomes used to assess recovery collected by means
of standardized methods of acceptable quality?
4. Was a sufficiently long follow-up period (2 years or more) used to
asses the outcome of the spinal fusion operation?
5. Did all patients receive spinal fusion followed by the outcome
assessment (i.e., the reference standard) regardless of the index
test result?
6. Was the execution of the index test described in sufficient detail
in order to permit replication of the test?
7. Was a clear cut-off point used to qualify positive versus negative
results of the index test?
8. Did the effect sizes that were used to consider patients as being
recovered (i.e., the reference standard) meet accepted standards of
clinical relevance, i.e., a minimal important change (MIC) of 30% or
more for pain and/or disability?
9. Were the clinical outcomes after fusion assessed without
knowledge of the results of the index test?
10. Were the same clinical data available when index test results
were interpreted as would be available when the test is used in
practice?
11. Were uninterpretable results of the index test reported?
12. Were withdrawals from the study explained?
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T +31 43 3877037
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Y/N/?

Discussion
If we aim to improve the performance of existing techniques in clinical
practice by proper patient selection, better designed prognostic studies
with larger patient numbers, which compare positive and negative index
test results with successful or poor outcome should be conducted.
These prognostic studies should be planned on the basis of a research
proposal with a clear description of participants, blinding of assessment
and independent interpretation of test results.
The lack of scientifically proven accuracy of the presented prognostic
tests is reflected in the current high degree of clinical uncertainty and
variability in surgical decision making for CLBP among spine surgeons.
At present, there are no reliable tools for the clinician to identify a
subgroup of patients who have better fusion results than programmed
conservative treatment. This implies that in most clinical practices CLBP
patients are scheduled for fusion on the basis of tests of which the
accuracy is zero or at best unknown. This raises the question whether
we should continue to propagate spinal fusion as a standard treatment
for CLBP.

Conclusion
Results of spinal fusion for CLBP remain unpredictable. Best evidence
does not support the value of any commonly used prognostic test for
patient selection in daily practice.

CAPHRI Research School
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6200 MD Maastricht, the Netherlands

High tonicity improves chondrogenic marker
expression through NFAT5
A.E. van der Windt1, E. Haak1, R.H.J. Das1, T.J.M. Welting2, M.M. Caron2, J.A.N. Verhaar1, H. Weinans1, H. Jahr1
1,2: Dept. of Orthopaedics, 1.Erasmus MC, University Medical Center, Rotterdam, 2. Maastricht University Medical Center, Maastricht; The Netherlands

INTRODUCTION

RESULTS

Due to the high fixed negative charge density
of
the
cartilaginous
extracellular
matrix,
chondrocytes in vivo experience a hypertonic
environment (380 mOsm)1 compared to plasma
(280 mOsm). Standard isolation deprives
chondrocytes of this matrix, exposing them to nonphysiological conditions. During in vitro expansion,
chondrocytes quickly lose their specialized
phenotype, making them inappropriate for cellbased regenerative strategies.

Increased medium tonicity (380 mOsm) during isolation and expansion of OA chondrocytes
significantly increased mRNA levels of aggrecan and SOX9 (data not shown), but also that of collagen
type II (COL2, Fig. 1A) at each passage. In contrast, collagen type I expression was down-regulated by
hypertonicity, resulting in significantly improved COL2:COL1 ratios during expansion (Fig 1B), from 7fold in P0 cells to 100-fold in P3 cells. Hypertonicity not only up-regulated COL2 mRNA, but also COL2
protein levels (Fig. 1C), while it decreased COL1 protein levels (Fig. 1D)

100

* **

**

C

RNAi: P1 cells from 2 donors were transduced
(MOI ≈ 1) with lentiviral vectors expressing an U6driven pre-validated anti-NFAT5 shRNA (SIGMAMission library) or a corresponding control and coexpressing a PGK-driven eGFP. Cells were FACSsorted for the fluorescent marker to ensure
population purity. Transduced and non-transduced
cells were cultured in control medium for 5 days
prior to medium switch to 380 mOsm and analyzed
by QPCR after 24 hours.
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Fig. 1 Relative COL2 (A) mRNA
levels in P0, P1, P2, P3 OA
chondrocytes
next
to
the
expression ratio of COL2 and
COL1 (B). COL2 (C) and COL1 (D)
protein expression in P0 OA
chondrocytes,
quantified
by
densitometry and normalized to αtubulin. n=6 patients (QPCR), n=2
patients (Western Blot) *p<0.05,
**p<0.01 and ***p<0.001 as
compared to 280.
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Increasing medium tonicity (380 mOsm) during isolation and expansion of OA chondrocytes also
significantly increased mRNA levels of NFAT5 (Fig. 2A) and of the established NFAT5 targets S100A4
(Fig. 2B) and SLC6A12 (Fig. 2C).
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Fig. 2 Relative mRNA expression of NFAT5 (A) and its target genes S100A4 (B) and SLC6A12 (C) in OA
chondrocytes. n=6 patients *p<0.05, **p<0.01 and ***p<0.001 as compared to 280.

Transduction of primary OA chondrocytes with NFAT5-specific shRNA significantly decreased its
expression by >75% as compared to the control (Fig. 3A). NFAT5 gene-knockdown significantly
down-regulated expression of NFAT5 targets (Fig. 3A). More importantly, it inhibited hypertonicityinduced AGC1, SOX9 and COL2 expression (Fig. 3B), while COL1 expression increased (Fig. 3B)
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P3

280 mOsm

150

Analyses: mRNA (QPCR (normalized to an index
of reference genes) and protein (Western Blot)
levels were analyzed.
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Culture: Isolated chondrocytes were expanded in
monolayer (7,500 cells/cm2) and kept in either
control or hypertonic medium throughout all
experiments. Differentiated cells (passage 0: P0)
and dedifferentiated cells after 1, 2 and 3
passages (P1, P2 and P3) were seeded in
monolayer (20,000 cells/cm2) in triplicate and
cultured for 5 days.

***

0.1

METHODS
Harvest: Adult human articular chondrocytes were
harvested from full thickness cartilage of 6 patients
undergoing total knee replacement surgery for
osteoarthritis (OA), MEC2004-332. Isolation of
chondrocytes was performed by overnight
digestion in control (280 mOsm) or hypertonic (380
mOsm) medium.
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10

10
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1. Optimizing culture conditions for cartilage tissue
engineering by isolating and expanding human
articular chondrocytes in culture medium of
physiological tonicity.
2. Investigating the role of NFAT5 in this
hypertonic response.

COL2:COL1

280 mOsm
380 mOsm

P0

AIMS

B

COL2

normalized expression

The tonicity enhancer binding protein
TonEBP/NFAT5 is a key transcription factor
participating in the adaptative response to tonic
stress in other mammalian cells: NFAT5 activation
by hypertonic stress induces e.g. aquaporins2,
osmolyte transporters (SLC6A12)3, or S100A44.

A

**

control
NFAT5 shRNA

300
200
100

*
**

**

0

AGC1

SOX9

COL2

COL1

Fig. 3 Relative mRNA levels of NFAT5 and its target genes (A) and levels of chondrogenic markers (B) in P1
chondrocytes transduced with NFAT5 shRNA or control virus and cultured at 380 mOsm. n=2 patients *p<0.05 and
**p<0.01 compared to control 380.

CONCLUSIONS
Physiological tonicity provides a simple, yet effective, means to improve phenotypical
characteristics during cytokine-free isolation and in vitro expansion of human articular
chondrocytes. Our findings will lead to the development of improved cell-based repair
strategies for chondral lesions.
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 6.

SYMPOSIA

De afdeling Orthopaedie van het academisch ziekenhuis Maastricht heeft op 29 januari 2010
een symposium over scoliose georganiseerd voor iedereen uit de 1e lijn die beroepshalve
betrokken is bij de diagnostiek en behandeling van scoliose.

