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Background and purpose — A 2-stage revision is the most 
common treatment for late deep prosthesis-related infections and 
in all cases of septic loosening. However, there is no consensus 
about the optimal interval between the 2 stages.

Patients and methods — We retrospectively studied 120 deep 
infections of total hip (n = 95) and knee (n = 25) prostheses that 
had occurred over a period of 25 years. The mean follow-up time 
was 5 (2–20) years. All infections had been treated with extrac-
tion, 1 or more debridements with systemic antibiotics, and 
implantation of gentamicin-PMMA beads. There had been differ-
ent time intervals between extraction and reimplantation: median 
14 (11–47) days for short-term treatment with uninterrupted hos-
pital stay, and 7 (3–22) months for long-term treatment with tem-
porary discharge. We analyzed the outcome regarding resolution 
of the infection and clinical results. 

Results — 88% (105/120) of the infections healed, with no dif-
ference in healing rate between short- and long-term treatment. 
82 prostheses were reimplanted. In the most recent decade, 
we treated patients more often with a long-term treatment but 
reduced the length of time between the extraction and the reim-
plantation. More reimplantations were performed in long-term 
treatments than in short-term treatments, despite more having 
difficult-to-treat infections with worse soft-tissue condition. 

Interpretation — Patient, wound, and infection consider-
ations resulted in an individualized treatment with different 
intervals between stages. The 2-stage revision treatment in 
combination with local gentamicin-PMMA beads gave good 
results even with difficult prosthesis infections  and gentamicin-
resistant bacteria.



The incidence of prosthetic joint infection is 1–2%, and it may 
be increasing. It is difficult to ascertain what the “true” inci-

dence is, since arthroplasty registries appear to miss one-third 
of the infections, and complex linkages with other databases 
are necessary to obtain reliable data  (Witsø 2015).

Successful eradication of deep prosthesis infection has been 
reported using 1-stage and 2-stage revision, with comparable 
infection-free rates of approximately 90% (Lange et al. 2012, 
Leonard et al. 2014, Puhto et al. 2014). Even so, in most coun-
tries the preferred treatment for infection-related prosthesis 
loosening and late infections is a 2-stage revision: repeated 
debridements and antibiotic treatment for a prolonged period 
are possible before reimplantation or other reconstruction is 
performed. Stepwise decisions can be made for a particular 
patient and infection during treatment. There is, however, no 
evidence in the literature concerning the optimal length of 
time between extraction of the prosthesis and reimplantation 
(Zimmerli et al. 2004, Puhto et al. 2014).

At our institution, early and delayed deep prosthetic infec-
tions (joint age < 2 years) are preferentially treated in situ with 
retention of the prosthesis if there is no loosening. The results 
in 90 patients have been published (Geurts et al. 2013). We 
treat the remaining cases (where extraction of the infected 
prostheses is indicated) with a 2-stage revision and use local 
antibiotic carriers in the form of gentamicin-PMMA beads. 
During the course of the present study, some changes in the 
treatment protocol were introduced, but the cornerstone of the 
treatment remained unchanged: the use of a local antibiotic 
carrier in the form of gentamicin beads to give a high local 
antibiotic concentration in exudate and tissues (Walenkamp 
et al. 1986).

The main goal of this study was to determine the results of 
treatment of the infection of prostheses with a 2-stage revision 
using gentamicin-PMMA beads, with either a short interval 
or a long interval between the first-stage operation and the 
second-stage operation. 
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Abstract
AIM
To summarize the current knowledge on vascular 
complications and deep venous thrombosis (DVT) pro-
phylaxis after anterior cruciate ligament (ACL) recon-
struction.

METHODS
A systematic review was conducted according to the 
Preferred Reporting Items for Systematic reviews and 
Meta-Analyses statement. MEDLINE, EMBASE, Cochrane, 
Web of Science, CINAHL, PubMed publisher, and Google 
scholar medical literature databases were searched up to 
November 10, 2015. Any arthroscopic surgical method 
of primary or revision intra-articular ACL reconstruction 
of all graft types in humans was included. A risk of bias 
assessment was determined. 

RESULTS
Fourty-seven studies were included in the review. 
Pseudaneurysms were the most frequently reported 
arterial complication after ACL reconstruction, irre-
spective of graft type or method of graft fixation with 
an incidence of 0.3%. The time to diagnosis of arterial 
complications after ACL reconstruction varied from days 
to mostly weeks but even years. After ACL reconstruction 
without thromboprophylaxis, the incidence of DVT was 
9.7%, of which 2.1% was symptomatic. The incidence 
of pulmonary embolism was 0.1%. Tourniquet time 
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Assessment of Decisional Conflict about the Treatment of 
Trigger Finger, Comparing Patients and Physicians

Abstract

Background: As an early step in the development of a decision aid for idiopathic trigger finger (TF) we were interested 
in the level of decisional conflict experienced by patients and hand surgeons. This study tested the null hypothesis 
that there is no difference in decisional conflict between patients with one or more idiopathic trigger fingers and hand 
surgeons. Secondary analyses address the differences between patients and surgeons regarding the influence of the 
DCS-subcategories on the level of decisional conflict, as well as the influence of patient and physician demographics, the 
level of self-efficacy, and satisfaction with care on decisional conflict. 

Methods: One hundred and five hand surgeon-members of the Science of Variation Group (SOVG) and 84 patients with 
idiopathic TF completed the survey regarding the Decisional Conflict Scale. Patients also filled out the Pain Self-efficacy 
Questionnaire (PSEQ) and the Patient Doctor Relationship Questionnaire (PDRQ-9). 

Results: On average, patients had decisional conflict comparable to physicians, but by specific category patients felt less 
informed and supported than physicians.  The only factors associated with greater decisional conflict was the relationship 
between the patient and doctor.  

Conclusions: There is a low, but measurable level of decisional conflict among patients and surgeons regarding idiopathic 
trigger finger. Studies testing the ability of decision aids to reduce decisional conflict and improve patient empowerment 
and satisfaction with care are merited. 

Keywords: Assessment of Needs, Decisional Conflict Scale, Shared decision making, Trigger Finger

Introduction

Shared decision making is the process of caregivers 
and patients deliberating about diagnostic and 
treatment options. Physicians inform patients 

about the advantages and disadvantages of diagnostic 
and treatment options. Decisional conflict—uneasiness 
about the decision one faces--can arise from uncertainty 
about or dissatisfaction with the various options. 
Decisional conflict can affect patient empowerment, 
compliance, and treatment outcome (1-3). 

Effective transmission of information about diagnostic 
and treatment options from caregiver to patient 
decreases decisional conflict and increases confidence 
in and satisfaction with choices (4-8). Decision aids are 
pamphlets, videos, websites or other material intended 

to provide patients balanced, complete, understandable 
information about their options in order to help them 
determine their preferences according to their values.
Identification of factors that affect decisional conflict 
is felt to be an important step in the development of 
decision aids (9-11). Decisional conflict is accurately and 
reliably measured using the Decisional Conflict Scale 
(DCS) (6, 11).

This study tested the null hypothesis that there is 
no difference in decisional conflict between patients 
with one or more idiopathic trigger fingers and hand 
surgeons. Secondary analyses addressed the differences 
between patients and surgeons regarding the influence 
of the DCS-subcategories on the level of decisional 
conflict, as well as the influence of patient and physician 
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In this study, we investigated the potential of celecoxib-loaded polyester amide (PEA) microspheres as an auto-
regulating drug delivery system for the treatment of pain associatedwith knee osteoarthritis (OA). Celecoxib re-
lease fromPEAmicrospheres and inflammation responsive release of a smallmolecule fromPEAwas investigated
in vitro. Inflammation responsive release of a small molecule from PEA was observed when PEA was exposed to
cell lysates obtained from a neutrophil-like Hl-60 cell line. Following a short initial burst release of ~15% of the
total drug load in the first days, celecoxib was slowly released throughout a period of N80 days. To investigate
biocompatibility and degradation behavior in vivo, celecoxib-loaded PEA microspheres were injected in OA-in-
duced (ACLT+ pMMx) or contralateral healthy knee joints of male Lewis rats. Bioactivity of celecoxib from load-
ed PEA microspheres was confirmed by PGE2 measurements in total rat knee homogenates. Intra-articular
biocompatibility was demonstrated histologically, where no cartilage damage or synovial thickening and necro-
sis were observed after intra-articular injections with PEA microspheres. Degradation of PEA microspheres was
significantly higher inOA induced knees compared to contralateral healthy knee joints, while loading the PEAmi-
crospheres with celecoxib significantly inhibited degradation, indicating a drug delivery systemwith auto regu-
latory behavior. In conclusion, this study suggests the potential of celecoxib-loaded PEAmicrospheres to be used
as a safe drug delivery systemwith auto regulatory behavior for treatment of pain associatedwith OAof the knee.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Osteoarthritis (OA) is themost common form of arthritis and consti-
tutes a largemedical healthcare economic burdenworldwide, leading to
pain and physical disability [1]. Systemic treatment with non-steroidal
anti-inflammatory drugs (NSAIDs) has shown to provide effective
pain relief in patients with knee OA, but its systemic use is associated
with gastro-intestinal and cardiac adverse effects [2,3]. This limits its
potential use in a chronic disease such as OA, where long term treat-
ment is required. Therefore, an intra-articular drug delivery system
(DDS) is necessary, which circumvents side effects associated with sys-
temic treatment and allows prolonged local drug residence time [4]. Be-
cause OA is a chronic disease characterized by a variation in
inflammation intensity [4] an attractive therapeutic approach would
be intra-articular injection with a DDS which is inflammation-

responsive. Loading an inflammation-responsive DDS with an anti-in-
flammatory drug may result in an auto regulatory DDS: the level of in-
flammation will impact degradation of the DDS and drug release,
quenching inflammation, decreasing degradation and thus dosing the
release.

Importantly, a DDSwhich can be used as an intra-articular treatment
for OA should present a set of properties [5]. Firstly, the DDS should be
responsive to the osteoarthritic disease process and able to slowly re-
lease a drug throughout time. Secondly, the DDS should be biocompat-
ible and able to safely degrade in a knee joint. Finally, drug release from
the DDS would be desired to slow the rate of its own release.

A candidate for such a DDS with auto regulatory behavior is a poly-
ester amide (PEA) based injectable microsphere formulation. PEA poly-
mers are based on α-amino acids, aliphatic dicarboxylic acids, and
aliphaticα-ω diols [6]. The presence of amino acids in PEAmakes it sus-
ceptible to enzymatic degradation byproteolytic enzymes. Several stud-
ies have reported this mechanism of degradation of PEA by enzymes
such asα-chymotrypsin, elastase, papain and protease K, which are en-
zymes belonging to the serine protease family [7–11]. Since serine
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Osteomyelitis is a common occurrence in orthopaedic surgery, which is caused by different bacteria. Treatment of osteomyelitis
patients aims to eradicate infection by debridement surgery and local and systemic antibiotic therapy. Local treatment increases
success rates and can be performedwith different antimicrobial bone graft substitutes.This review is performed to assess the level of
evidence of synthetic bone graft substitutes in osteomyelitis treatment. According to the PRISMA statement for reporting systematic
reviews, different types of clinical studies concerning treatment of osteomyelitis with bone graft substitutes are included. These
studies are assessed on their methodological quality as level of evidence and bias and their clinical outcomes as eradication of
infection. In the fifteen included studies, the levels of evidence were weak and in ten out of the fifteen studies there was a moderate
to high risk of bias.However, first results of the eradication of infection in these studies showed promising results with their relatively
high success rates and low complication rates. Due to the low levels of evidence and high risks of bias of the included studies, these
results are inconclusive and no conclusions regarding the performed clinical studies of osteomyelitis treatment with antimicrobial
bone graft substitutes can be drawn.

1. Introduction

1.1. Background. Osteomyelitis is an infection of bone or bone
marrowwith a concomitant inflammation involving the bone
marrow and the surrounding tissues. These infections can
originate from many different mechanisms [1]. In the many
years that passed since the first reported osteomyelitis, the
knowledge about these infections increased significantly [2].
Nowadays, we know that a common cause of osteomyelitis is
a bacterial infection, for instance, the infection with Staphy-
lococcus aureus after surgical intervention. Osteomyelitis is
a major complication in orthopaedic surgery and is usually
associated with open fracture surgery, bone reconstruction
surgery, or orthopaedic implants [1]. Despite the numer-
ous cases of osteomyelitis in orthopaedic surgery there is
no precise epidemiological data available, but in literature

the incidence of osteomyelitis ranges from 1% in primary hip
replacement up to 55% in treatment of type III open fractures
[3–6]. Appropriate treatment of patients with osteomyelitis
is necessary because osteomyelitis can become chronic or is
associated with delayed union or nonunion of fractures or
failure of prosthesis implantation. In more severe untreated
osteomyelitis bone sequestration, sinus formations or sepsis
can cause disabling or life threatening complications [7].

In osteomyelitis treatment, eradication of the bacterial
infection is essential. Acute osteomyelitis is often treated
with systemic antibiotic administration, where chronic
osteomyelitis treatment often requires surgical debride-
ment in combination with local and systemic admin-
istration of broad-spectrum antibiotics like vancomycin,
ciprofloxacin, and gentamicin [1]. Systemic administra-
tion of these antibiotics causes systemic side effects and
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Stress shielding remains a concern in total hip arthroplasty. The consequences of stress shielding in hydroxyap-
atite-coated femoral component revisions were evaluated in a prospective cohort study. A total of 106 patients
operated on by revision total hip arthroplasty were identified. Sixty-three patients were eligible for clinical and
radiologic assessment of osseointegration, bone remodeling, and stress shielding. Five patients showed evidence
of excessive stress shielding. One patient experienced a periprosthetic fracture. No adverse events occurred in the
remaining patients with a low rate of thigh pain and reliable osseointegration. This is the only available study
concerning mid- to long-term consequences of excessive stress shielding in hydroxyapatite-coated revision
stems. We advocate surgeons using these stems to remain vigilant and be aware of possible stress shielding
side effects.

© 2016 Elsevier Inc. All rights reserved.

Failure of total hip arthroplasty (THA) continues to present a signif-
icant clinical challenge. The number of revision hip arthroplasties per-
formed each year has increased exponentially over the last half
century, and these increases have been sustained over the first 5 years
of the new millennium: numbers are between 4% and 26% worldwide
for revision hip surgery [1]. Kurtz et al [2] constructed amodel to predict
the future rate of revision THA in the United States from 2005 to 2030.
They projected a 137% increase in 2030. As the revision burden in-
creases, achieving reliable and durable fixation between the implant
and host bone presents a challenge.

Femoral component loosening is a common mechanical failure and
is of great concern in the orthopedic literature. Stress shielding is a me-
chanical cause of bone loss [3]. This phenomenon is caused because the
natural stress distribution through the femur is altered. The implantwill
carry a portion of the load and distribute some of the load to the
midshaft region of the femur. This causes a reduction of stress in some
areas of the remaining bone, primarily in the proximal metaphyseal

region. If bone experiences little or no stress, there will be a loss of
bone mass in that region. This is known as bone resorption and can
cause the prosthesis to loosen from the bone. Potential adverse effects
of stress shielding may be stem, bone, or interface failure or deficient
bone stock when a (re)-revision is required. Clinical and animal exper-
imental studies have revealed factors influencing stress shielding,
which include stem stiffness, stem shape, stem coating extent, fit be-
tween stem and bone, bone quality, and patient weight [3,4]. Cemented
and proximally porous-coated femoral revision stems have demonstrat-
ed disappointing clinical results to date [5-11]. An alternative in femoral
revisions to bypass the problem of stress shielding is the use of fully hy-
droxyapatite (HA)–coated femoral stems. Such stems show favorable
resultswithmechanical failure rates of 1% to 6.9% as compared to higher
failure rates using cement revision arthroplasty with similar length of
clinical follow-up (FU) [12-17].

Hydroxyapatite coating has been shown to promote osteoconduction
in both primary and revision cases [18,19]. As a result of these biologic
properties, it is feasible that the requirement for augmentary
bone could be reduced or eliminated in many if not most cases. Studies
using radiostereometric analysis showed reduced migration of
HA-coated prosthetic components and better radiographic results and
survival rates with HA-coated stems when compared with identical
press-fit components [20]. Although the preliminary results of fully
HA-coated femoral stems show promising clinical results, concerns
over stress shielding still exist. There is paucity of evidence for the mid-
to long-term clinical performance of fully HA-coated femoral revision
implants. We present our institutional results for the mid- to long-term
outcome of the Restoration HA femoral revision stem (Stryker, Mahwah,
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RESEARCH ARTICLE Open Access

Computer-assisted total knee arthroplasty
using mini midvastus or medial
parapatellar approach technique
A prospective, randomized, international multicentre trial
Peter Feczko1*, Lutz Engelmann2, Jacobus J. Arts1 and David Campbell3

Abstract

Background: Despite the growing evidence in the literature there is still a lack of consensus regarding the use of
minimally invasive surgical technique (MIS) in total knee arthroplasty (TKA).

Methods: A prospective, randomized, international multicentre trial including 69 patients was performed to
compare computer-assisted TKA (CAS-TKA) using either mini-midvastus (MIS group) or standard medial parapatellar
approach (conventional group).
Patients from 3 centers (Maastricht, Zwickau, Adelaide) with end-stage osteoarthritis of the knee were randomized
to either an MIS group with dedicated instrumentation or a conventional group to receive cruciate retaining
CAS-TKA without patella resurfacing. The primary outcome was to compare post operative pain and range of motion
(ROM). The secondary outcome was to measure the duration of surgery, blood loss, chair rise test, quadriceps strength,
anterior knee pain, Knee Society Score (KSS),WOMAC scores, mechanical leg axis and component alignment.

Results: Patients in the MIS group (3.97 ± 2.16) had significant more pain at 2 weeks than patients in the conventional
group (2.77 ± 1.43) p = 0.003. There was no significant difference in any of the other primary outcome parameters.
Surgery time was significantly longer (p < 0.001) and there were significantly higher blood loss (p = 0.002) in the MIS
group as compared to the conventional group. The difference of the mean mechanical leg alignment between the
groups was not statistically significant (–0.43° (95 % CI –1.50 – 0.64); p = 0.43).
There was no significant difference of component alignment between the two surgical groups with respect to flexion/
extension (p = 0.269), varus/valgus (p = 0.653) or rotational alignment (p = 0.485) of the femur component and varus
valgus alignment (p = 0.778) or posterior slope (p = 0.164) of the tibial component.

Conclusion: There was no advantage of the MIS approach compared to a conventional approach CAS-TKA in any of
the primary outcome measurements assessed, however the MIS approach was associated with longer surgical time
and greater blood loss. MIS-TKA in combination with computer navigation is safe in terms of implant positioning.

Trial registration number: ClinicalTrials.gov NCT02625311 8 December 2015

Keywords: Total knee arthroplasty, Navigation, Minimally invasive surgery, Blood loss, Accuracy
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Abstract

Purpose To determine the content of current Dutch

expert hospital physiotherapy practice for patients under-

going lumbar spinal fusion (LSF), to gain insight into

expert-based clinical practice.

Methods At each hospital where LSF is performed, one

expert physiotherapist received an e-mailed questionnaire,

about pre- and postoperative physiotherapy and discharge

after LSF. The level of uniformity in goals and interven-

tions was graded on a scale from no uniformity (50–60 %)

to very strong uniformity (91–100 %).

Results LSF was performed at 34 of the 67 contacted

hospitals. From those 34 hospitals, 28 (82 %) expert

physiotherapists completed the survey. Twenty-one percent

of the respondents saw patients preoperatively, generally to

provide information. Stated postoperative goals and

administered interventions focused mainly on performing

transfers safely and keeping the patient informed. Outcome

measures were scarcely used. There was no uniformity

regarding advice on the activities of daily living.

Conclusion Dutch perioperative expert physiotherapy for

patients undergoing LSF is variable and lacks structural

outcome assessment. Studies evaluating the effectiveness

of best-practice physiotherapy are warranted.

Keywords Physical therapy modalities � Rehabilitation �
Health surveys

Introduction

In the past decades surgical interventions, especially lum-

bar spinal fusion (LSF), have gained popularity [1]. In the

United States the number of LSFs increased between 1998

and 2007 by 237 % (from 174,223 to 413,171 procedures)

[2]. LSF is a procedure in which two or more vertebrae are

fixated to restrict painful spinal motion.

Regaining function after LSF is very important for the

patient. Clinical rehabilitation, in particular physiotherapy,

may be an important factor in regaining functional inde-

pendence. There is little knowledge on the optimal phys-

iotherapy practice in patients undergoing LSF. In a

systematic review of the literature, Rushton et al. [3]

demonstrated that studies on the effectiveness of physio-

therapy after LSF are of low quality and too heterogeneous

to pool. Consequently, physiotherapists have to depend on
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INTRODUCTION
Osteoarthritis of the knee (knee OA) is 
a common disease with a relatively high 
prevalence and incidence among older 
patients in the general population.1 
Symptomatic knee OA varies greatly in 
affected individuals and many patients 
encounter the disabling effect of pain.1,2 
Consequently, GPs have high consultation 
rates for OA-related symptoms and 
see a large variability in the evolution of 
the condition.3 As a result, they need to 
differentiate patients for whom a ‘wait-and-
see’ policy seems justifiable from those for 
whom proactive management is necessary.

Many criteria have been developed to 
assess knee OA severity using clinical and 
radiographic features or magnetic resonance 
imaging (MRI) techniques to define disease 
progression.4–6 Numerous studies have 
determined risk factors for incident and 
radiographic progression of knee OA, but 
previous reviews have shown that only few 
studies have used symptomatic knee OA 
progression as an outcome measure.7,8

Discordance remains in the apparent 
correlation between stages of knee OA 
assessed by clinical and radiographic criteria 
and pain severity. This seems to imply that 
there are differences in risk factors for 
(radiographic) disease progression and 
pain progression in knee OA. Although 
the exact aetiology remains unclear, pain 

due to knee OA is known to fluctuate and 
multiple assessments of pain over time 
could give a better indication of pain than a 
single assessment.9,10 This course of pain, 
or pain trajectory, could be a more accurate 
or more relevant representation of clinical 
disease progression. 

The ability to predict pain trajectories in 
an early stage of disease could help GPs 
and patients successfully to manage knee 
OA in a primary care setting. As such, this 
study aimed to:

• define distinct knee pain trajectories in 
individuals with early symptomatic knee 
OA; and 

• determine patient or disease
characteristics associated with these
pain trajectories. 

METHOD
Study design and population
The data for the current study were acquired 
from the Cohort Hip and Cohort Knee 
(CHECK) study.11 CHECK is a prospective, 
10-year follow-up cohort of 1002
participants with early symptomatic OA of 
the knee and/or hip in the Netherlands. 
Its inclusion period ran from October 2002 
until September 2005. Inclusion criteria for 
the CHECK study were: 

• pain and/or stiffness of the knee and/or hip;
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Abstract
Background 
GPs have high consultation rates for symptoms 
related to knee osteoarthritis (OA). Many risk 
factors for symptomatic knee OA progression 
remain unknown.

Aim
To define distinct knee pain trajectories in 
individuals with early symptomatic knee OA 
and determine the risk factors for these pain 
trajectories.

Design and setting
Data were obtained from the multicentre 
prospective Cohort Hip and Cohort Knee study 
in the Netherlands. Participants with knee OA, 
according to the clinical criteria of the American 
College of Rheumatology, and a completed 
5-year follow-up were included.

Method
Baseline demographic, anamnestic, and 
physical examination characteristics were 
assessed. Outcome was annually assessed 
by the Numeric Rating Scale for pain. Pain 
trajectories were retrieved by latent class 
growth analysis. Multinomial logistic regression 
was used to calculate relative risk ratios.

Results
In total, 705 participants were included. Six 
distinct pain trajectories were identified 
with favourable and unfavourable courses. 
Statistically significant differences were found in 
baseline characteristics, including body mass 
index (BMI), symptom severity, and pain coping 
strategies between the different trajectories. 
Higher BMI, lower level of education, greater 
comorbidity, higher activity limitation scores, 
and joint space tenderness were more often 
associated with trajectories characterised 
by more pain at first presentation and pain 
progression — compared with the reference 
group with a mild pain trajectory. No association 
was found for baseline radiographic features.

Conclusion
These results can help differentiate those 
patients who require more specific monitoring 
in the management of early symptomatic knee 
OA from those for whom a ‘wait-and-see’ policy 
seems justifiable. Radiography provided no 
additional benefit over clinical diagnosis of early 
symptomatic knee OA in general practice.

Keywords
disease progression; knee osteoarthritis; knee 
pain; pain trajectories; primary health care.
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Abstract BACKGROUND CONTEXT: The amount of vertebral rotation in the axial plane is of key im-
portance in the prognosis and treatment of adolescent idiopathic scoliosis (AIS). Current methods
to determine vertebral rotation are either designed for use in analogue plain radiographs and not useful
in digital images, or lack measurement precision and are therefore less suitable for the follow-up of
rotation in AIS patients.
PURPOSE: This study aimed to develop a digital X-ray software tool with high measurement pre-
cision to determine vertebral rotation in AIS, and to assess its (concurrent) validity and reliability.
STUDY DESIGN/SETTING: In this study a combination of basic science and reliability meth-
odology applied in both laboratory and clinical settings was used.
METHODS: Software was developed using the algorithm of the Perdriolle torsion meter for ana-
logue AP plain radiographs of the spine. Software was then assessed for (1) concurrent validity and
(2) intra- and interobserver reliability. Plain radiographs of both human cadaver vertebrae and out-
patient AIS patients were used. Concurrent validity was measured by two independent observers,
both experienced in the assessment of plain radiographs. Reliability-measurements were performed
by three independent spine surgeons.
RESULTS: Pearson correlation of the software compared with the analogue Perdriolle torsion meter
for mid-thoracic vertebrae was 0.98, for low-thoracic vertebrae 0.97 and for lumbar vertebrae 0.97.
Measurement exactness of the software was within 5° in 62% of cases and within 10° in 97% of
cases. Intraclass correlation coefficient (ICC) for inter-observer reliability was 0.92 (0.91–0.95), ICC
for intra-observer reliability was 0.96 (0.94–0.97).
CONCLUSIONS: We developed a digital X-ray software tool to determine vertebral rotation in
AIS with a substantial concurrent validity and reliability, which may be useful for the follow-up of
vertebral rotation in AIS patients. © 2015 Elsevier Inc. All rights reserved.

Keywords: Prognosis; Radiology; Reliability; Scoliosis; Software; Vertebral rotation
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& Abstract

Objectives: When conservative therapies such as pain med-

ication or exercise therapy fail, invasive treatment may be

indicated for patients with lumbosacral spinal pain. The

Dutch Society of Anesthesiologists, in collaboration with the

Dutch Orthopedic Association and the Dutch Neurosurgical

Society, has taken the initiative to develop the guideline

“Spinal low back pain,” which describes the evidence

regarding diagnostics and invasive treatment of the most

common spinal low back pain syndromes, that is, facet joint

pain, sacroiliac joint pain, coccygodynia, pain originating

from the intervertebral disk, and failed back surgery syn-

drome.

Methods: The aim of the guideline is to determine which

invasive treatment intervention is preferred for each

included pain syndrome when conservative treatment has

failed. Diagnostic studies were evaluated using the EBRO

criteria, and studies on therapies were evaluated with the

Grading of Recommendations Assessment, Development and

Evaluation system. For the evaluation of invasive treatment

options, the guideline committee decided that the outcome

measures of pain, function, and quality of life were most

important.

Results: The definition, epidemiology, pathophysiological

mechanism, diagnostics, and recommendations for invasive

therapy for each of the spinal back pain syndromes are

reported.

Discussion: The guideline committee concluded that the

categorization of low back pain into merely specific or

nonspecific gives insufficient insight into the low back pain

problem and does not adequately reflect which therapy is

effective for the underlying disorder of a pain syndrome.

Based on the guideline “Spinal low back pain,” facet joint

pain, pain of the sacroiliac joint, and disk pain will be part of

a planned nationwide cost-effectiveness study. &

Key Words: low back pain, mechanical, dorsal root, epi-

dural, evidence-based medicine, facet joint, multidisciplinary

pain centers, radiofrequency ablation, spinal cord stimula-

tion, guidelines

INTRODUCTION

Low back pain is a widespread problem with major

social and economic impact. About 85% to 90% of the

patients with low back pain suffer from what is (until

now) described as “nonspecific” low back pain; this is
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Abstract

The aim of this retrospective study was to assess the early outcomes of trapeziometacarpal osteoarthritis treatment using Pyrocardan1 implants
in patients with early Eaton (stage I and II) osteoarthritis. We analyzed the results of 27 patients, with a median age of 59 years (range, 34–78 years)
and a mean follow-up of 24 months (range, 12–41). The level of satisfaction was assessed using a postoperative questionnaire. Twenty patients
mentioned having improvements in their activities of daily living, 20 patients were satisfied with the outcomes of surgery, and 19 patients would
consider undergoing the procedure a second time. Five patients needed reoperation for complications, including persistent pain, grinding, or
implant dislocation. Pyrocardan1 implants may be a valuable temporary therapy as more conventional arthroplasty techniques are still feasible in
case of failure. However, multicenter randomized controlled trials with a longer follow-up are needed to assess the long-term outcomes.
# 2016 SFCM. Published by Elsevier Masson SAS. All rights reserved.

Keywords: Trapeziometacarpal osteoarthritis; Pyrocarbon; Arthroplasty; Pyrocardan1 implant

Résumé

Le but de cette étude rétrospective était d’évaluer les résultats précoces du traitement de l’arthrose trapézo-métacarpienne par l’implant
Pyrocardan1 chez des patients opérés à des stades précoces selon Eaton (stades I et II). Nous avons analysé le résultat de 27 patients d’âge moyen
59 ans (34–78 ans), avec un recul moyen de 24 mois (12–41). Le niveau de satisfaction a été apprécié en utilisant un questionnaire postopératoire.
Vingt patients mentionnaient l’amélioration de leurs activités quotidiennes, 20 patients étaient satisfaits des résultats de la chirurgie, et 19 patients
accepteraient de se faire opérer selon les mêmes modalités une seconde fois. Cinq patients ont nécessité une réintervention pour des complications,
incluant des douleurs persistantes, des grincements ou une luxation de l’implant. L’implant Pyrocardan1 pourrait constituer un traitement d’attente
valable, les arthroplasties plus conventionnelles restant disponible en cas d’échec. Cependant, des études multicentriques randomisées contrôlées
avec un recul plus long sont nécessaires pour appréhender les résultats à long terme.
# 2016 SFCM. Publié par Elsevier Masson SAS. Tous droits réservés.

Mots clés : Rhizarthrose ; Pyrocarbone ; Arthroplastie ; Implant Pyrocardan1

1. Introduction

Trapeziometacarpal (TMC) joint osteoarthritis is very
common, affecting up to 50% of postmenopausal women
[1]. Many treatment modalities exist but none so far have
proven to be superior. The main goals of treatment are to
decrease pain, increase strength, and improve day-to-day
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Effect of a Cast on Short-Term Reproducibility and
Bone Parameters Obtained from HR-pQCT
Measurements at the Distal End of the Radius

Joost J.A. de Jong, MSc, Jacobus J. Arts, MSc, PhD, Ursina Meyer, MSc, PhD, Paul C. Willems, MD, PhD,
Piet P. Geusens, MD, PhD, Joop P.W. van den Bergh, MD, PhD, and Bert van Rietbergen, MSc, PhD

Investigation performed at the Faculty of Biomedical Engineering, Eindhoven University of Technology, Eindhoven, the Netherlands

Background: High-resolution peripheral quantitative computed tomography (HR-pQCT) is a promising tool to assess the
fracture-healing process at the microscale in vivo. Since casts are often used during fracture treatment, they might affect the
assessment of bone density, microarchitectural, and biomechanical parameters and the short-term reproducibility of those
parameters, e.g., as a result of beam-hardening. The aim of this study was to assess the effect of a plaster-of-Paris and/or
fiberglass cast on bone parameters and on the short-term reproducibility of the HR-pQCTmeasurements of those parameters.

Methods: The effects of a cast on HR-pQCT-derived bone parameters were evaluated by comparing HR-pQCT scans of
fifteen human cadaveric distal radial specimens from onemale and fourteen female donors (median age, eighty-four years
[range, sixty-two to ninety years] at the time of death) in three conditions: with a plaster-of-Paris cast, with a fiberglass cast,
or without a cast. Short-term reproducibility was assessed using duplicate scans of the distal end of the radius in sixteen
healthy volunteers without a fracture (nine men and seven women with amedian age of twenty-six years; range, twenty-two
to thirty-nine years) while wearing and not wearing a fiberglass cast.

Results: Compared with measurements made with no cast, the plaster-of-Paris cast introduced a systematic error in the
bone parameters ranging from 22.6% in trabecular separation to 29.8% in cortical thickness. Bone parameters were
affected only marginally by fiberglass, with errors between 20.6% and 21.6% in trabecular separation and cortical
thickness, respectively. Short-term reproducibility with a fiberglass cast was similar to that with no cast: approximately 1%
for bone density parameters, 4% to 5% for microarchitectural parameters, and 3% to 4% for biomechanical parameters.

Conclusions: A plaster-of-Paris cast has a considerable effect on HR-pQCT measurements. A fiberglass cast only mar-
ginally affects the bone parameters, and the short-term reproducibility of HR-pQCT measurements in patients with a
fiberglass cast is comparable with that in patients without a cast. In studies on fracture-healing using HR-pQCT, a fiberglass
cast is desirable if immobilization is indicated. The use of a plaster-of-Paris cast should be avoided if possible; however, if not
avoidable, corrections after the scan are desirable to adjust for the error introduced in the bone parameters.

Level of Evidence: Diagnostic Level III. See Instructions for Authors for a complete description of levels of evidence.

D
istal radial fractures are among themost common types
of fractures. Women are particularly vulnerable, with a
lifetime risk of a distal radial fracture reported to range

between 13% and 21% at fifty years of age1. In closed, non-
displaced, or reduced stable fractures, cast immobilization is the
most common treatment2. At routine follow-up of five to six
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influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the
online version of the article.
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STUDY PROTOCOL Open Access

Effect of aqua-cycling on pain and physical
functioning compared with usual care in
patients with knee osteoarthritis: study
protocol of a randomised controlled trial
Stefanie Rewald1*, Ilse Mesters1, A. F. Lenssen2, Pieter J. Emans3, Wiel Wijnen3 and Rob A. de Bie1

Abstract

Background: Over the last decade aquatic exercise has become more and more popular. One of the latest trends
is aqua-cycling, where participants sit on a water-resistant stationary bike and, while immersed chest deep in the
water, combine continuous cycling with upper body exercises that utilise water resistance. Since stationary cycling
and aquatic exercises are frequently recommended to patients with knee osteoarthritis, combining both would
seem an obvious step, and an aqua-cycling exercise programme for patients with knee osteoarthritis has indeed
been developed. This study protocol gives a detailed description of the exercise programme and the methodology
of a study to compare this programme with treatment involving usual care only.

Methods: The study is a single-blind, parallel-group, randomised controlled trial of Maastricht University Medical Centre+,
the Netherlands. Inclusion criteria: knee pain of four to seven on a 10-point pain rating scale; a Kellgren/Lawrence score
between one to three; ability to cycle; good mental health; sufficient language skills; indication for physical therapy in
conjunction with impairments due to OA. Exclusion criteria: any contra-indication for aquatic exercise; planned total knee
replacement; corticosteroid injection <3 months and/or hyaluronic acid injection <6 months; severe joint complaints
(other than knee joint); symptomatic and radiological apparent hip OA; inflammatory joint diseases; inability to safely
enter and exit the pool; fear of water. Participants will receive two 45-min moderate intense aqua-cycling sessions weekly
over a period of 12 weeks in addition to usual care or usual care only. Usual care consists of an individual intervention
plan comprising lifestyle recommendations, medication routine and referral to a physical therapist. Participants will be
assessed at baseline, and at 12 and 24 weeks after baseline. The primary outcome is self-reported knee pain and
physical functioning. Secondary outcomes are lower limb muscle strength, functional capacity, self-reported
disease severity, physical activity level, quality of life, self-efficacy and fear of movement. Daily diaries will collect
information on knee pain, physical functioning, level of physical activity, pain medication routine and physical
therapy (control group only) or exercise participation over two 30-day periods (during the intervention period).

Discussion: To our knowledge the present study is the first randomised controlled trial evaluating the effects of
aqua-cycling in the pre-surgical stage of knee osteoarthritis. This trial will demonstrate if the newly designed
aqua-cycling intervention, in supplement to usual care, can help to improve impairments due to knee
osteoarthritis.

Trial registration: Netherlands Trial Register NTR3766 (21-12-2012).

Keywords: Osteoarthritis, Aquatic exercise, Aqua-cycling, Immersed cycling, Underwater cycle ergometer
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Effectiveness of a Multidisciplinary Clinical
Pathway for Elderly Patients With Hip
Fracture: A Multicenter Comparative
Cohort Study

P. H. S. Kalmet, MD1, B. B. Koc, MD2, B. Hemmes, PhD1, R. H. M. ten Broeke, MD, PhD3,
G. Dekkers, MD4, P. Hustinx, MD, PhD5, M. G. Schotanus, MSc2, P. Tilman, MD2,
H. M. J. Janzing, MD, PhD6, J. M. A. Verkeyn, MD7, P. R. G. Brink, MD, PhD1,
and M. Poeze, MD, PhD, MSc1

Abstract
Introduction: The use of a multidisciplinary clinical pathway (MCP) for patients with hip fracture tends to be more effective than
usual care (UC). The aim of this study was to evaluate the effects of an MCP approach on time to surgery, length of stay,
postoperative complications, and 30-day mortality, compared to UC. Materials and Methods: This multicenter retrospective
cohort study included patients aged 50 years or older with a proximal hip fracture who underwent surgery in one of the
6 hospitals in the Limburg trauma region of the Netherlands in 2012. Data such as demographics, process outcome measures, and
clinical outcome were collected. Results: This study included a total of 1193 patients (665 and 528 patients in the MCP and UC
groups, respectively). There were no differences in patient demographics present. Time to surgery was significantly shorter in the
MCP compared to the UC group (19.2 vs 24.4 hours, P < .01). The mean length of stay was 10 versus 12 days (P < .01). In the MCP
group, significantly lower rates of postoperative complications were observed and significantly more patients were institutio-
nalized than in the UC group. Mortality within 30 days after admission was comparable between the groups (overall mortality 6%).
Conclusion: An MCP approach is associated with reduced time to surgery, postoperative complications, and length of stay,
without a significant difference in 30-day mortality. The institutionalization rate was significantly higher in the MCP group.

Keywords
hip fracture, multidisciplinary clinical pathway, time to surgery, length of stay, mortality

Introduction

Hip fracture is a common cause of hospital admission in the

elderly patients. The incidence of hip fractures in the Nether-

lands was 20 000 in 2010 and is expected to increase to 24 000

in 2020.1 Elderly hip fracture patients frequently present with

comorbidities, which are associated with a high risk of devel-

oping postoperative complications, resulting in long-term

dependency and higher mortality rates.2-5 Since the care for

elderly patients with hip fracture can be complex and challen-

ging, it is important to optimize medical care in order to mini-

mize adverse outcomes. Multidisciplinary clinical pathways

(MCPs) have been developed to optimize medical care in var-

ious patient groups.6-12 De Bleser et al13 and Leigheb et al14

defined MCP as a method for managing a well-defined group

of patients during a well-defined period of time, with manage-

ment consisting of a multidisciplinary team, and stating the

goals and key elements of care based on evidence-based med-

icine guidelines. Using an MCP for patients with hip fracture
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& Abstract

Study Design: Prospective clinical study of intradiscal methy-

leneblue injection for the treatmentof lumbardiscogenic pain.

Objective: The objective of this study was to collect informa-

tion about efficacy, safety, and acceptability of the interven-

tion, gain and burden of outcome measures, and sample size

assumptions for a potential following randomized controlled

trial (RCT). If the pilot study demonstrates that this treatment is

potentially effective and safe, and the methods and procedures

used in this study are feasible, a RCT follows.

Summary of Background Data: Lowbackpain (LBP) is ahighly

commonproblemwitha lifetimeprevalenceofmore than70%.

A substantial part of chronic LBP is attributable to degenerative

changes in the intervertebral disc. A recently published RCT

assessing the treatment intradiscal injection of methylene blue

for chronic discogenic LBP, showed exceptionally good results.

Methods: Patients were selected on clinical criteria, mag-

netic resonance imaging, and a positive provocative disco-

gram. The primary outcome measure was mean pain

reduction at 6 months.

Results: Fifteen consecutive patients with chronic lumbar

discogenic pain enrolled in a multicenter prospective case

series in two interventional pain treatment centers in the

Netherlands. Six months after the intervention, 40% of the

patients claimed at least 30% pain relief. In patients who

responded, physical function improved and medication use

diminished. We observed no procedural complications or

adverse events. Predictors for success were Pfirrmann grading

of 2or less andhigher quality of lifemental component scores.

Conclusions: Our findings of 40% positive respondents, and

no complications, give reason to set up a randomized,

double-blind, placebo-controlled, trial. &
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EGR1 controls divergent cellular responses
of distinctive nucleus pulposus cell types
Guus G. H. van den Akker1,2,5, Don A. M. Surtel1, Andy Cremers1, Martijn F. G. A. Hoes2, Marjolein M. Caron1,
Stephen M. Richardson3, Ricardo Rodrigues-Pinto3,6, Lodewijk W. van Rhijn1, Judith A. Hoyland3,4†,
Tim J. M. Welting1† and Jan Willem Voncken2*†

Abstract

Background: Immediate early genes (IEGs) encode transcription factors which serve as first line response modules
to altered conditions and mediate appropriate cell responses. The immediate early response gene EGR1 is involved
in physiological adaptation of numerous different cell types. We have previously shown a role for EGR1 in
controlling processes supporting chondrogenic differentiation. We recently established a unique set of
phenotypically distinct cell lines from the human nucleus pulposus (NP). Extensive characterization showed that
these NP cellular subtypes represented progenitor-like cell types and more functionally mature cells.

Methods: To further understanding of cellular heterogeneity in the NP, we analyzed the response of these cell
subtypes to anabolic and catabolic factors. Here, we test the hypothesis that physiological responses of distinct NP
cell types are mediated by EGR1 and reflect specification of cell function using an RNA interference-based
experimental approach.

Results: We show that distinct NP cell types rapidly induce EGR1 exposure to either growth factors or inflammatory
cytokines. In addition, we show that mRNA profiles induced in response to anabolic or catabolic conditions are cell
type specific: the more mature NP cell type produced a strong and more specialized transcriptional response to
IL-1β than the NP progenitor cells and aspects of this response were controlled by EGR1.

Conclusions: Our current findings provide important substantiation of differential functionality among NP cellular
subtypes. Additionally, the data shows that early transcriptional programming initiated by EGR1 is essentially
restrained by the cells’ epigenome as it was determined during development and differentiation. These studies
begin to define functional distinctions among cells of the NP and will ultimately contribute to defining functional
phenotypes within the adult intervertebral disc.

Keywords: Intervertebral disc, Nucleus pulposus, Cell line, EGR1, Specific cell responses, IL-1β, Inflammation,
Differentiation

Background
Cell models provide valuable tools to study important as-
pects of cell and tissue biology, including development,
differentiation and physiological adaptation to changes in
the cellular environment. Such micro-environmental
changes include mitogenic or differentiation stimuli, cell-
cell and cell-extracellular matrix (ECM) contacts or

exposure to catabolic factors such as inflammatory cyto-
kines. Despite their close resemblance to cells in their na-
tive tissue environment, primary cell models often have
restricted application due to their limited proliferative
capacity, cellular heterogeneity and poor definition of ap-
propriate culturing conditions. Combined, these factors
will cause any physiological response in primary isolates
to be an average of multiple, potentially different, re-
sponses by a variety of cell types. As such immortal cell
lines provide powerful tools to explore isolated cell biology
under normal and pathological conditions.
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Shoulder disorders are common in the general popu-
lation : they occur in about 25 of every 1000 patients 
per year. A rather large majority are caused by cuff 
disorders. Differentiating between impingement and 
cuff rupture is essential to adequate treatment. Clini-
cal tests have been developed, but their accuracy is 
limited. This study was performed to improve clinical 
accuracy by combining single tests and adding a sub-
acromial injection. We postulated that the empty can 
and drop arm tests would result in higher sensitivity 
and specificity after subacromial injection.
Method : We prospectively assessed 49 patients with 
the empty can and drop arm tests and used ultra-
sound to compare the individual and combined re-
sults.
Results : The ultrasound found six cuff ruptures. 
Specificity improved and sensitivity decreased after 
subacromial injection.
Conclusions : Only specificity improved after sub-
acromial injection. Combining the test results led to 
an increase in both sensitivity and specificity without 
injection.

Keywords : subacromial impingement ; diagnostic 
accuracy study design ; rotator cuff ; empty can test ; 
drop arm test ; sensitivity ; specificity.

INTRODUCTION

Shoulder disorders are frequently encountered in 
general practice : the reported incidence rates of 

new episodes of shoulder disorders in general prac-
tice range from 12 to 25 per 1000 patients per 
year (42). The cumulative incidence of shoulder dis-
orders in the general population in the Netherlands 
has been estimated at 11.2 per 1000 patients per 
year (95% CI 10.1-12.3) (43). Shoulder disorders in-
volve pain in the upper arm and deltoid region ac-
companied by stiffness. Pain and stiffness limit a 
person’s ability to perform normal daily activi-
ties (41).

The majority of patients have a painful arc : pain 
within a specific range (usually between 90 and 
140 degrees) of shoulder abduction. This painful 

No benefits or funds were received in support of this study.
The authors report no conflict of interests. 
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Improved specificity after subacromial injection
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Fracture Repair in the Distal Radius in Postmenopausal
Women: A Follow-Up 2 Years Postfracture Using HRpQCT
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ABSTRACT
Fracture healing is characterized by an intense increase inmodeling and remodeling of bone, which allows removal of the cast after a
stable distal radius fracture within 3 to 5 weeks. However, at that time, bone strength has not recovered yet. We studied the changes
in bone mineral density (BMD), microarchitecture, and bone stiffness after a distal radius fracture during a 2-year follow-up in
comparison to the contralateral side and the association between the 2-year stiffness and baseline BMD,microarchitecture, and early
changes in these parameters. The fractured side of 14 postmenopausal women (mean age 64� 8 years) with a conservatively treated
distal radius fracturewas scanned by high-resolution peripheral quantitative computed tomography (HRpQCT) at 1 to 2, 3 to 4, 6 to 8,
and 12 weeks and 2 years postfracture. The same region contralaterally was scanned as well at the 2-year visit. BMD,
microarchitecture, and stiffness parameters were determined and the fracture side was compared with the contralateral side using a
linear mixed-effect model. Spearman’s correlation was used to correlate the 2-year bone stiffness with baseline BMD,
microarchitecture, and early 3-month changes in these parameters. Two years postfracture, cortical and trabecular thickness and
torsional and bending stiffness were significantly higher at the fractured side compared with the nonfractured side (21%, 55%, 31%,
and 29%, respectively, p < 0.05), whereas BMD was similar. Two-year torsional and bending stiffness correlated significantly with
baseline BMD and cortical perimeter (|rho| � 0.63, p < 0.016) but not with early changes in bone parameters. Using HRpQCT, this
study illustrates that fracture healing is not completed by the time the cast is removed. We showed that from 6 weeks to 2 years
postfracture, large changes occur in BMD, microarchitecture, and biomechanical parameters at the fractured side, which were fully
recovered after 2 years in comparison to the nonfractured contralateral side. Interestingly, higher 2-year torsional and bending
stiffness were associated with lower BMD and higher cortical perimeter at baseline. © 2015 American Society for Bone and Mineral
Research.

KEY WORDS: FRACTURE REPAIR; DISTAL RADIUS; POSTMENOPAUSAL WOMEN; HRpQCT

Introduction

Fracture healing is a complex postnatal regenerative process
that recapitulates many ontological events of embryonic

skeletal development.(1) The results of intense catabolic and
anabolic processes in fracture repair are commonly described
by a four-phase model: initiated by inflammation, soft
and subsequent hard callus formation consolidates the bone
fragments, which is then followed by remodeling of the callus.(2,3)

During the remodeling phase, the structural integrity of the
trabecular region and the cortex are remodeled in order to fully

restore the bone’s biomechanical properties.(3) Whereas the first
three phases are generally completed within 4 to 5 weeks after
fracture,(1) the remodelingphase continues formonths to years.(3)

In clinical practice, the recommended follow-up period for
conservatively treated distal radius fractures is 3 weeks for
nondisplaced fractures and 4 to 5 weeks for displaced
fractures.(4) At that time, immobilization of the wrist is no
longer continued by removal of the cast and, although the
remodeling process has only just started by then, the wrist is not
routinely subjected to follow-up for further clinical evaluation.
The rationale behind this approach is that the fracture is not
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Heterogeneity of Cortical Breaks in Hand Joints of
Patients with Rheumatoid Arthritis and Healthy
Controls Imaged by High-resolution Peripheral
Quantitative Computed Tomography
Andrea Scharmga, Michiel Peters, Astrid van Tubergen, Joop van den Bergh, Cheryl Barnabe,
Stephanie Finzel, Bert van Rietbergen, and Piet Geusens

ABSTRACT. Objective. Conventional radiographs (CR) of the hands are the gold standard for imaging bone
erosions. The presence of bone erosions, reflected by the presence of cortical breaks, is a poor
prognostic factor in patients with rheumatoid arthritis (RA). The availability of high-resolution
peripheral quantitative computed tomography (HR-pQCT) enables detailed investigation of cortical
breaks in rheumatic diseases. The aim of this image review is to show HR-pQCT images of the
spectrum of cortical breaks with and without underlying trabecular bone changes in metacarpopha-
langeal (MCP) joints of healthy controls (HC) and patients with RA, with corresponding images on
CR and magnetic resonance imaging (MRI). 
Methods. Second and third MCP joints of 41 patients (of which 10 were early RA with ≤ 2 years and
24 longstanding RA with ≥ 10 years of disease duration) and 38 HC were imaged by CR, MRI, and
HR-pQCT (XtremeCT1, Scanco Medical AG). Representative images of the spectrum of cortical
breaks were selected. 
Results. Cortical breaks were found in early and longstanding RA, but also in HC. They were hetero-
geneous in size, location, and number per joint, with a variety of surrounding cortical and underlying
trabecular bone characteristics. 
Conclusion. Using HR-pQCT images of MCP joints, heterogeneous cortical breaks with and without
surrounding trabecular bone changes were found, not only in RA but also in HC. The underlying
mechanisms and significance of this spectrum of cortical breaks as found with high 3-D resolution
needs further investigation. (J Rheumatol 2016;43:1914–20; doi:10.3899/jrheum.160646)

Key Indexing Terms: 
RHEUMATOID ARTHRITIS                      BONE                              COMPUTED TOMOGRAPHY
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Bone is one of the critical supporting structures of a normally
functioning joint. In normal conditions, the only well-docu-
mented periarticular cortical breaks are related to the
presence of blood vessels that perforate bone from the

periosteum toward the bone marrow at the epiphyses1. In
rheumatoid arthritis (RA), pathological cortical breaks, i.e.
erosions, can occur in the joints. Complex physical, cellular,
and molecular interactions between bone and the immune
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Indomethacin Induces Differential Effects on In Vitro Endochondral
Ossification Depending on the Chondrocyte’s Differentiation Stage
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ABSTRACT: Heterotopic ossification (HO) is the abnormal formation of bone in soft tissues and is a frequent complication of hip
replacement surgery. Heterotopic ossifications are described to develop via endochondral ossification and standard treatment is
administration of indomethacin. It is currently unknown how indomethacin influences heterotopic ossification on a molecular level;
therefore, we aimed to determine whether indomethacin might influence heterotopic ossification via impairing the chondrogenic phase of
endochondral ossification. Progenitor cell models differentiating in the chondrogenic lineage (ATDC5, primary human bone marrow stem
cells and ex vivo periosteal agarose cultures) were treated with increasing concentrations of indomethacin and a decrease in gene- and
protein expression of chondrogenic and hypertrophic markers (measured by RT-qPCR and immunoblotting) as well as decreased
glycosamino-glycan content (by alcian blue histochemistry) was observed. Even when hypertrophic differentiation was provoked, the
addition of indomethacin resulted in decreased hypertrophic marker expression. Interestingly, when mature chondrocytes were treated
with indomethacin, a clear increase in collagen type 2 expression was observed. Similarly, when ATDC5 cells and bone marrow stem cells
were pre-differentiated to obtain a chondrocyte phenotype and indomethacin was added from this time point onward, low concentrations of
indomethacin also resulted in increased chondrogenic differentiation. Indomethacin induces differential effects on in vitro endochondral
ossification, depending on the chondrocyte’s differentiation stage, with complete inhibition of chondrogenic differentiation as the most
pronounced action. This observation may provide a rational behind the elusive mode of action of indomethacin in the treatment of
heterotopic ossifications. � 2016 Orthopaedic Research Society. Published by Wiley Periodicals, Inc. J Orthop Res

Keywords: endochondral ossification; indomethacin; heterotopic ossification; chondrogenic differentiation

Heterotopic ossification (HO) is the abnormal formation
of mature lamellar bone in non-osseus soft tissues and
was first described by Reidel in 1883, and by Dejerne
and Ceiler in 1918 in patients with trauma from Word
War I.1,2 The causes of HO include traumatic, neuro-
genic, and genetic origins. Most commonly, HO is seen
as a frequent complication of total hip arthroplasty,
where it can result in pain and restrict range of
motion.1,2 In the absence of prophylaxis, the incidence
of heterotopic ossification is reported to be as high as
60–75%.3

The precise pathophysiology of HO is still unclear,
but is believed to be the result of inappropriate
differentiation of progenitor cells influenced by local
and systemic factors.4 Although not completely defi-
nite, there are studies that report that HO originates
by endochondral ossification.5,6 During endochondral
ossification mesenchymal progenitors gradually differ-
entiate into chondrocytes, become mineralized hyper-
trophic chondrocytes which die by apoptosis
(chondrogenic phase) or transdifferentiate into
osteoblasts.7–9 The remaining mineralized extracellu-
lar matrix provides a molecular scaffold for osteoblasts
and osteoclasts to adhere to and remodel, setting the
stage for de novo bone deposition (osteogenic
phase).10–12 Especially, the role of bone morphogenetic
proteins (BMPs) has been studied extensively in

ectopic bone formations as HO. Urist and colleagues
showed that demineralized bone matrix, which natu-
rally contains BMPs, induced ectopic bone formation
when implanted in muscles.13 In addition, BMP-
induced HO in an animal model could be inhibited by
the BMP antagonist Noggin in a dose-dependent
manner14 and mice lacking Noggin show over activity
of the BMPs resulting in exuberant HO formation.15

BMP-2 is reported to induce endochondral and intra-
membranous ossification in vitro and in vivo.16–20

BMPs can regulate Runt-related transcription factor 2
(Runx2) via BMP-activated Smad signaling, inducing
expression of Collagen type X (Col10a1) and alkaline
phosphatase (Alp), thereby playing an important role
in chondrocyte mineralization.21–23 Furthermore,
BMP-2 is also able to directly influence the major
chondrogenic transcription factor Sox9,24 thereby also
influencing early chondrogenic differentiation.

Other factors that are described to influence HO
development are prostaglandins.1,2 Urinary excretion
of Prostaglandin E2 (PGE2) is a recommended indica-
tor of early HO and the PGE2 blocking agent indo-
methacin is highly effective in slowing down HO
formation.25–27 However, it is currently unknown how
indomethacin influences HO formation via endochon-
dral ossification on a molecular level and how BMP-2
influences this process. Therefore, we aimed to define
whether indomethacin influences the early, chondro-
genic, phase of endochondral ossification.

MATERIALS AND METHODS
ATDC5 Cell Culture
ATDC5 were cultured, as described before,28 in prolifera-
tion medium consisting of DMEM/F12 (Dulbecco’s Modified
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Background: Long-leg radiographs (LLR) are often used in orthopaedics to assess limb alignment in patients
undergoing total knee arthroplasty (TKA). However, there are still concerns about the adequacy ofmeasurements
performed on LLR. We assessed the reliability and validity of measurements on LLR using three-dimensional
computed tomography (3D CT)-scan as a gold standard.
Methods: Six different surgeonsmeasured themechanical axis and position of the femoral and tibial components
individually on 24 LLR. Intraclass correlation coefficients (ICC)were calculated to obtain reliability and Bland–Alt-
man plots were constructed to assess agreement between measurements on LLR and measurements on 3D CT-
scan.
Results: ICC agreement for the six observer measurements on LLR was 0.70 for the femoral component and 0.80
for the tibial component.
The mean difference between measurements performed on LLR and 3D CT-scan was 0.3° for the femoral
component and −1.1° for the tibial component. Variation of the difference between LLR and 3D CT-scan for
the femoral componentwas 1.1° and0.9° for the tibial component. 95% of the differences betweenmeasurements
performed on LLR and 3D CT-scanwere between−1.9 and 2.4° (femoral component) and between−2.9 and 0.7
(tibial component).
Conclusion:Measurements on LLR show moderate to good reliability and, when compared to 3D CT-scan, show
good validity.
Clinical trial registration number: institutional review board Atrium-Orbis-Zuyd, number: 11-T-15.
Level of Evidence: Prospective cohort study, Level II.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Standing long-leg radiographs (LLR) are frequently used as an imaging
modality to assess pre-operative and postoperative leg alignment after
total knee arthroplasty (TKA). Literature exists that raises concerns about
the adequacy of measurements on LLR. Both the rontgenographic proce-
dure and the measurer contribute to the variability of measurements on
LLR [1]. Foot rotation has a significant effect on the measured values of
the mechanical axis [2,3] and a combination of flexion and external rota-
tion progressively alters the measured hip–knee–ankle angles [4]. Mea-
surements on LLR have been compared to intraoperative navigation
measurements and studies report no correlation between these two
types of measurements [5,6]. However, difference between radiographic
and navigationmeasurements of lower limb alignment has been reported
to be low if the LLR are obtained in neutral rotation [7].

Most published studies that compare measurements on LLR to a
computed tomography (CT)-scan or intra-operative navigation as gold
standards calculate correlation coefficients [8,9]. This, however, is not
a correct outcome measurement for assessing agreement between
two measuring techniques [10]. It only establishes that there is a con-
nectionbetween the outcomes of both techniques, asmight be expected.
The degree of agreement can better be expressed as precision and
accuracy and calculated with the Bland–Altman method [10,11].

As far asweknow, the agreement between LLR and three-dimensional
(3D) CT-scan (as a gold standard) has not yet been the subject of a study.
Therefore, the aims of this study are twofold. First to assess absolute
reliability of measuring alignment in the frontal plane after TKA on LLR
and second to assess the agreement with measurements performed on
3D CT-scan.

2. Materials and methods

Weprospectively collected data of a cohort of 26 patients. The cohort
consisted of 13women and 13menwith an average age of 66 (range 52
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An 81-year-old female was treated for a pertrochanteric multifragmentary fracture of the proximal femur with a third-generation
Gamma nail. After 3months she presented herself again with acute pain and inability to bear weight on the leg. Radiographs showed
medial migration of the lag screw. She was treated with a total hip arthroplasty, after which she was successfully discharged. In this
case report the possible causes of this late and unusual complication are discussed.

1. Introduction

As the average age of the general population increases so does
the incidence of hip fractures [1]. Approximately half of the
hip fractures are extra capsular [2], in which fixation with a
dynamic hip screw or intramedullary fixation becomes the
most favorable treatment [3]. Treatment with a Gamma nail
is therefore a frequently used method in trauma surgery.

Despite being the most favorable treatment, complica-
tions do occur [4]. In our case we describe the rare complica-
tion of medial migration of the lag screw, three months after
implantation of the Gamma nail.

2. Case Presentation

An 81-year-old woman was presented in the emergency
department (ED) after falling on her left hip. She complained
from severe pain in the left hip and inability to bear weight on
her left leg. Clinical examination showed a shortened left leg
in external rotation; all movements as well as axial pressure
were painful.

Radiographs of the left hip, anterior-posterior and axial,
showed a pertrochanteric multifragmentary fracture of the
proximal femur (AO Classification 31-A2) (Figure 1).

The next day the patient was operated on where the
fracture was fixed with a third-generation short Gamma
nail (Stryker, Kalamzoo, USA), using a set screw to control

rotation of the lag screw. The procedure and postoperative
course were uneventful, with the Gamma nail in good
position as could be confirmed on the postoperative X-ray
(Figures 2 and 3). The patient was able to mobilize and was
allowed full weight bearing of the left leg the next day. After
11 days the patient was discharged to a rehabilitation center.

After six weeks we saw the patient in the outpatient
clinic for a scheduled follow-up. At that point there were no
complaints and she was mobilizing with a walker. The X-ray
after 6 weeks (Figure 4) showed an identical position of the
Gamma nail and consolidation of the fracture.

Unfortunately, three months after the operation the
patient presented herself again in the ED with acute pain in
her left hip for 2 days and an inability to walk. There was no
preceding trauma and there were no signs of an infection.The
X-ray in the ED showed medial migration of the lag screw
(Figure 5).

It was decided to remove the Gamma nail and replace
it by a cemented total hip arthroplasty (Exeter Stem, Rimfit
cup, Stryker) during the same session. Intraoperatively, the
fracture appeared consolidated and there were no signs of
infection.

Patient was allowed to bear full weight one day after
surgery. The X-ray showed a good position of the total hip
arthroplasty (Figure 6). All the cultures that were taken
during the removal of the Gamma nail showed no growth of
bacteria.
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Abstract

Study design: Cross sectional study

Objective: Spinal fusion is commonly used for treatment of degenerative disc 
disorders. However, there is no consensus among spinal surgeons on operative 
technique, the type of implant being used and postoperative care. With the 
growing importance of Evidence Based Medicine, the demand for clinical 
guidelines is increasing. The aim of this study was to provide an overview of the 
current practice regarding lumbar spinal fusion among spinal surgeons in the 
Netherlands. The findings of this enquiry may help to create guidelines. 

Methods: An online 30-question survey was sent to all members of the DSS 
(orthopedic surgeons and neurosurgeons), focusing on operative techniques, 
implants and post-operative care after spinal fusion in patients with symptomatic 
degenerative conditions of the lumbar spine. 

Results: The response rate was 66%. The bilateral PLIF technique with 2 cages 
was preferred by most surgeons. Neurosurgeons used a PEEK cage more often, 
whereas orthopedic surgeons preferred a titanium cage. There was no consensus 
on assessment of outcome of fusion and post-operative care.

Conclusion: There is little consensus among spine surgeons in the Netherlands 
regarding perioperative management, type of instrumentation and implants, 
operation technique, and postoperative management in lumbar spinal fusion 
in patients with symptomatic degenerative disc disorders, which underlines a 
growing demand for uniform guidelines. 

Keywords: Online survey; Lumbar fusion; Disc degeneration; Operative 
techniques; Post-operative management; Guidelines

Abbreviations
ALIF: Anterior Lumbar Interbody Fusion; CLBP: Chronic Low 

Back Pain; DDD: Degenerative Disc Disorders; DSS: Dutch Spine 
Society; DSSR: Dutch Spine Surgery Registry; SDD: Symptomatic 
Disc Degeneration; F/E: Flexion/Extension; LBP: Low Back Pain; 
LMWH: Low Molecular Weight Heparin; NASS: North American 
Spine Society; Nsaids: Non-Steroidal Anti-Inflammatory Drugs; 
ODI: Oswestry Disability Index; PCA: Patient Controlled Analgesia; 
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Fusion; PLIF: Posterior Lumbar Interbody Fusion; Proms: Patient 
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RMDQ: Roland Morris Disability Questionnaire; SF36: Short Form 
36; TLIF: Transforaminal Lumbar Interbody Fusion;VAS: Visual 
Analogue Scale; VESC: Vertebral Endplate Signal Changes; VTE: 
Venous Thromboembolism 

Introduction
Low back pain (LBP) is a major health problem with life-time 

prevalence up to 84% [1]. Degenerative disc disorders (DDD) are 
held responsible [2]. Several surgical and non-surgical treatment 
options have been developed to reduce pain and improve 
function, including spinal fusion [3]. However, large variation 
in clinical outcome has been reported [4,5]. This difference can 

be partially explained by the lack of consensus for indications 
for surgery [5]. Moreover, there are several surgical techniques 
and implant materials for performing spinal fusion [4,6].  Also, 
post-operative rehabilitation may play an important role in the 
outcome of surgery, with multidisciplinary cognitive-behavioral 
interventions as one of the latest developments [7]. Finally, there 
is no global consensus which clinical and radiographic outcome 
measures should be used to determine the outcome of surgery [4].

With the growing importance of Evidence Based Medicine, the 
demand for clinical guidelines is increasing. Patients, care givers, 
insurance companies and policymakers have a need for uniform 
and consistent counseling, for which consensus in clinical practice 
is essential. In 2014 the Nijmegen decision tool was published [8]. 
A Delphi approach was used to determine 47 indicators, which 
help referring a patient with chronic low back pain (CLBP) to the 
proper caregiver (surgical or non-surgical). It is the first step in 
reducing costs and improving the outcome of spinal interventions.

Purpose

The aim of this study was to provide an overview of the current 
surgical practice for degenerative lumbar conditions among 
spinal surgeons in the Netherlands. Subsequently, the findings of 
this enquiry will be compared to the updated guidelines for the 
performance of fusion procedures for degenerative disease of the 
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a b s t r a c t

Bioactive Glass (BAG) granules are osteoconductive and possess unique antibacterial properties for a
synthetic biomaterial. To assess the applicability of BAG granules in load-bearing defects, the aim was to
compare mechanical behaviour of graft layers consisting of BAG granules and morselized cancellous bone
allograft in different volume mixtures under clinically relevant conditions.

The graft layers were mechanically tested, using two mechanical testing modalities with simulated
physiological loading conditions: highly controllable confined compression tests (CCT) and more clini-
cally realistic in situ compression tests (ISCT) in cadaveric porcine bone defects. Graft layer impaction
strain, residual strain, aggregate modulus, and creep strain were determined in CCT. Graft layer porosity
was determined using micro computed tomography. The ISCT was used to determine graft layer sub-
sidence in bone environment.

ANOVA showed significant differences (po0.001) between different graft layer compositions. True
strains absolutely decreased for increasing BAG content: impaction strain �0.92 (allograft) to �0.39
(BAG), residual strain �0.12 to �0.01, and creep strain �0.09 to 0.00 respectively. Aggregate modulus
increased with increasing BAG content from 116 to 653 MPa. Porosity ranged from 66% (pure allograft) to
15% (pure BAG). Subsidence was highest for allograft, and remarkably low for a 1:1 BAG-allograft volume
mixture.

Both BAG granules and allograft morsels as stand-alone materials exhibit suboptimal mechanical
behaviour for load-bearing purpose. BAG granules are difficult to handle and less porous, whereas
allograft subsides and creeps. A 1:1 volume mixture of BAG and allograft is therefore proposed as the
best graft material in load-bearing defects.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

S53P4 Bioactive Glass (BAG) is a synthetic bone graft substitute
material consisting of (wt%/mol%) 23.0/22.7 Na2O, 20.0/21.8 CaO,
4.0/1.7 P2O5, 53.0/53.9 SiO2 (Andersson et al., 1990b). When
exposed to a physiological environment, physicochemical reac-
tions create a bone-like hydroxyapatite layer on the BAG surface
(Andersson et al., 1990a; Andersson and Kangasniemi, 1991).
This surface makes the glass osteoconductive, with very strong
bonds to bone being formed in vivo (Andersson et al., 1990a;
Andersson and Kangasniemi, 1991; Andersson et al., 1992; Heikkila
et al., 1993, 1995). Additionally, the physicochemical reactions lead

to a series of interactions that stimulate new bone formation
(Gough et al., 2004b, 2004a; Loty et al., 2001; Matsuda and Davies,
1987; Vrouwenvelder et al., 1993; Vrouwenvelder et al., 1992;
Waselau et al., 2012; Xynos et al., 2001, 2000b, 2000a; Zhou et al.,
2010). Because of the aforementioned advantageous properties,
BAG is currently used for various clinical indications. Successful
applications include craniomaxillofacial surgery, otolaryngologic
surgery, spine surgery, and treatment of benign bone tumours
(Aitasalo et al., 2000, 2001; Peltola et al., 2006, 2008, 1998; Sarin
et al., 2012; Silvola, 2012; Stoor et al., 2010; Turunen et al., 2004;
Lindfors et al., 2009, 2010b; Frantzen et al., 2011; Rantakokko
et al., 2012).

In the past decade, BAG has drawn attention for research on its
unique antibacterial effects. In vitro studies showed that S53P4
BAG has an antibacterial effect on a large panel of clinically
important pathogens (Lepparanta et al., 2008; Munukka et al.,
2008; Zhang et al., 2010; Coraca-Huber et al., 2014; Drago et al.,
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a b s t r a c t

Background: Historically it has been suggested that noise-induced hearing loss (NIHL) affects approxi-
mately 50% of the orthopedic surgery personnel. This noise may be partially caused by the use of
powered saw systems that are used to make the bone cuts. The first goal was to quantify and compare
the noise emission of these different saw systems during total knee arthroplasty (TKA) surgery. A second
goal was to estimate the occupational NIHL risk for the orthopedic surgery personnel in TKA surgery by
quantifying the total daily noise emission spectrum during TKA surgery and to compare this to the Dutch
Occupational Health Organization guidelines.
Methods: A conventional sagittal oscillating blade system with a full oscillating blade and 2 newer
oscillating tip saw systems (handpiece and blade) were compared. Noise level measurements during TKA
surgery were performed during cutting and hammering, additionally surgery noise profiles were made.
Results: The noise level was significantly lower for the oscillating tip saw systems compared to the
conventional saw system, but all were in a range that can cause NIHL. The conventional system hand-
piece produced a considerable higher noise level compared to oscillating tip handpiece.
Conclusion: NIHL is an underestimated problem in the orthopedic surgery. Solutions for decreasing the
risk of hearing loss should be considered. The use of oscillating tip saw systems have a reduced noise
emission in comparison with the conventional saw system. The use of these newer systems might be a
first step in decreasing hearing loss among the orthopedic surgery personnel.

© 2016 Elsevier Inc. All rights reserved.

Historically, it has been suggested that noise-induced hearing
loss (NIHL) affects approximately 50% of the orthopedic surgery
personnel [1-3]. One study has shown that the operation theater of
the Department of Orthopaedic Surgery was subject to the loudest
noises in a hospital [4]. This is partly caused by the noise generated
from the powered bone saws during bone cutting [5-10]. Another
factor is the hammering used to position implants, which is asso-
ciated with very high impact peak noises [5-10]. A combination of

these 2 different types of noise is a major cause for the high inci-
dence of NIHL among the orthopedic surgery personnel [3].

Bone saws are available in different design concepts (Fig. 1A).
The current conventional design features a fully oscillating blade
shaft (Fig. 1A, upper). A newer design features an oscillating tip
powered through an internal mechanism of a stationary, hollow
shaft (Fig. 1A, middle and lower). Since the bony cuts in total knee
arthroplasty (TKA) are often made by guiding the blade shaft
through a slot in a metal guiding block, one of the proposed
advantages of the latter design is a lower noise emission due to
decreased blade-block interaction with less chance for soft tissue
damage. However, no quantitative acoustic information from this
new saw blade design is available from a clinical setting.

Sydney et al (2007) [11] have performed noise measurements in
a laboratory setting, using both a conventional oscillating blade saw
and an oscillating tip saw in simulated TKA surgeries on porcine
knees. Although they concluded that the oscillating tip saw
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Novel immortal human cell lines reveal
subpopulations in the nucleus pulposus
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Abstract

Introduction: Relatively little is known about cellular subpopulations in the mature nucleus pulposus (NP). Detailed
understanding of the ontogenetic, cellular and molecular characteristics of functional intervertebral disc (IVD) cell
populations is pivotal to the successful development of cell replacement therapies and IVD regeneration. In this
study, we aimed to investigate whether phenotypically distinct clonal cell lines representing different
subpopulations in the human NP could be generated using immortalization strategies.

Methods: Nondegenerate healthy disc material (age range, 8 to 15 years) was obtained as surplus surgical material.
Early passage NP monolayer cell cultures were initially characterized using a recently established NP marker set. NP
cells were immortalized by simian virus 40 large T antigen (SV40LTag) and human telomerase reverse transcriptase
expression. Immortalized cells were clonally expanded and characterized based on collagen type I, collagen type II,
α1 (COL2A1), and SRY-box 9 (SOX9) protein expression profiles, as well as on expression of a subset of established
in vivo NP cell lineage markers.

Results: A total of 54 immortal clones were generated. Profiling of a set of novel NP markers (CD24, CA12, PAX1,
PTN, FOXF1 and KRT19 mRNA) in a representative set of subclones substantiated successful immortalization of
multiple cellular subpopulations from primary isolates and confirmed their NP origin and/or phenotype. We were
able to identify two predominant clonal NP subtypes based on their morphological characteristics and their ability
to induce SOX9 and COL2A1 under conventional differentiation conditions. In addition, cluster of differentiation
24 (CD24)–negative NP responder clones formed spheroid structures in various culture systems, suggesting the
preservation of a more immature phenotype compared to CD24-positive nonresponder clones.

Conclusions: Here we report the generation of clonal NP cell lines from nondegenerate human IVD tissue and
present a detailed characterization of NP cellular subpopulations. Differential cell surface marker expression and
divergent responses to differentiation conditions suggest that the NP subtypes may correspond to distinct maturation
stages and represent distinct NP cell subpopulations. Hence, we provide evidence that the immortalization strategy
that we applied is capable of detecting cell heterogeneity in the NP. Our cell lines yield novel insights into NP biology
and provide promising new tools for studies of IVD development, cell function and disease.

Introduction
Degenerative disc disease (DDD) poses a substantial so-
cioeconomic burden in developed countries [1]. Cur-
rently, treatment of DDD is primarily aimed at relieving
symptoms because effective therapy to delay or prevent
DDD is not available.

The intervertebral disc (IVD) consists of a central gelat-
inous nucleus pulposus (NP) encircled by an elastic, liga-
mentous annulus fibrosus (AF) and is flanked superiorly
and inferiorly by cartilaginous endplates. NP cells are
highly specialized and share some features with articular
chondrocytes in terms of aggrecan (ACAN), collagen type
II, α1 (COL2A1), and SRY-box 9 (SOX9) protein expres-
sion [2]. However, compared to articular cartilage (AC),
the NP maintains a unique extracellular matrix (ECM)
with a higher glycosaminoglycan to hydroxyproline (GAG/
OH-pro) ratio, and its native cells display distinctive gene
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Abstract

Background: Lumbar spinal fusion for degenerative disorders of the lumbar spine is frequently used, despite
current research presenting inconclusive evidence. This study aims to systematically review and meta-analyse the
natural course of pain and disability in patients with degenerative disorders of the lumbar spine such as spinal
stenosis, spondylolisthesis, disc herniation, or discogenic low back pain to improve lumbar spinal fusion
management.

Methods/design: An electronic database search will be conducted up to 30 September 2015 using MEDLINE,
EMBASE, CINAHL, and ZETOC database. In addition, a search for articles in press and published ahead of print,
British National Bibliography for Report Literature, and OpenGrey will be conducted. Prospective cohort studies
using outcome measures of pain and disability will be eligible for inclusion. Two reviewers will screen titles,
abstracts, and full-text independently using predetermined inclusion and exclusion criteria. The risk of bias of
included studies will be assessed with the modified version of the Quality in Prognostic Studies tool. If meta-
analysis of outcome data is deemed appropriate, variance-weighted pooled means will be calculated.

Discussion: The results of this systematic review and meta-analysis may improve understanding of recovery after
lumbar spinal fusion and improve lumbar spinal fusion management.

Systematic review registration: PROSPERO CRD42015026922

Keywords: Spinal fusion, Spinal surgery, Pain, Disability, Spinal stenosis, Spondylolisthesis, Herniated disc

Background
Lumbar spinal fusion (LSF) is a surgical procedure which
aims to decompress and stabilize the lumbar spine in vari-
ous degenerative disorders such as spinal stenosis, spon-
dylolisthesis, disc herniation, and discogenic low back
pain [1–3]. Data provided by the US Department of
Health and Human Services shows a substantial increase
in hospitalizations for spinal fusion in the USA from
61,000 in 1993 to 296,211 in 2002 and over 451,000 in
2012 [4]. Similarly, the contribution of spinal fusion to the
national bill in the USA increased from $4.3 billion to
$33.9 billion between 1998 and 2008 [5]. Ageing and

surgical advancement are likely to contribute to a further
raise in use of LSF [6].
The increasing use of LSF is remarkable, since definite

proof of treatment efficacy of LSF for symptomatic degen-
erative lumbar spine conditions is still lacking [7]. For ex-
ample, there is insufficient evidence from randomized
controlled trials supporting positive outcomes after surgery
compared to nonsurgical treatment in patients with degen-
erative lumbar spondylolysis [8]. Furthermore, Atlas et al.
[9] report in their prospective cohort study that long-term
low back pain and patient satisfaction are similar regardless
of surgical or nonsurgical treatment in patients with
lumbar spinal stenosis. Pekkanen et al. [10] show in their
prospective cohort study a decrease in disability after LSF
for degenerative conditions, although the patients did not
reach similar disability outcomes compared to a general
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Knieartrose komt veel voor, met name bij oudere patiën-
ten.1,2 Huisartsen worden vaak bezocht door patiënten 
met artrosegerelateerde klachten en zij zien daarom veel 
variatie in het beloop van de aandoening, met name wat 
betreft de ervaren pijn.3 De huisarts moet patiënten voor 
wie een afwachtend beleid gerechtvaardigd is, onder-
scheiden van patiënten voor wie een proactievere aanpak 
nodig lijkt.
Tal van studies hebben risicofactoren onderzocht voor de 
incidentie of progressie van radiografische knieartrose, 
maar slechts weinig onderzoeken gebruiken klinische 
progressie, zoals de mate van pijn of functiebeperkingen, 
als uitkomstmaat.4-8 Er is een duidelijk verschil tussen de 
ernst van klinische of radiografische knieartrose en de 
mate van pijn. Dit lijkt te impliceren dat er verschillen 
zijn tussen risicofactoren voor klinische en radiografi-
sche progressie en de mate van pijn bij knieartrose.
Hoewel de precieze etiologie onduidelijk blijft, is bekend 
dat de pijn door knieartrose fluctueert. Daarom is een 
enkele meting van pijn niet voldoende representatief en 
zouden meerdere meetmomenten van pijn een betere 
indicatie geven.9,10 Dit beloop van pijn (pijntraject) zou 
een betere weerspiegeling zijn van klinische progressie. 
Een vroege voorspelling van het pijntraject dat de patiënt 
met knieartrose kan verwachten, kan de huisarts helpen 
deze patiënt beter te behandelen.
Het doel van dit onderzoek was het definiëren van pijn-

 Doel Vaststellen van het beloop van pijn (pijntrajec t) bij patiënten met vroeg-symptomatische kniear trose en risicofac toren 
voor deze pijntrajec ten def iniëren.

 opzet Retrospec tief cohor tonderzoek.
 MethoDe We verkregen de gegevens voor dit onderzoek uit de ‘Cohor t heup en cohor t knie’ (CHECK)-studie. Deelnemers die bij 

aanvang van deze studie kniear trose hadden, werden geïncludeerd. We onderzochten patiëntkenmerken bij studie-
aanvang wat betref t demograf ie, anamnese en lichamelijk onderzoek. Pijn werd jaarlijks gemeten met een nume-
rieke scoring. We def inieerden verschillende pijntrajec ten met een latenteklassegroeianalyse. Om relatieve risico’s 
te berekenen gebruikten we een multinomiale logistische-regressieanalyse.

 Resultaten We includeerden 705 patiënten en def inieerden 6 pijntrajec ten met een gunstig of ongunstig beloop. Wij vonden sig-
nif icante verschillen in patiëntkenmerken bij studieaanvang tussen de verschillende pijntrajec tgroepen, waaron-
der in BMI, ernst van de klachten en pijncopingstrategieën. Een hogere BMI bij studieaanvang, een lager 
opleidingsniveau, meer comorbiditeit, hogere scores voor beperkingen van ac tiviteiten en een pijnlijke kniege-
wrichtsspleet waren vaker gerelateerd aan trajec ten die werden gekenmerkt door meer pijn bij de eerste presenta-
tie en aan pijnprogressie; we vonden geen verband voor röntgenkenmerken bij studieaanvang.

 ConClusie Wij def inieerden 6 pijntrajec ten bij patiënten met vroeg-symptomatische kniear trose. Onze resultaten kunnen ar tsen 
helpen patiënten met symptomatische kniear trose die frequentere controle nodig hebben, beter te onderscheiden 
van patiënten bij wie een af wachtend beleid gerechtvaardigd is. Röntgenonderzoek heef t geen meer waarde in de 
huisar tsenpraktijk bij de follow-up van patiënten met vroeg-symptomatische kniear trose.
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Abstract: Cartilage defects in the knee are often seen in young and active patients. There is a need for
effective joint preserving treatments in patients suffering from cartilage defects, as untreated defects
often lead to osteoarthritis. Within the last two decades, tissue engineering based techniques using
a wide variety of polymers, cell sources, and signaling molecules have been evaluated. We start
this review with basic background information on cartilage structure, its intrinsic repair, and
an overview of the cartilage repair treatments from a historical perspective. Next, we thoroughly
discuss polymer construct components and their current use in commercially available constructs.
Finally, we provide an in-depth discussion about construct considerations such as degradation
rates, cell sources, mechanical properties, joint homeostasis, and non-degradable/hybrid resurfacing
techniques. As future prospects in cartilage repair, we foresee developments in three areas: first,
further optimization of degradable scaffolds towards more biomimetic grafts and improved joint
environment. Second, we predict that patient-specific non-degradable resurfacing implants will
become increasingly applied and will provide a feasible treatment for older patients or failed
regenerative treatments. Third, we foresee an increase of interest in hybrid construct, which combines
degradable with non-degradable materials.

Keywords: functional synthetic polymers; functional natural polymers; biomaterials; tissue
engineering; cartilage repair; knee joint; scaffold; biomimetic; resurfacing

1. Introduction

Articular cartilage defects occur in all age groups, but are most often encountered in young
athletes as a result of trauma. Symptoms include severe pain, swelling, joint locking, and clicking.
Cartilage lesions have been identified as the underlying pathology in as much as 60%–67% of
exploratory knee arthroscopic procedures [1–3]. Most patients with focal cartilage defects are too
young and too active for joint replacement therapy. Their high demands would lead too premature
failure of the prosthetic components and an increase in revision surgeries [4–6]. As cartilage possesses
very limited capacity for self-repair and regeneration due to its avascular nature and hypocellularity,
cartilage defects result in substantial impairment of quality of life in the short term and are likely to
progress to osteoarthritis if left untreated [7–10]. Therefore, easy and efficient treatments for focal
cartilage defects are indicated.

Polymers 2016, 8, 219; doi:10.3390/polym8060219 www.mdpi.com/journal/polymers
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Abstract:

Objectives:

Classification  methods  that  are  currently  being  used  for  clinical  decision  making  in  thoracolumbar  fractures,  are  limited  by
reproducibility and prognostic value. Additionally, they do not include kyphosis. As a posttraumatic kyphosis is related to persistent
pain, it is of importance to determine a risk of posttraumatic kyphosis based on fracture type and patient characteristics.

Purpose:

To determine risk factors (AO classification, age, gender, localization) that may lead to progressive kyphosis after a thoracolumbar
fracture.

Materials and Methods:

Retrospective  radiographic  analysis  of  a  consecutive  patientcohort  that  presented  in  our  clinic  with  a  traumatic  fracture  of  the
thoracolumbar spine between 2004 and 2011. Cobb angle, Gardner angle, vertebral compression angle and anterior vertebral body
compression were measured on plain radiographs, direct post-trauma and at follow-up.

Results:

Age and localization are not significantly correlated, but there seems to be an increased risk of progression of kyphosis in age > 50
years and fractures localized at Th12 or L1. A3 type fractures are significantly more at risk for posttraumatic kyphosis compared to
A1 and A2 type fractures. 30-50% of the A3 type fractures have an end Gardner angle and end vertebral compression angle of more
than 20 degrees.

Conclusion:

AO-type A3 fractures appear to be at risk of progression of kyphosis. Localization at Th12-L1 and age above 50 years seem to be
risk factors for significant posttraumatic kyphosis. These findings should be used in patient counseling and a meticulous evaluation
by weekly radiographs is recommended to determine the treatment strategy of thoracolumbar fractures.

Keywords: Classification, fracture, fracture, prognosis, radiological prediction, spine, treatment.

INTRODUCTION

Reported  incidences  of  traumatic  fractures  of  the  thoracolumbar  spine  vary  from  1  in  every  150.000  in  the
Netherlands to 1 in 350.000 reported in the United States. Thoracolumbar fractures are debilitating and may lead to
variable outcomes [1, 2].

* Address correspondence to this author at the Department of Orthopaedic Surgery and Traumatology, Atrium Medical Center, Postbus 4446, 6401
CX Heerlen, The Netherlands; Tel: +31 45 576 67 47; E-mail: inez_curfs@hotmail.com
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ABSTRACT
Background There has been much debate recently on the best type of thromboprophylaxis following elective total joint replacement
surgery.
Objective This study aims to compare rates of venous thromboembolism (VTE), gastro-intestinal (GI) bleeding and mortality events, with
use of new oral anticoagulants (NOAC) or low-molecular-weight heparins (LMWHs) compared with aspirin in patients undergoing total
joint replacement.
Methods A population-based retrospective cohort study was performed using the Clinical Practice Research Datalink. Patients ≥18 years
of age who had undergone total knee (n= 3261) or hip replacement (THR (n= 4016)) between 2008 and 2012 were included. Within this
population, three cohorts were selected, based on their first prescription within the 35-day period after surgery: use of NOACs only, LMWHs
only and aspirin only. Incidence rates were calculated, and Cox proportional hazard models were fitted to estimate the risk of VTE, GI bleed-
ing and all-cause mortality with the use of NOACs and LMWHs compared with aspirin use after total knee replacement and THR. We sta-
tistically adjusted our analyses for lifestyle factors, comorbidities and concomitant drug use.
Results Total knee replacement and THR patients currently on LMWHs had higher risk of VTE (HR= 17.2 (6.9–43.0) and HR=39.5 (18.0–
87.0), respectively), GI bleeding (HR= 20.9 (1.9–232.3) and HR=2.0 (0.2–17.2), respectively) and all-cause mortality (HR= 4.3 (1.7–12.4)
and HR=4.0 (2.4–6.7), respectively). NOAC use was associated with an increased risk of GI bleeding in patients undergoing THR surgery.
Conclusions In contrast to previous studies, we found an increased risk of VTE, GI bleeding and all-cause mortality with the use of
LMWHs compared with aspirin. Risk of GI bleeding was increased with the use of NOACs compared with aspirin use after THR surgery.
Copyright © 2016 John Wiley & Sons, Ltd.

key words—new oral anticoagulants; aspirin; low-molecular-weight heparins; GI bleeding; venous thromboembolism; mortality;
epidemiology; pharmacoepidemiology
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INTRODUCTION

Osteoarthritis (OA) is the most prominent cause of
pain and disability in the UK.1 Based on 7-year

consultation prevalence in general practice, an esti-
mated 8.75 million people have sought treatment for
pain associated with OA. This is one-third of the peo-
ple aged 45years and over in the UK.1 Between 1990
and 2010, in the UK, the prevalence of disability due
to OA increased by 15%.2 Total joint replacements
(TJR), such as total hip replacement (THR) or total
knee replacement (TKR), substantially improve

*Correspondence to: J. T. H. Nielen, Department of Pharmacoepidemiology and
Clinical Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht
University, Utrecht, The Netherlands. E-mail: j.t.h.nielen@uu.nl

Copyright © 2016 John Wiley & Sons, Ltd.
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Abstract: It is generally thought that people with diabetes mellitus

(DM) are more likely to suffer from osteoarthritis (OA) due to an

increased body mass index (BMI), resulting in mechanical destruction

of cartilage. However, previous studies have suggested a coexisting

metabolic causality.

To evaluate the risk of hip or knee replacement, as a proxy for severe

OA, in patients with DM. We additionally evaluated the risk of total

joint replacement (TJR) with various proxies for increased DM severity.

A population-based case–control study was performed, using the

Clinical Practice Research Datalink (CPRD). Cases (n¼ 94,609) were

defined as patients >18 years who had undergone TJR between 2000

and 2012. Controls were matched by age, gender, and general practice.

Conditional logistic regression was used to estimate the risk of total

knee (TKR) and total hip replacement (THR) surgery associated with

use of antidiabetic drugs (ADs). We additionally stratified current AD

users by proxies for DM severity.

Current AD use was significantly associated with a lower risk of

TKR (OR¼ 0.86 (95% CI¼ 0.78–0.94)) and THR (OR¼ 0.90 (95%

CI¼ 0.82–0.99)) compared to patients not using ADs. Moreover, risk of

TKR and THR was decreased with increasing HbA1c.

This study does not support the theory that DM patients are more

likely to suffer from severe OA as compared to patients without

diabetes. Moreover, risk of severe OA necessitating TJR decreases

with increasing DM severity. This is possibly due to dissimilarities in

methodology, a decrease in eligibility for surgery, or variability of OA

phenotypes.

(Medicine 95(20):e3739)

Abbreviations: AD = antidiabetic drug, AGEs = advanced

glycation end products, BMI = body mass index, CI = confidence

interval, CPRD = Clinical Practice Research Datalink, DM =

diabetes mellitus, DPP = dipeptidyl peptidase, GLP = glucagon-

like peptide, GLUT = glucose transporter, GP = general

practitioner, GPRD = General Practice Research Database,

HbA1c = glycated hemoglobin, ISAC = Independent Scientific

Advisory Committee, KL = Kellgren–Lawrence, OA =

osteoarthritis, OR = odds ratio, QOF = Quality and Outcomes

Framework, RA = rheumatoid arthritis, ROS = reactive oxygen

species, T1DM = type 1 diabetes mellitus, T2DM = type 2 diabetes

mellitus, THR = total hip replacement, TJR = total joint

replacement, TKR = total knee replacement, TZD =

thiazolidinedione, UK = United Kingdom.

INTRODUCTION

O steoarthritis (OA) is the most common cause of pain and
disability in the United Kingdom (UK).1 Approximately

one-third of people aged 45 and over in the UK sought treatment
for pain associated with OA.1 Furthermore, between 1990 and
2010, disability due to OA has increased by 15%.2 In patients
with severe OA, total knee (TKR) and hip (THR) replacement
are considered to improve the quality of life considerably.3

Patients with OA are more likely to suffer from diabetes
mellitus (DM). DM is characterized by several metabolic
problems, such as impaired glucose metabolism and obesity.
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Previous observational studies on statins have shown variable results based on the methodology used. Our ob-
jective was to study the association between statins and orthopedic implant failure and to explore the influence of
methodological differences in study design. Our study base consisted of patients with a primary total joint replace-
ment in Denmark and the United Kingdom (n = 189,286; 1987–2012). We used 4 study designs: 1) case-control
(each patient with revision surgery matched to 4 controls), 2) time-dependent cohort (postoperative statin use as
a time-varying exposure variable), 3) immortal time cohort (misclassifying the time postoperatively before statin
use), and 4) time-exclusion cohort (excluding the time postoperatively before statin use). Cox proportional hazards
models and logistic regression were used to estimate incidence rate ratios. In the time-dependent cohort design,
statin use was associated with a decreased risk of revision surgery (adjusted incidence rate ratio (IRR) = 0.90, 95%
confidence interval (CI): 0.85, 0.96), which was similar to our case-control results (IRR = 0.87, 95% CI: 0.81, 0.93).
In contrast, both time-fixed cohort designs yielded substantially lower risk estimates (IRR = 0.36 (95% CI: 0.34,
0.38) and IRR = 0.65 (95% CI: 0.63, 0.68), respectively). We discourage the use of time-fixed cohort studies,
which may falsely suggest protective effects. The simple choice of how to classify exposure can substantially
change results from biologically plausible to implausible.

arthroplasty; case-control studies; cohort studies; hydroxymethylglutaryl-CoA reductase inhibitors;
pharmacoepidemiology

Abbreviations: CI, confidence interval; CPRD, Clinical Practice Research Datalink; DNHS, Danish National Health System; GPRD,
General Practice Research Database; IRR, incidence rate ratio; TJR, total joint replacement.

Primary total joint replacements (TJRs) of the hip and knee
substantially alleviate pain and improve physical function
and quality of life in patients with moderate to severe osteo-
arthritis (1). Each year, approximately 1.8 million of these
procedures are performed worldwide (2, 3). Up to 8.3% of
recipients need their joint implants revised in the first 10
years (4), and these revisions are associated with poorer clin-
ical outcomes compared with primary TJR (5, 6).
Observational studies have suggested many beneficial

pleiotropic effects of statins, including a reduced risk of frac-
ture and cancer (7, 8). Similarly, statins have been proposed

to prevent implant revision failure (9). In a Danish case-
control study, Thillemann et al. (9) reported a 66% reduction
in implant revision with statin use, although they could not
find a dose-response relationship.
These potential beneficial effects could be explained on a bi-

ological etiological basis (10–12). However, the seemingly
beneficial effects from observational studies could also be ex-
plained by study design and analytical choices. Previous stud-
ies on statins have shown discrepant results when the datawere
analyzed for a second time in the exact same database. For ex-
ample, in the first British observational study, Meier et al. (7)
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a b s t r a c t

There are a number of drawbacks to incorporating large concentrations of barium sulfate (BaSO4) as the
radiopacifier in PMMA-based bone cements for percutaneous vertebroplasty. These include adverse ef-
fects on injectability, viscosity profile, setting time, mechanical properties of the cement and bone
resorption. We have synthesized a novel cement that is designed to address some of these drawbacks. Its
powder includes PMMA microspheres in which gold particles are embedded and its monomer is the
same as that used in commercial cements for vertebroplasty. In comparison to one such commercial
cement brand, VertaPlex™, the new cement has longer doughing time, longer injection time, higher
compressive strength, higher compressive modulus, and is superior in terms of cytotoxicity. For
augmentation of fractured fresh-frozen cadaveric vertebral bodies (T6-L5) using simulated verte-
broplasty, results for compressive strength and compressive stiffness of the construct and the percentage
of the volume of the vertebral body filled by the cement were comparable for the two cements although
the radiopacity of the new cement was significantly lower than that for VertaPlex™. The present results
indicate that the new cement warrants further study.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Osteoporotic vertebral compression fractures are the most
common fractures among the elderly, with an estimated number of
1.4 million new fractures occurring every year in patients over 50
years of age worldwide [1e3]. Although some vertebral compres-
sion fractures can be asymptomatic, most patients experience
substantial, incapacitating pain, which can become chronic [3,4].

Percutaneous vertebroplasty is a minimally invasive procedure in
which bone cement is carefully injected into a painful osteoporotic
fractured vertebra under continuous fluoroscopic guidance. The
bone cement hardens in situ, providing increased strength and
stabilization. Most importantly, pain is substantially relieved
which, in turn, results in a significant improvement of quality of life
in the elderly population [3,4].

The bone cement used for vertebroplasty are derived from
conventional polymethylmethacrylate (PMMA) bone cements used
for total hip and knee arthroplasty. The main modification is that
cements used in vertebroplasty contain a much higher proportion
of radiopacifier (up to 30% on weight basis), most commonly
barium sulfate (BaSO4) [5e7]. Large amounts of radiopacifier
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a b s t r a c t

Introduction: Intrathecal baclofen (ITB) treatment is applied in patients with spastic cerebral

palsy (SCP), dystonic cerebral palsy (DCP) and progressive neurological disease (PND). Our

aim was to investigate whether ITB treatment has a different effect on activities of daily life

(ADL) in these groups.

Method: A retrospective and cross-sectional survey was conducted using a questionnaire to

assess the qualitative effect of ITB (Likert scale) on different domains of functioning

(mobility, personal care, communication, comfort) and satisfaction with the results.

Groups were compared using non-parametric statistics.

Results: Questionnaires were completed for 68 patients (39 SCP, 13 DCP, 16 PND). Satis-

faction scores were relatively high in all groups (7e8) and the positive effect on personal

care and communication was similar in all groups. The PND group had the shortest follow-

up and scored significantly less favourably for the effect on mobility and comfort.

Discussion: This is the first study to show that ITB treatment has similar effects on personal

care and communication in stable and progressive neurological disease. The decrease in

mobility in the PND group is likely due to the progressive nature of the disease. The

Abbreviations: ADL, activities of daily life; CP, cerebral palsy; DCP, dystonic cerebral palsy; F, female; GMFCS, gross motor function
classification system; ITB, intrathecal baclofen; M, male; N, number; PND, progressive neurological disease; SCP, spastic cerebral palsy;
SD, standard deviation; VAS, visual analogue scale; yrs, years.
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The Glasgow-Maastricht foot model,
evaluation of a 26 segment kinematic
model of the foot
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Lodewijk van Rhijn2 and Kenneth Meijer1*

Abstract

Background: Accurately measuring of intrinsic foot kinematics using skin mounted markers is difficult, limited in
part by the physical dimensions of the foot. Existing kinematic foot models solve this problem by combining
multiple bones into idealized rigid segments. This study presents a novel foot model that allows the motion of the
26 bones to be individually estimated via a combination of partial joint constraints and coupling the motion of
separate joints using kinematic rhythms.

Methods: Segmented CT data from one healthy subject was used to create a template Glasgow-Maastricht foot
model (GM-model). Following this, the template was scaled to produce subject-specific models for five additional
healthy participants using a surface scan of the foot and ankle. Forty-three skin mounted markers, mainly
positioned around the foot and ankle, were used to capture the stance phase of the right foot of the six healthy
participants during walking. The GM-model was then applied to calculate the intrinsic foot kinematics.

Results: Distinct motion patterns where found for all joints. The variability in outcome depended on the location of
the joint, with reasonable results for sagittal plane motions and poor results for transverse plane motions.

Conclusions: The results of the GM-model were comparable with existing literature, including bone pin studies,
with respect to the range of motion, motion pattern and timing of the motion in the studied joints. This novel
model is the most complete kinematic model to date. Further evaluation of the model is warranted.

Keywords: Kinematic foot model, Multi-segment foot model, Gait analysis

Background
The foot is comprised of 26 bones, excluding the sesa-
moids. Standard gait analysis considers the foot as one
rigid segment connected to the shank with a ball joint
[1]. Multi-segmented kinematic foot models have been
developed to model intrinsic foot bone motion [2–12].
These models differ in the number of segments, ranging
from two [6, 8, 11] to eight segments in the foot [5], and
in the composition of these segments. The hindfoot, for
example, has been modelled in at least four different
ways, varying in level of detail. These include modelling
the calcaneus alone [9–11], the calcaneus and talus in

one segment [2, 3, 6–8], including the talus as part of
the mid foot [5], or as two separate segments [12].
Furthermore, for all existing kinematic foot models the
navicular bone and the three cuneiforms are modelled as
a single rigid segment, an assumption that has been
shown to be incorrect. For example, an in vitro study of
Nester et al. [13] has shown substantial motion in three
dimensions between navicular and medial cuneiform,
central cuneiform and lateral cuneiform of 4.5–11.4°,
5.4–9.8° and 11.2–14.3° respectively. Current multi-
segmented kinematic foot models, using standard gait
analysis techniques, all use a rigid body assumption to
combine individual bones in one segment, based on
fixing joints that have been shown to be non-rigid.
Although the use of rigid bodies leads to the possibility

to measure foot kinematics of the non-rigid joints of the
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Abstract

Objectives

NSAIDs are used to relieve pain and decrease inflammation by inhibition of cyclooxygenase

(COX)-catalyzed prostaglandin (PG) synthesis. PGs are fatty acid mediators involved in

cartilage homeostasis, however the action of their synthesizing COX-enzymes in cartilage

differentiation is not well understood. In this study we hypothesized that COX-1 and COX-2

have differential roles in chondrogenic differentiation.

Methods

ATDC5 cells were differentiated in the presence of COX-1 (SC-560, Mofezolac) or COX-2

(NS398, Celecoxib) specific inhibitors. Specificity of the NSAIDs and inhibition of specific

prostaglandin levels were determined by EIA. Prostaglandins were added during the differ-

entiation process. Chondrogenic outcome was determined by gene- and protein expression

analyses.

Results

Inhibition of COX-1 prevented Col2a1 and Col10a1 expression. Inhibition of COX-2 resulted

in decreased Col10a1 expression, while Col2a1 remained unaffected. To explain this differ-

ence expression patterns of both COX-enzymes as well as specific prostaglandin concen-

trations were determined. Both COX-enzymes are upregulated during late chondrogenic

differentiation, whereas only COX-2 is briefly expressed also early in differentiation. PGD2

and PGE2 followed the COX-2 expression pattern, whereas PGF2α and TXA2 levels

remained low. Furthermore, COX inhibition resulted in decreased levels of all tested PGs,

except for PGD2 and PGF2α in the COX-1 inhibited condition. Addition of PGE2 and PGF2α

resulted in increased expression of chondrogenic markers, whereas TXA2 increased

expression of hypertrophic markers.
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Abstract

Background: Patients with hereditary multiple osteochondromas (HMO) undergo frequent radiographs to
evaluate the growth of their osteochondromas. The conventional radiographic images clearly show the growth of the
bony part of the osteochondromas and the growth direction of the long bones. The radiographs do not show the
cartilage cap on top of the osteochondroma nor do they show the surrounding soft tissue or the cartilage of the
nearby epiphysis. Alongside these disadvantages taking frequent radiographs carries the potential risk of inducing
malignant degeneration through ionizing radiation. In this study we investigated the use of whole-body MR imaging
as a screening tool to follow patients with HMO.

Findings: Two HMO affected children underwent two whole-body MR imaging scans in one-year time to identify
the osteochondromas and to evaluate their growth. The MR images were compared to regular follow-up radiographs
of these patients. All radiographically detectable osteochondromas were visible on the whole-body MR images. At
least one osteochondroma was clearly seen on the whole-body MR images before detection was possible on the
radiographs. The proton density sequence with fat suppression proved to be the best sequence to visualize
osteochondromas.

Conclusion: Whole-body MR imaging is an effective follow-up tool for patients with hereditary multiple
osteochondromas.

Keywords: Whole-body MRI; HMO; HME; Osteochondroma

Introduction
Hereditary multiple osteochondromas or exostosis (HMO or HME)

is an autosomal dominant inherited disease caused by mutated
exostosin genes. HMO is characterized by the outward growth of
cartilage-capped bone tumours called osteochondromas. The
osteochondromas grow on the external surface of bones and contain a
bone marrow cavity continuous with the normal bone cavity [1,2].
They often occur at the metaphysis of the long bones but are also found
on the spine, scapulae, the ribs and the pelvis. The osteochondromas
develop in the first decade of life and continue to grow until the patient
reaches skeletal maturity. Most osteochondromas are symptomless but
patients can suffer from pain and discomfort of the osteochondromas
giving pressure on the overlying structures such as tendons, ligaments,
nerves and even on the spinal cord. HMO can further lead to growth
disturbances including Madelung’s deformity (40-60%), unequal limb
length (10-50%), joint deformity (2-55%) and a disproportionally short
stature (37-45%) [3-6].

In patients diagnosed with HMO multiple conventional radiographs
are taken for follow up. The radiographs give clear information about
the bones and the ossified osteochondromas. Furthermore, growth
deformations of the long bones can be detected. In adults regular
follow-up every (other) year is advocated [7]. In fast growing children
every six-month radiographs are taken to evaluate the growth

deformities and to determine the need for early intervention. For
example early resection of the osteochondromas in the forearm can
prevent forearm deformity and early hemi-epiphyseal stapling can
prevent ankle deformities. Since growth deformities and joint
dislocations in children with multiple hereditary osteochondromas can
cause significant disability; early treatment of the deformity may
prevent or decrease later deterioration of function. The aim of
treatment is surgical resection of the masses and the prevention of
deformities [8-10].

Next to the deformities osteochondromas can cause pain. Pressure
of the osteochondroma on the surrounding soft tissues can be painful.
The top of the osteochondroma, the cartilage cap, is not ossified and
therefore cannot be seen on the radiographs. These soft tissues are not
seen on radiographs but are clearly visible on MR images. MR images
can also provide information about the cartilage of the nearby
epiphysis and thus about the potential growth deformation.

Whole-body MR imaging (Wb MRI) is a non-invasive screening
technique that acquires images of the entire body. Patients with HMO
in regular follow up [7] may need a high number of radiographs
(estimated 10-20 radiographs per year in a fast growing child) and
thereby receive a significant dose of ionizing radiation with the
potential risk of inducing malignant degeneration of the cartilage cap
of the osteochondroma. Because of the visibility of the top and of the
tissues surrounding the osteochondromas and the visibility of the
epiphysis of the long bones, and at the same time the lack of radiation,
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Tibial component rotation in total knee
arthroplasty
Peter Z. Feczko*, Bart G. Pijls, Michael J. van Steijn, Lodewijk W. van Rhijn, Jacobus J. Arts and Peter J. Emans

Abstract

Background: Both the range of motion (ROM) technique and the tibial tubercle landmark (TTL) technique are
frequently used to align the tibial component into proper rotational position during total knee arthroplasty (TKA).
The aim of the study was to assess the intra-operative differences in tibial rotation position during computer-navigated
primary TKA using either the TTL or ROM techniques. The ROM technique was hypothesized to be a repeatable
method and to produce different tibial rotation positions compared to the TTL technique.

Methods: A prospective, observational study was performed to evaluate the antero-posterior axis of the cut
proximal tibia using both the ROM and the TTL technique during primary TKA without postoperative clinical
assessment. Computer navigation was used to measure this difference in 20 consecutive knees of 20 patients
who underwent a posterior stabilized total knee arthroplasty with a fixed-bearing polyethylene insert and a
patella resurfacing.

Results: The ROM technique is a repeatable method with an interclass correlation coefficient (ICC2) of 0.84 (p < 0.001).
The trial tibial baseplate was on average 4.56 degrees externally rotated compared to the tubercle landmark. This
difference was statistically significant (p = 0.028). The amount of maximum intra-operative flexion and the pre-operative
mechanical axis were positively correlated with the magnitude of difference between the two methods.

Conclusions: It is important for the orthopaedic surgeon to realise that there is a significant difference between the
TTL technique and ROM technique when positioning the tibial component in a rotational position. This difference is
correlated with high maximum flexion and mechanical axis deviations.

Keywords: Total knee arthroplasty, Tibial rotation, ROM technique, TTL technique, Computer navigation

Background
Rotational alignment of the components in total knee
arthroplasty (TKA) is an important factor for both sur-
vival and the performance of the prostheses [1, 2]. The
majority of the attention has focussed on the rotational
alignment of the femoral component [3–6], which has
resulted in the widespread use of the transepicondylar
axis and the antero-posterior axis (Whiteside’s Line) of
the distal femur as the reference axes for the rotational
alignment of the femoral component [3–6].
However there is more discussion about the rotational

alignment of the tibial component in part because of the
difficulty of clinically assessing tibial component rotation.
Furthermore, a whole range of anatomical landmarks can

be used, including the medial border of the tibial tuberos-
ity, the medial third of the tibial tuberosity, the anterior
tibial crest, the posterior tibial condylar line, the second
ray and the first web space of the foot. Aligning the tibial
component to the tibial tubercle is one of the most popu-
lar landmark methods [7–9]. The disadvantage of all ana-
tomical landmark techniques is that they do not account
for femoro-tibial kinematics [10]. To address this problem,
the ROM technique was introduced; in this technique,
the rotational alignment of the tibial tray is determined
through conformity to the femoral component when
the knee is put through a series of full flexion-extension
cycles [11]. However, the position of the tibial tray is not
exclusively determined by the femoral component but is
also influenced by the extensor mechanism, the patellar
component, the ligament balancing and the tibial cut
[12, 13]. The rationale behind the ROM technique lies
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Objective: Spondylolisthesis can be treated by transforaminal lumbar interbody fusion (TLIF) and posterior lum-
bar interbody fusion (PLIF). The effectiveness of both techniques is assumed to be equal. TLIF may have advan-
tages over PLIF concerning complication rate, blood loss, surgical time and hospital duration. In order to verify
these assumed advantages of TLIF we retrospectively compared a case series of patients that have undergone
TLIF or PLIF surgery for lumbar spondylolisthesis in our hospital.
Methods: 96 patients with spondylolisthesis (isthmic or degenerative)were analysed. Patient characteristics and
surgical details were recorded.
Results: TLIF procedures were associated with significantly shorter surgical time. Overall complication rate was
25%. There was no difference in blood loss, hospital duration or occurrence of postoperative pain.
Conclusion: In this case series, TLIF was associated with shorter surgical time. Other assumed advantages of TLIF
could not be verified in this retrospective patient series. Further prospective research is needed to confirm these
results.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Spinal instability caused by lumbar spondylolisthesis can lead to in-
termittent neurogenic claudication, lumbar radiculopathy and low back
pain. If conservative measurements fail or if patients develop neurolog-
ical deficits, surgical treatment by decompression and instrumented
spinal fusion is more frequently considered: in the US, the national bill
for instrumented spinal fusion increased 7.9 fold between 1998 and
2008 [1].

Classically, posterolateral fusion with pedicle screw fixation is per-
formed, combined with interbody fusion surgery. The rationale for
adding lumbar interbody fusion surgery is to improve fusion [2,3],
thereby restoring balance and redeeming stability [4]. Different fusion
techniques have been developed, including transforaminal lumbar
interbody fusion (TLIF) and posterior lumbar interbody fusion (PLIF)
(Figs. 1 and 2) [5,6]. Most spine surgeons are familiar with both and
technical difficulty is similar. The unilateral approach to the interverte-
bral disc is a theoretical advantage of TLIF, based on a number of items
[6]. First of all, the a priori chance of damaging nerve or dural sac is

50% less in TLIF. Secondly, in TLIF one facet joint remains unaffected
while in PLIF both facet joints are involved in decompression necessary
to place interbody cages. Thirdly, TLIFmay affect themusculoligamentous
complex of the lumbar spine to a lesser extent. Data from retrospec-
tive patient series suggest that TLIF may require less surgical time
and is associated with less blood loss and fewer complications
[7–9], while effectiveness of both techniques on back and/or leg
pain is equal [4,8,9].

TLIF may thus be as effective as PLIF, technically equivalent and the-
oretically safer, suggesting that TLIF is a better technique to treat the in-
stable lumbar spine.

2. Material and methods

All patients that underwent single level TLIF for lumbar
spondylolisthesis in our hospital between January 2011 and December
2014 were retrospectively analysed. These TLIF patients were matched
with PLIF patients, matched on indication for surgery, grade of
spondylolisthesis, age and BMI. Surgery was always preceded by explo-
ration of non-surgical interventions such as physical therapy or analge-
sics. Exclusion criteria were: b18 years at time of surgery or other spinal
disorders (trauma, scoliosis, tumour or infection). Patient data were
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UHMWPE Sublaminar Wires in Posterior
Spinal Instrumentation

Stability and Biocompatibility Assessment in an
Ovine Pilot Study

Rob Bogie, MD,* Laura Voss, MSc,* Jacobus J. Arts, PhD,* Arno Lataster, MSc,w
Paul C. Willems, MD, PhD,* Boudewijn Brans, MD, PhD,z Lodewijk W. van Rhijn, MD, PhD,*

and Tim J. M. Welting, PhD*

Study Design: An animal study.

Objective: To explore ultra-high molecular weight polyethylene

(UHMWPE) sublaminar wires in spinal surgery and to assess

stability and biocompatibility of the UHMWPE instrumenta-

tion in an ovine model.

Summary of Background Data: Sublaminar wiring is a well-

established technique in segmental scoliosis surgery. However,

during introduction and/or removal of the metal sublaminar wires,

neurological problems can occur. Abrasion after cutting metal

wires for removal can lead to damage to the dural sac. Sublaminar

wires have to withhold large forces and breakage of the wires can

occur. Different types of sublaminar wires have been developed to

address these problems. UHMWPE sublaminar wires can poten-

tially substitute currently used metal sublaminar metal wires. In

vivo testing and biocompatibility analysis of UHMWPE wires are

recommended before clinical use in spinal surgery.

Materials and Methods: In 6 immature sheep, pedicle screws

were instrumented at lumbar level L4 and attached with tita-

nium rods to 4 thoracolumbar vertebrae using 3- and 5-mm-

wide UHMWPE sublaminar wiring constructions in 5 animals.

Titanium sublaminar wires were applied in 1 animal to function

as a control subject. After a follow-up period of 16 weeks, the

animals were sacrificed and the spines were isolated. Radio-

graphs and computed tomography (CT) scans were made to

assess stability of the instrumentation. The vertebrae were dis-

sected for macroscopic and histologic evaluation.

Results: None of the wires had loosened and the instrumentation

remained stable. CT scans and radiographs showed no signs of

failure of the instrumentation and no neurological complica-

tions occurred. Although several bony bridges were seen on CT,

growth was observed at the operated levels. Biocompatibility

was assessed by macroscopical and histologic analysis, showing

no signs of dural or epidural inflammation.

Conclusions: This pilot animal study shows that UHMWPE

sublaminar wiring is a safe technique. The UHMWPE wires are

biocompatible and provide sufficient stability in spinal in-

strumentation. Heterotopic ossification because of periost re-

actions in the ovine spine led to some restrictions in this study.

Key Words: scoliosis, sublaminar wires, posterior instrumenta-

tion, UHMWPE, sheep

(Clin Spine Surg 2016;29:E542–E549)

Currently, there are several options for the surgical
correction of spinal deformities in children.1,2 Rod

fixation with pedicle screws, laminar hooks, or sub-
laminar wires can be used.3 Luque4 was the first to
describe the use of sublaminar wires for segmental in-
strumentation in 1982. However, a complication rate as
high as 17% has been described for spinal surgery using
sublaminar wires.5,6 Neurological complications and wire
breakage have been reported when using stainless steel or
titanium sublaminar wires both in fusion and nonfusion
techniques.7–13 Although different types of sublaminar
wires have been used in spinal surgery, nonmetal sub-
laminar wires have not been thoroughly described.14

Preclinical in vivo testing of these nonmetal materials is
essential to evaluate biocompatibility and material char-
acteristics as compared to the classic metal wires.

Chemically inert and biocompatible Dyneema
Purity is already successfully used in orthopedic surgery,
such as rotator cuff repair and knee ligament repair. Be-
cause of its high tensile strength and low friction char-
acteristics, it is expected to provide sufficient stability and
if necessary is able to slide along spinal rods, thereby
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AIMS
Osteoarthritis (OA) is the most common musculoskeletal condition in the
elderly population. However, no disease modifying drug exists for this disease.
In vivo animal studies have suggested that thiazolidinediones (TZD) may be
used as disease modifying osteoarthritis drugs (DMOADs). To our knowledge,
this has not yet been examined in humans before. The aim was to determine the
risk of total joint replacement (TJR) in patients using TZDs compared with
diabetic patients using other antidiabetic drugs.

METHODS
A population based case–control study was performed using the Clinical Practice
Research Datalink (CPRD). Cases (n = 94 609) were defined as patients>18 years of
age who had undergone total knee (TKR) or hip replacement (THR) between 2000
and 2012. Controls were matched by age, gender and practice/surgery. Conditional
logistic regression analyses were used to estimate the risk of TKR and THR with the
use of TZDs in patients currently using one or more antidiabetic drugs. In order to
determine effect with prolonged use, we also stratified TZDusers by total number of
prescriptions prior to surgery. We statistically adjusted our analyses for lifestyle
factory, comorbidities and concomitant drug use.

RESULTS
There was no difference in risk of TKR (OR 1.09, 95% CI 0.93, 1.27) and THR (OR 0.92,
95% CI 0.76, 1.10) when TZD users were compared with other AD users. Furthermore,
we did not find an association with prolonged use of TZDs and TJR.

CONCLUSION
Despite promising results from animal in vivo studies, this study did not find any
evidence for a disease modifying osteoarthritic effect of TZDs.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• No disease modifying drug exists for
osteoarthritis.

• Animal studies have suggested that
thiazolidinediones may be used as disease
modifying osteoarthritis drugs (DMOADs).

• The disease modifying osteoarthritic effect
of thiazolidinediones has not been
examined in humans before.

WHAT THIS STUDY ADDS
• This is the first study assessing the potential
disease modifying osteoarthritic effect of
thiazolidinediones in humans.

• This study did not find any evidence for a
disease modifying osteoarthritic effect of
thiazolidinediones.
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DOI:10.1111/bcp.12786
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Validation of a novel activity monitor in impaired, slow-walking,
crutch-supported patients

Simon N. van Laarhoven *, Matthijs Lipperts, Stijn A.A.N. Bolink, Rachel Senden,
Ide C. Heyligers, Bernd Grimm

Department of orthopaedics, Atrium medical center Heerlen, 5, Henri Dunantstraat, 6419PC Heerlen, The Netherlands

1. Introduction

Physical activity is an important determinant of health and
well-being and inactivity is strongly associated with morbidity and
mortality [1,2]. Inactivity was identified by the World Health
Organization [3] as the fourth strongest risk factor for mortality.
Several diseases reduce physical activity, osteoarthritis being one
of the leading causes and affecting 9% of the population
[4]. Restoration of function and activity in patients with these
diseases is one of the main goals for clinicians and is specific for
patients with osteoarthritis after total joint arthroplasty (TJA).
Monitoring physical activity before, shortly after and in late follow-

up after TJA is crucial for evaluating rehabilitation, assessing social
participation and determining the effectiveness of the interven-
tions in evidenced-based practice.

Self-reported questionnaires are widely used to assess physical
activity. Although they are inexpensive and easy to use, they show
limited validity and reliability and are subject to bias; they largely
overestimate activity [5–7]. In contrast, the gold standards in
assessing physical activity in terms of energy expenditure –
ingestion of double labeled water, room calorimetry and indirect
calorimetry [8] – are time-consuming, costly and technically too
demanding for routine clinical use. Furthermore, these techniques
do not provide specific information on lower-limb activity or type
of activity such as walking, stair climbing or cycling.

Portable sensors have evolved considerably over the years, from
simple step counters to accelerometer-based activity monitors
(AMs) combined with heart rate monitors, inertia-based monitors

Annals of Physical and Rehabilitation Medicine 59 (2016) 308–313
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Background: A growing need in clinical practice of rehabilitation and orthopaedic medicine is for

objective outcome tools to estimate physical activity. Current techniques show limited validity or are too

demanding for routine clinical use. Accelerometer-based activity monitors (AMs) have shown promise

for measuring physical activity in healthy people but lack validity in impaired patients.

Objectives: This study aimed to validate an accelerometer-based AM in impaired, slow-walking, crutch-

supported patients after total joint arthroplasty (TJA).

Methods: Shortly after TJA, patients who were safely mobilized with 2 crutches and 8 healthy

participants completed a trial of different activities while wearing the AM on the lateral upper leg and

being videotaped. Outcome variables (e.g., time walking, number of gait cycles, sit-stand-sit transfers)

were compared to video recordings, and sensitivity, predictive value and mean percentage difference

(MPD) values were calculated.

Results: We included 40 patients (mean age: 65 � 9 years; mean BMI: 30 � 6 kg/m2; male:female ratio:

18:22) and 8 healthy participants (mean age: 49 � 20 years; mean BMI: 23 � 0.7 kg/m2; male:female ratio:

5:3). The AM showed excellent sensitivity (> 95%) and predictive value (> 95%) in identifying activities (e.g.,

walking, sitting, resting) and detecting the number of gait cycles and sit-stand-sit transfers (mean percentage

difference: �2%). Detection of number of steps ascending and descending stairs and cadence was more

difficult but still showed good results (mean percentage difference: �7%).

Conclusions: This is the first validation study to assess physical activity with an AM in impaired, slow-

walking, crutch-supported patients. The AM was a valid tool for measuring physical activity in these

patients. The tool may help in evaluating and optimizing rehabilitation programs for patients after TJA,

those recovering from stroke or chronic impaired patients.

� 2016 Elsevier Masson SAS. All rights reserved.
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Visual detection of cortical breaks in
hand joints: reliability and validity of
high-resolution peripheral quantitative
CT compared to microCT
A. Scharmga1,2,3* , M. Peters1,2,3, A. van Tubergen1,3, J. van den Bergh1,2,4,5, J. de Jong1,2, D. Loeffen6,
B. van Rietbergen7, R. Weijers6 and P. Geusens1,3,5

Abstract

Background: To study the reliability and validity of high-resolution peripheral quantitative CT (HR-pQCT) with
microCT (μCT) as gold standard in the visual detection of cortical breaks in metacarpophalangeal (MCP) and
proximal interphalangeal (PIP) joints.

Methods: Ten cadaveric fingers (10 MCP and 9 PIP joints) were imaged by HR-pQCT and μCT and visually analyzed
by two independent readers. Intra- and interreader reliability were evaluated for the presence (yes/no, kappa statistics)
and the total number (intraclass correlation coefficient, ICC) of cortical breaks. Sensitivity, specificity, positive and
negative predictive value (PPV respectively NPV) of HR-pQCT in detecting cortical breaks were calculated.

Results: With HR-pQCT, mean 149 cortical breaks were identified and with μCT mean 129 (p < 0.05). Intrareader
reliability for the presence of a cortical break per quadrant was 0.52 (95 % CI 0.48–0.56) and 0.71 (95 % CI 0.67–0.75) for
HR-pQCT and μCT, respectively, and for the total number of cortical breaks 0.61 (95 % CI 0.49–0.70) and 0.75 (95 % CI 0.
68–0.82). Interreader reliability for the presence of a cortical break per quadrant was 0.37 (95 % CI 0.33–0.41) and 0.45
(95 % CI 0.41–0.49) for HR-pQCT and μCT, respectively, and for the number of cortical breaks 0.55 (95 % CI 0.43–0.65)
and 0.54 (95 % CI 0.35–0.67). Sensitivity, specificity, PPV and NPV of HR-pQCT were 81.6, 64.0, 81.6, and 64 %
respectively.

Conclusion: Cortical breaks were commonly visualized in MCP and PIP joints with HR-pQCT and μCT. Reliability
of both HR-pQCT and μCT was fair to moderate. HR-pQCT was highly sensitive to detect cortical breaks with μCT
as gold standard.

Keywords: Imaging, Computed tomography, Hand, Bone, Rheumatoid arthritis

Background
Peri-articular cortical breaks are one of the characteristic
features of bone involvement in rheumatoid arthritis (RA)
and predictors of further radiographic progression [1, 2].
Early detection of cortical breaks is an important indicator
for intensifying treatment in order to modify the disease
course [3]. In daily clinic, conventional radiographs (CR)

are considered the gold standard for detection of cortical
breaks in the hand joints in rheumatic diseases. CR is
widely available, fast to perform, relatively cheap, and
extensively validated, however its sensitivity to detect
structural bone changes is low compared to computed
tomography (CT), MRI and ultrasound [4–7]. A novel,
sensitive imaging technique is High-Resolution peripheral
Quantitative Computed Tomography (HR-pQCT) [8].
HR-pQCT allows analysis of the cortical and trabecular
microarchitecture of peripheral bones with an isotropic
resolution of 82 micrometer (μm). This technique is
now also applied for 3D assessment of the bone
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Infection after anterior spinal fusion for idiopathic scoliosis
using the Cotrel-Dubousset-Hopf system: A clinical case
series of three patients
Jaap J. Tolk, MD,1 Paul C. Willems, MD, PhD,2 Ilona M. Punt, PhD,2 Lodewijk W. van Rhijn, MD, PhD,2 AndrŽ van Ooij, MD, PhD3

1M‡xima Medical Centre, Department of Orthopedic Surgery, Eindhoven, the Netherlands, 2Maastricht University Medical Centre, Department of Orthope-
dic Surgery, Maastricht, the Netherlands, 3VieCuri Medical Centre, Department of Orthopedic Surgery, Venlo, the Netherlands

Abstract
Background
Three patients with late-onset infection after multilevel instrumented anterior spinal fusion for idiopathic scoliosis,
using the Cotrel-Dubousset-Hopf (CDH) system, are presented. The CDH-system is an anterior instrumentation
with high biomechanical stability and rigidity, ensuring a stable primary fixation. Unlike after posterior spinal fu-
sion, infection after anterior spinal fusion (ASF) for idiopathic scoliosis has rarely been reported.

Methods
The files of three patients who developed an infection after ASF for scoliosis using the CDH-system, were re-
viewed. The clinical presentation and diagnostic and therapeutic options are discussed.

Results
All three patients had a late-onset infection of the CDH-system, which was difficult to diagnose because of nonspe-
cific symptoms. Radiographs and technetium bone scan appeared to be of low value. When an abscess was present,
this could accurately be diagnosed with MRI or CT imaging. Operative treatment with implant removal and antibi-
otic therapy was successful in all cases.

Conclusion
Late onset infections after ASF using the CDH-system presented with few and nonspecific symptoms. The clinical
presentation was mainly characterized by vague abdominal- or back-pain after an interval of normal postoperative
recovery, moderately raised infection parameters and inconclusive findings with imaging modalities. As treatment,
implant removal, debridement and parenteral antibiotics are recommended. It should be noted though that implant
removal poses serious risks for vascular and visceral structures.

keywords: scoliosis, anterior spinal fusion, infection, cotrel-dubousset-hopf system

volume 10 article 2 doi: 10.14444/3002

Introduction
For surgical correction of idiopathic scoliosis, an an-
terior, posterior, or combined approach can be used.
The anterior approach, as developed by Dwyer1 and
modified by Zielke,2 is considered to be suitable for
deformity correction in lumbar and thoracolumbar
curves based on the idea that scoliotic deformity aris-
es from the anterior vertebral column.1,2,3 In 1995,
Hopf et al.4 presented the Cotrel-Dubousset-Hopf
(CDH) system as an anterior spinal fusion (ASF) in-
strumentation with high biomechanical rigidity and
stability, ensuring a primarily stable fixation.3,4,5 This
system consists of stainless steel blocks that are at-

tached to the lateral side of the vertebral body, with
two cancellous screws. A 6 millimetre (mm) rod is in-
serted into the posterior slots of the vertebral blocks,
rotated to correct the scoliotic curve and a 4 mm an-
terior rod is implanted to maintain the correction.3,4

An interbody bony fusion is always added.

Studies by Hopf et al.3 and Benli et al.4 reported the
use of the CDH-system for anterior thoracolumbar
scoliosis correction in 16 and 26 patients with an id-
iopathic scoliosis respectively. Complications were
rare and no infections were reported during a mean
follow-up of 26.5 and 32.8 months, respectively.3,4 In
general, infection after ASF for idiopathic scoliosis is
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Abstract
Purpose: This study will present the histological findings of biopsies 
acquired from the medial and lateral part of the proximal tibia during 
the W/M serrated osteotomy in patients with infantile Blount’s 
disease. It is hypothesized that the medial metaphyseal area of the 
proximal tibia will present a different ossification pattern compared 
with the lateral area.

Methods: Patients (n = 4) were included prospectively. During two 

unilateral and two bilateral W/M serrated osteotomies, biopsies of 
the medial and lateral cortex of the proximal part of the serrations 
were taken. The specimens were fixated in formalin, decalcified, 
embedded in paraffin, sections (5 μm) were acquired and stained 
with hematoxylin/eosin or Safranin-O to determine the presence 
of glycosaminoglycans. All specimens were evaluated by light 
microscopy.

Results: From the medially obtained specimens, all showed 
presence of endochondral ossification. Intra-cortical chondrocyte-
rich areas as well as presence of multiple irregular growth arrest 
lines were identified. Normal cortical and trabecular bone histology 
was observed in all lateral specimens.

Conclusions: In conclusion, in patients with infantile Blount’s 
disease intra-cortical endochondral ossification was only found in 
the medial part of the metaphysis. This may reflect the clinical tibial 
vara deformity in Blount’s disease in which increased mechanical 
load on the medial metaphysis causes failure of normal ossification.

Keywords
Blount’s disease, Tibia vara, Osteotomy, Infantile, Histology, Aetiology

when conservative treatment with plaster correction has failed. 
The aetiology of infantile Blount’s disease is probably multi-
factorial. Associations are found between Blount’s disease and the 
Afro-Caribbean race, early walking age and obesity [3-5]. Genetic 
predisposition is suggested and mechanical loading on the physis 
is often implicated [4,6,7]. Radiologically, morphologic changes 
are classified by Langenskiold and colleagues which is based on 
age and severity of the down sloping of the medial epiphysis [8].

Macroscopic findings in the tibia on Magnetic Resonance Imaging 
(MRI) in cases of Blount’s disease show a thicker layer of epiphyseal 
cartilage and increased height of the medial meniscus in the medial 
compartment [9,10]. These macroscopic findings may reflect the 
compensation of the diminished height of the ossified part of the medial 
epiphysis, amongst others caused by increased biomechanical stress 
[9,10]. Histopathological abnormalities of the proximal medial high 
tibial condyle are described in infantile and late-onset Blount’s disease 
and consist of densely packed islands of hypertrophic chondrocytes, 
areas of acellular cartilage matrix and abnormal clusters of capillaries 
[11-13]. The disorganization and misalignment of the medial physeal 
zones might indicate asymmetric compressive and shear forces causing 
suppression and deviation of normal endochondral ossification in both 
the medial area of the metaphysis and corresponding epiphysis [1]. 
These alterations cause progression of the varus deformity for as long as 
blockage of ossification is present and the bone continues to grow in the 
lateral part of the growth zone [14].

Most histopathological studies are on late onset cases of 
Blount’s disease and do not compare the medial with the lateral 
aspect of the proximal tibia. It is hypothesized that the medial 
metaphyseal area of the proximal tibia will present a different 
ossification pattern compared with the lateral area. In this study 
the histopathological findings in the medial metaphysis in cases 
of infantile Blount’s disease are described and compared with the 
lateral side of the metaphysis.

Methods
Between November and October 2013, specimens (n = 6) were 

taken from the proximal metaphysis of four patients (2 unilateral, 

Introduction
Blount’s disease (also known as tibia vara or osteochondrosis 

deformans tibiae) is characterized by tibial bowing, torsion and 
beaking of the posteromedial proximal tibia and involves the 
epiphysis, physis and metaphysis [1-3]. Infantile Blount’s disease 
manifests between the age of four and ten years with progressive 
pain and laxity for which early surgical correction is recommended 
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Evaluating the Immobilization Effect of Spinal Orthoses Using
Sensor-Based Motion Analysis
Inez Curfs, MD, Willemijn van Rooij, MD, Rachel Senden, PhD, Bernd Grimm, PhD, and Wouter Van Hemert, PhD, MD

ABSTRACT
Introduction: External spinal orthoses are commonly used in treating spinal disorders. The purpose of a spinal orthosis is to
relieve pain and reduce spinal motion. Despite the widespread use of spinal orthoses, evidence of their efficacy is lacking, and
there is no literature comparing different types of orthoses with regard to objective measurements of the immobilization effect
on the thoracolumbar spine.
Aim: The aim of this study was to evaluate and compare movement reduction and comfort of four types of thoracolumbar or-
thoses on the normal motion using inertia sensor-based motion analysis (IMA).
Methods: Ten healthy volunteers were asked to perform five tasks of daily living without an orthosis and with four different types
of orthoses. Motion analysis was performed using IMA. Comfort and subjective immobilization were analyzed by a questionnaire.
Results: All gait parameters were comparable in the different conditions. During the sit-to-stand (STS) test, the maximum an-
gular bending rate was significantly impaired by all orthoses compared with the unbraced condition. During the block-step test,
significant differences were found in pelvic obliquity for braced conditions. The bending angle was significantly reduced during
the flexion and extension test for all orthoses. Wearing an orthosis showed significantly larger pelvic obliquity during latero-
flexion compared with the unbraced condition. In a subjective analysis using the questionnaire, the bandage scored best, and
the Jewett scored worst in comfort and movement restriction.
Conclusions: All orthoses influence spinal movement during several daily tasks as was shown by IMA. The most rigid orthoses
provided the most movement restriction, but simultaneously scored worse in comfort. The choice for a certain brace
should be based on individual patient characteristics and diagnosis because of the experienced differences in impairment
and comfort. (J Prosthet Orthot. 2016;28:23–29.)

KEY INDEXING TERMS: spine, treatment, orthosis, motion analysis

External spinal orthoses are commonly used in treating
spinal disorders, such as osteoporotic or traumatic frac-
ture, spondylolysis, and in postsurgical stabilization.

The main goal of a spinal orthosis is to relieve pain and reduce
spinal motion. It is designed to allow optimal restoration of the
spine to a condition where it can effectively resume its purposes,
such as load transfer, protection of the spinal cord, and move-
ment in three planes. A spinal orthosis has five main functions:
to serve as a psychological reminder and to offer total contact,
three-point pressure, endpoint control, and elevated pressure.1

Several types of spinal orthoses are available, all of which
have special mechanical considerations, variable prices (range,
€62.00–605.83), and differences in comfort. Every spinal ortho-
sis uses some degree of three-point pressure to maintain the

desired position. Orthoses that use pads give excessive pressure
on a localized part of the body (e.g., the Jewett brace). Few or-
thoses achieve endpoint control, which gives a firm grasp of
the proximal (thorax) and distal (pelvis) spinal region of interest.
Elevated intra-abdominal pressure reduces the net force applied
to the spine and reduces some of the stress placed on the spine
itself.1 Total contact between the orthosis and the wearer results in
an equal distribution of pressure and good control. However, as the
spine is surrounded by skin and soft tissues, complete immobiliza-
tion will never be pursued, especially in obese patients. Besides of-
fering control and pressure, an orthosis serves as a kinesthetic
reminder to limit motion or adapt movements to unload the spine.
A soft and a rigid orthosis may be equally effective for this purpose.

Despite the widespread use of spinal orthoses in clinical prac-
tice, evidence of their efficacy in the treatment of several spinal
conditions is lacking. Only a few studies have investigated the
capacity of spinal orthoses to immobilize. Hashimoto et al.2

studied the effect of rotational swing in low back pain during
golf with sensor-basedmovement analysis and showed that lum-
bar extension and rotation angles are decreased in braced condi-
tion during golf swing, whereas hip rotation is increased.

Sato et al.3 evaluated the long-term effect of a lumbar ortho-
sis in patients with chronic low back pain and found that pa-
tients treated with corset had less pain and increased muscle
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Letter to the Editor on “What Do Scottish
Patients Expect of Their Total Knee
Arthroplasty?”

To the Editor:

With great interest we read the article “What Do Scottish
Patients Expect of Their Total Knee Arthroplasty?” by Smith et al.
The authors are to be complimented with this article, which con-
tributes to the insight in what patient think is important in their
recovery after total knee arthroplasty (TKA).

In the patient expectation field poor measurement methods are
often used [1], and validated, common, and comparable instruments
should be used [2]. The authors seem to acknowledge this, as they
point out their use of “a recognized, validated, and nonmodified ques-
tionnaire to assess patient expectations” as one of the strengths of
their study [3]. We agree the Hospital for Special Surgery (HSS) knee
arthroplasty expectation survey probably is the best measurement in-
strument available [2,4]. Some comments on the authors' interpreta-
tion of the results of this instrument have to be made though.

Patient expectations have been defined as “anticipations that
given events are likely to occur during or as a result of medical
care” [5], and expectations regarding treatment result are defined
as “outcome expectations” [1]. When measuring outcome expecta-
tions, as the authors of this article aim to do, 2 different dimensions
can be distinguished as described by Kravitz [6]. They can either be
value based, that is, what does a patient consider important or
probabilistic; what does the patient think is the most likely result
of treatment [6]. Value expectations are thought to be more
emotionally driven, reflecting desire, hopes, and wishes, whereas
probability expectations are more cognitively driven, that is, beliefs
that something will occur. In TKA patients these constructs can be
distinguished and are often not aligned [7]. There is a tendency to
higher value expectations in TKA patients, when compared to prob-
ability expectations, and it is suggested that the higher a perceived
probability is, the agreement with value expectations increases [8].

Of the questionnaire the authors used, the HSS knee arthro-
plasty expectations survey, 2 versions are available, measuring
different constructs [4,9].

For this study, the authors used the original version of the HSS
knee arthroplasty expectations survey, developed by Mancuso
et al [4]. This questionnaire is designed to measure value-based
expectations; the question of the survey is “How important are
these expectations in the treatment for your knee?” [4] A second
version published by the same authors is designed to measure
probability-based expectations; what does the patient or doctor
realistically expect to be the outcome of the treatment? [9]

In our view, it is important to distinguish these 2 dimensions of
outcome expectations because this influences correct interpretation
of questionnaire results. When interpreting these different con-
structs correctly, the statement the authors make “it would seem
likely that the preoperative educationwould change patients under-
standing about what a TKA can achieve and therefore their expecta-
tions” is not necessarily true. Although these constructs are related,
the knowledge that something is likely or unlikely to occur after the
treatment does not necessarily mean this changes the importance it
has to the patient. This goes for the qualification “unrealistic expec-
tations” as well; if an outcome is less likely to occur, this does not
mean the importance it has to the patient is unrealistic. The report

of value expectations in their article is very relevant though because
this can guide preoperative education to make sure most attention
goes to the items that are most relevant to the patient. When
measuring expectations to guide realistic patient education, it is
advisable to use a questionnaire measuring probability-based expec-
tations. We recommend clearly defining the construct measured and
the theoretical framework it derives from, tomake accurate interpre-
tation of the results possible.

Jaap J. Tolk, MDa,*
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aDepartment of Orthopedic surgery
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Response to Letter to the Editor on “What Do
Scottish Patients Expect of Their Total Knee
Arthroplasty?”

In Reply:

We thank the authors for their letter and the positive comments
on our article.

We agree with them completely that there is a difference in
value expectationsdwhat is “important” to patientsdand
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3Biomaterials in treatment  
of orthopedic infections
T.A. van Vugt*, J.A.P. Geurts*, J.J. Arts*, N.C. Lindfors†

*Maastricht University Medical Centre, Maastricht, The Netherlands
†University of Helsinki, Helsinki, Finland

3.1  Orthopedic implant-related infections

In the past decades a major increase in the usage of orthopedic implants is seen. Most 
of these implants are used for bone fixation in (orthopedic) trauma surgery or for total 
joint arthroplasty in orthopedic surgery [1,2]. In trauma surgery, internal and external 
fixation devices are used for temporary fixation to treat fractures, and these devices 
can, if needed, be removed after consolidation of the fractured parts. In orthopedic 
surgery, these implants are generally used for total joint arthroplasty in patients with 
irreversibly damaged joints to relieve them from pain and increase their functionality, 
for instance, due to osteoarthritis.

Implant-related infections are unfortunately a common seen complication. The 
infection rates of these procedures vary from less than 1% in primary total arthro-
plasty procedures to 5% in revision surgery and even up to 16% in trauma surgery 
after severe open fractures [3–5]. Implant-related infections are associated with high 
morbidity, high mortality, and high costs because these kind of infections are difficult 
to treat [6]. Major difficulties in treatment of these infections are the protective bio-
films formed on the surface of the orthopedic implants by microorganisms resulting 
in natural defence against antibiotics and the natural host response. Thereby, local 
compromised host defence mechanisms and the existence of local compromised tis-
sue leading to poor vasculature and ischemia also cause treatment difficulties [7–9].

Improper or delayed treatment of these implant-related infections could lead to 
chronic infection of the bone, chronic osteomyelitis [10]. This chronic osteomyelitis 
can be localized in a small part of the bone, but it can also affect the bone marrow, 
periosteum, and local soft tissues. Due to the presence of the inflammatory processes 
bone necrosis, destruction of trabeculae and destruction of the bone matrix occur and 
vascularity is obliterated which leads to ischemia [7–9]. The necrosis of these different 
tissues leads to avascular dead bone, called sequestra, where microorganisms can har-
bor despite different forms of antibiotic therapies [11]. Just like the implant-associated 
infections, chronic osteomyelitis is often associated with microorganisms protected 
by a biofilm layer. These biofilm layers frequently form on the surface of dead bone 
and the sequestra, which creates an intrinsically resistance for conventional antibiotic 
therapies up to 800-fold compared to planktonic microorganisms [12,13].

Antimicrobial therapy of implant-related infections and chronic osteomyeli-
tis should have antibacterial effects against surface-adhering, slow-growing, and 
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4S53P4 bioactive glass
D.J. Hulsen*, N.A. van Gestel†, J.A.P. Geurts*, J.J. Arts*,†

*Maastricht University Medical Centre, Maastricht, The Netherlands, †Eindhoven University 
of Technology, Eindhoven, The Netherlands

4.1  Introduction

Bioactive glasses (BAGs) are synthetic bone graft substitutes that have been inves-
tigated extensively in the past decades. BAGs are bone-bonding, osteoconductive 
materials, and they are used for various clinical applications. S53P4 is a specific 
composition of BAG that is the main topic of this chapter, in which its development, 
working mechanism, effect on angiogenesis, antibacterial effect, and current clinical 
applications are discussed in detail. Although BAGs can also be manufactured as 
microspheres, fibers, and porous implants, the focus of this chapter is on BAG in 
common granular form.

In the early 1970s, Hench investigated phase diagrams for ceramics in order to 
design the first compositions of bone-bonding glass-ceramics [1]. A selected com-
position (45S5) was proven to develop a hydroxyapatite (HA) layer in in vitro test 
solutions (Fig. 4.1). This material was subsequently investigated in vivo and shown 
to bond strongly to bone, thereby proving the hypothesis. In the following years, the 
nature of the bone–glass bond and the responses of other tissues to the material were 
studied extensively. BAGs were proven nontoxic to tissue, and they formed a bond 
to the host bone that was reported equal to or greater than the strength of the bond 
between HA and bone [2–6].

Directly after the first findings of Professor Hench, other research centers started 
with the development of similar materials. In the 1980s, various possible BAGs with 
a wide range of compositions were designed at Åbo Akademi and the University of 
Turku, Finland. These different compositions were investigated by Andersson et al. 
on their in vivo and in vitro behavior, their surface reactions, and their acceptance in 
bone [7–9].

Andersson developed a mathematical approach to describe bioactivity of glasses 
in terms of glass composition [10]. Based on the results of these studies, S53P4 was 
selected as the glass that was both most suitable and most interesting for clinical 
use. S53P4 BAG has a nominal oxide composition of (wt%/mol%) 23.0/22.7 Na

2
O, 

20.0/21.8 CaO, 4.0/1.7 P
2
O

5
, and 53.0/53.9 SiO

2
. Clinically used granules of this glass 

are manufactured by melting the oxides and dissolving silica into the melt. The ob-
tained bulk glass is then crushed, and the particles are sieved to obtain granules of 
the desired size. S53P4 granules gained European approval for orthopedic use as a 
bone graft substitute in 2006 and are today manufactured as BonAlive® (BonAlive 
Biomaterials Ltd., Turku, Finland).
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*Maastricht University Medical Centre, Maastricht, The Netherlands,  
†Zuyd University of Applied Sciences, Heerlen, The Netherlands

5.1  Osteomyelitis

Osteomyelitis, the infection of bone tissue, is probably the most severe complications 
in orthopedic and trauma surgery. The disease itself is probably as old as the exis-
tence of vertebrates, especially since its occurrence has been demonstrated in dino-
saurs and Neanderthals [1–3]. Also its symptoms, disease progression, and eventual 
treatment have been described in ancient- (Egyptian, Greek, Roman, and Mayan) and 
late-  renaissance literature (Paracelsus, Paré, and Scultetus) [2,4,5].

However, Longmore made one of the first reports on osteomyelitis in “modern 
era” literature, where he described it as a complication after gunshot wounds in the 
American civil war, with the initial focus at the morphological changes of the diseased 
bone [6]. The possible bacterial cause of osteomyelitis (a micrococcus, later described 
as Staphylococcus aureus) was identified in 1883 by Becker (group of Robert Koch) 
[7]. They were also the first to culture S. aureus and to use it in an experimental osteo-
myelitis in which they inoculated animals with bone fractures with the cultured bacte-
rium, resulting in pus formation and animal death within 14 days after inoculation [7]. 
These early studies already indicated the relation between foreign objects in the soft 
and bony tissue and the development of an osteomyelitis.

5.2  Prostheses, osteosynthesis, and infection

Current medical practice concerning orthopedic and trauma surgery uses prostheses 
and osteosynthesis on a daily basis to restore joint function or reconstruct bone defects, 
respectively. There is a broad collection of implantable devices, which all are relatively 
large foreign objects, being implanted in the patient for either the stabilization and 
fixation of bones or to maintain the movement of the body. Currently there are prosthe-
ses available for the hip, knee, ankle, shoulder, elbow, wrist, finger, and toe. Fixation 
devices like screws, plates, and wires are mainly used in trauma surgery. Intervertebral 
body spacers and intramedullary nails are examples of implants for stabilization.

Orthopedic prostheses and fixation devices (including intramedullary nails) are 
mostly made of titanium, cobalt chrome, or stainless steel alloys, while ultra-high- 
molecular-weight polyethylene (UHMWPE) or ceramics are used for the articulating 
surface in order to minimize wear and friction.
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PMMA beads and spacers for local 
antibiotic administration
J.A.P. Geurts, G.H.I.M. Walenkamp
Maastricht University Medical Center, Maastricht, The Netherlands

10.1  History

Historically, bone cement was developed and used for the first time more than 
100 years ago by Themistocles Gluck (1870) when he obtained fixation of an ivory 
total knee replacement by cement made of plaster and colophony [1]. Only several de-
cades later, cement that resembles modern, commercially available bone cement was 
developed by people as Otto Rohm, Degussa, and Kulzer; the latter two patenting the 
polymerization mechanism of methyl methacrylate when adding a coinitiator such as 
a tertiary aromatic amine (1943) [2]. In the orthopaedic field, Sir John Charnley was 
the first to describe the use of polymethylmethacrylate (PMMA) as a way of fixing an 
endoprostheses (total hip replacement) to bone [3,4].

Also, as soon as antibiotics were discovered and became more and more availa-
ble, people looked at ways of administering these antibiotics locally to prevent and 
eradicate infection.

In infection treatment, one was looking at ways to get a high local concentration of 
antibiotics in order to kill as much bacteria remaining after the debridement as possi-
ble. This has led to development of several different “carriers” like antibiotic-loaded 
beads, fleeces, pellets, etc. [5].

Bone cement and antibiotics “came together” when Buchholz demonstrated in 
1972 that bone cement was capable of releasing various substances (residual mono-
mer, CuS) in a sustained manner. In a pilot study, he mixed four heat stable antibiotic 
powders with bone cement and showed that all but tetracycline were released for at 
least 2 weeks in concentrations surpassing the bactericidal threshold [6].

10.2  Rationale and pharmacokinetics of antibiotic-
loaded PMMA

PMMA or bone cement is the result of mixing the liquid monomer methylmethacry-
late with the powder polymer. In an exothermic reaction, these components form a 
network of new PMMA chains. Before mixing, all sorts of substances can be added, 
for instance, antibiotics. These will then incorporate in between the PMMA chains 
and can be released by diffusion, when the PMMA absorbs water, a process which is 
determined by the hydrophobicity of the cement [7].

10
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Chris Arts and colleagues at Maastricht University Medical Centre (Maastricht, the Netherlands) have developed and tested innovative 
radiopaque ultra-high molecular weight polyethylene (UHWMPE) wires for the treatment of early onset scoliosis. Intended to eliminate 
revision surgeries associated with treatment of the condition, Arts et al believe that adoption of the technology could drastically reduce costs 
for institutions, and lessen the psychosocial burden of multiple surgeries on patients. Their project is part of a collaboration between private 
industry, the government of the Netherlands, and a number of Dutch universities. In this special feature for Spinal News International, they 
describe the process of developing the technology, the journey to US Food and Drug Administration (FDA) 510(k) approval, and their hopes 
for the future adoption of UHWMPE cables. 

Early onset scoliosis is a complex 3D spinal de-
formity with an overall prevalence of 2-3%.1 The 
trunk becomes deviated from its normal plane of 

symmetry, inducing a lateral curvature and rotation of the 
vertebrae. Deformities of the spinal column can severely 
limit patient activity, compromising life expectancy and 
quality.2 Early onset scoliosis is a common disease with an 
overall prevalence of 0.47–5.2% in the current literature.3 
The female-to-male ratio of patients ranges from 1.5:1 to 
3:1, increasing substantially with age. Method of treatment 
is based on age, curve magnitude and risk of progression, 
and aims to keep curves under 50° at maturity. Treatment 
options for progressive idiopathic scoliosis in a growing 
child are limited to: 
1. Observation: Recommended for immature patients with 

spinal deformity curves of less than 25°. 
2. Orthotic bracing: Recommended for immature patients 

with progressing spinal deformity curves between 25° 
and 50°. 

3. Surgery: Recommended if the spinal deformity has a 
curve of 40° to 50°, or when swift curvature progression 
is evident. 

Standard surgical treatment of early 
onset scoliosis
Surgical treatment of early onset scoliosis is challeng-
ing due to the incomplete development of both the spine 
and thoracic cavity. Spinal fusion in young patients can 
result in a halt to spinal development, and thoracic cavity 
size and growth, with a subsequent detrimental effect on 
lung development.4,5 Underdevelopment of the lungs may 
ultimately lead to lung insufficiency syndrome, and is 
associated with increased morbidity and mortality.5 Cur-
rent treatment methods for early onset scoliosis therefore 
rely on periodical surgical procedures to lengthen the 
implanted posterior metal rods. Such surgical procedures 
are risky for patients due to comorbidities, are associated 
with high costs, and can negatively affect patient quality 
of life. Although spinal correction is achieved through 
surgery, serious limitations on both materials and correc-
tion procedures prevent optimal deformity correction in 
adolescent patients.6,7 

Titanium cables and laminar wires have elastic 
behaviour that may result in cable fracture, offering less 
than optimal strength. These cables and wires also have 
a tendency to grind into the bony structure of the spine. 
Another major setback is the inability to repeatedly adjust 
cable tension during surgery. 

Correction for rotational deformity is procedurally 
very difficult. Moreover, loss of correction over time with 
laminar wiring systems is a reported clinical problem. 
Conventional growing rods still require surgical lengthen-
ing procedures at six-to-eight month intervals. This places 
a huge physical and psychosocial burden on patients, 
while generating enormous healthcare costs. Furthermore, 
a definitive fusion procedure will be required upon reach-
ing skeletal maturity. 

BMM Spineguide project
In 2008, the Ministry of Economic Affairs in the 
Netherlands started a public-private funding scheme 
entitled BMM (BioMedical Materials) with a budget of 
€90m. One of the supported projects, BMM Spineguide, 
was a cooperation between DSM Biomedical, 

Eindhoven University of Technology, Maastricht 
University Medical Centre and Twente University, 
all based in the Netherlands. A new growth-guidance 
system and surgical technique for the treatment 
of early onset scoliosis was developed through 
BMM Spineguide between 2010 and 2014, using a 
construction of metal rods and constructions made 
with Dyneema Purity fibres. The system is intended 
to provide 3D deformity correction over time, whilst 
preserving spinal mobility and allowing for growth.

Conceptually, placing an “internal brace” (Figure 1) 
in the form of a metal rod linked to a construction of 
radiopaque UHMWPE sublaminar wires (Dyneema 
Purity, DSM) per spinal level would allow the spine 
to grow longitudinally in a growth guidance construct 
while also maintaining curve correction. After 
completion of growth or adequate curve correction, 
removal of the implanted devices should yield a flexible 
spine with reduced deformity. 

Radiopaque ultra-high molecular weight 
polyethylene 
Our team replaced metal sublaminar wires with UH-
MWPE wires. Due to the smooth surface properties of 
their fibres, it was hypothesised that superior growth 
results could be attained with the cables, as compared to 

metal wires. Other shortcomings of metal wires—such 
as the inability for re-tensioning and the occurrence of 
damage to soft tissues during wire changes—would 
also be addressed. Radiopaque UHMWPE sublaminar 
wires can be used to fix the affected vertebrae within the 
deformity to a posterior metal rod. 

Roadmap to 510(k) approval
The FDA granted 510(k) clearance for the radiopaque 
UHMWPE sublaminar wires in 2015, following exten-
sive testing to determine strength, growth allowance, 
biocompatibility and optimal surgical technique.

Strength
The novel radiopaque UHMWPE sublaminar wires were 
extensively tested and compared to titanium sublaminar 
wires (Atlas, Medtronic). Results indicated that the coef-
ficient of friction between a rod and UHMWPE cables is 
indeed lower than that between a rod and metal cables. 
Subsequently, in both mechanical test and animal models 
we have proven that the combination of metal rods and 
constructions made with Dyneema Purity fibres are able 
to allow longitudinal growth. 

Optimal knotting technique, tensile strength, fatigue 
strength, wear particle accumulation and performance 
of instrumentation in animal cadaveric spine segments 
have all been determined by earlier in vitro tests.11 
Dynamic tensile fatigue testing on UHMWPE sublaminar 
wires—including knotting technique—revealed a fatigue 
strength far superior to other sublaminar wires (1550N, 
run-out five million cycles, as compared to 300N or 
less for metal wires). Increased fatigue strength allows 
a reduced number of levels to be instrumented without 
compromise to the long-term integrity of the sublaminar 
wires. Compared to the titanium cables used earlier, these 
UHMWPE cables offer lower friction, increased tensile 
strength and superior fatigue strength.

Growth allowance
Due to the smooth-surface properties of the UHMPWE 
wire and low coefficient of friction, sliding of the wires 
along the rods is possible, thus allowing for longitudinal 
growth. Proof of longitudinal growth allowance was 
established in two animal studies (Figure 3).8,9

Development of radiopaque UHWMPE   sublaminar cables for early onset scoliosis
From idea to 510k approval

Figure 1 [A]: Schematic dorso-ventral view of a healthy and right convex scoliotic spine. [B]: Schematic 
overview of 3D correction mechanisms in idiopathic scoliosis; distraction in the concave area will result 

in correction of the frontal curve. Red arrow indicates the rotational correction. Black arrows indicate the 
translation correction. [C]: Proposed clinical solution in adolescent EOS patients: posterior approach showing 

metal rods (black) placed in a longitudinal direction along the spine and fixed with pedicle screws (red arrows) as 
well as radiopaque UHMWPE cables (blue) per vertebral body segment.

Figure 2 [Right]: 4mm-wide radiopaque UHMWPE 
sublaminar wire and the double-loop sliding knot with 

extra pass used to secure the wire. [Left]: Scanning 
Electron Microscope clearly show homogeneous 

distribution of Bismuth Tri-oxide (20% weight addition) 
particles used as radiopacifier.
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Development of radiopaque UHWMPE   sublaminar cables for early onset scoliosis
From idea to 510k approval

Biocompatibility
The wires were tested in vivo for the first time in animal 
models. Since the wires are visible on X-rays, it was 
possible to assess the status and position. Biosafety 
assessment entailing biocompatibility, toxicology and 
oxidation has been demonstrated in vivo and resulted in 
excellent biocompatibility (Figure 4). Barely detectable 
levels of bismuth trioxide have been observed in the 
liver and kidneys, but none has been found in the tissue 
surrounding cable placement.8,9 

Surgical technique
The optimal number of consecutive levels instrumented 
with the UHMWPE sublaminar wires was determined 
in a biomechanical test setup, in which the range of 
motion in flexion/extension, side bending and axial 
rotation can be determined. Based on results in both 
flexion/extension and side bending, it appears that 
instrumentation with UHMWPE is optimal at two 
consecutive end levels. Instrumenting more consecutive 
end levels with the wires does not seem to be beneficial 
in terms of providing additional spinal stabilisation. 
However, growth needs to be anticipated for early onset 
scoliosis patients. 

Dependent on the patients’ age and expected remaining 
growth, extra rod length—or perhaps an extra end level—
should be instrumented, so that two end levels remain 
instrumented even in the case that the UHMWPE wires 
slide off the rod at the most distal or proximal points. 

The safety of surgery using UHMWPE wires is also 
potentially improved, as it eliminates the sharp edges of 
broken metal wires that can harm the patient or surgeon, 
potentially providing safer surgical procedures.

Potential economic savings of the 
procedure
It is hoped that this new surgical instrumentation 
technique will provide a one-step surgical scoliosis 
treatment option—able to preserve 3D deformity 
correction, longitudinal spinal growth and spinal 
mobility, without the need for revision surgery. This 
should dramatically reduce the number of periodic 
surgical procedures. 

As a majority of early onset scoliosis cases are 
of neuromuscular origin, minimising the number of 
procedures per patient is of great interest; overall 
health and quality of life can be improved for these 
patients, while total healthcare costs can be reduced. 

Use of this technology could reduce the amount 
of revision surgeries needed to allow longitudinal 
spinal growth from five to one, freeing up four surgery 
slots. Considering the cost of a single early onset 
scoliosis surgery and rehabilitation is estimated to 
be between €47,000 and €65,000 in the Netherlands, 
total treatment costs could be reduced by €200,000 

per patient. In the USA, estimated costs of the 
primary surgery average US$103,143, with and 
total—potentially avoidable— readmission costs 
averaging US$67,262 per patient.10 Furthermore, this 
reduction in surgeries could also reduce additional 
healthcare consumption for physiotherapy and pain 
medication. These advantages should result in a fast 
implementation of this surgical technique, both inside 
and outside the Netherlands. 

Although the present proposal focuses on the 
application for early onset scoliosis, we expect that 
there will be widespread clinical applications that 
could include restoration of vertebral deformation in 
osteoporotic patients and in spinal fusion procedures. 

Approximately 38,000 scoliosis patients undergo 
a surgical correction procedure annually in the USA. 
Of these patients, approximately 2.5% suffer from 
neuromuscular disease. The neuromuscular-type 
scoliosis patient group would benefit most from this 
novel surgical technique, but the much larger groups 
of scoliosis and osteoporotic (50% of all females, 
15% of all males) patients undergoing spinal fusion 
procedures (500,000) annually, could also benefit from 
this procedure. 
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Figure 3 [Top]: Direct postoperative (upper) and 24-week postoperative lateral radiograph (lower) of the instrumented sheep spine. Marked growth of the instrumented segment 
has occurred as illustrated by sliding of the most cranial UHMWPE sublaminar wire (red circle). Novel radiopaque UHMWPE sublaminar wires are clearly visible on radiography 

(arrows). [Bottom]: Average growth (cm) and standard deviation values of the experimental group and control group. Both curves show a similar pattern with cessation of growth 
after 24 weeks.9

Figure 4: Histology assessment after 24 months in 
vivo using Mason Goldner stains (Top left and right), 

HE stain (down left and polarised light (down right) 
showing fibrous tissue encapsulation of the UHMWPE 

cable without foreign body giant cells or signs of in-
flammation. No fragmentation of UHMWPE cable was 

observed.8-9 

Figure 5: Four-point bending test setup for the 
application of flexion/extension, lateral bending, and 

axial rotation to multilevel spinal segments. A standard 
material-testing machine applied load to the point 

indicated by the arrow for flexion/extension and lateral 
bending, while the circular arrows represent the pivot 

points. For lateral bending, the spine segment was 
rotated 90°. For axial rotation, torque was applied using 

a metal wire to the left cup. Light-emitting diode markers 
were fixed to each vertebral body, and were tracked 

using a 3D motion-capturing system.11
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Hypothesis
We hypothesize that the forefoot and hindfoot will
compensate for the absence of motion in the MTP1 joint
after a MTP1 arthrodesis.

Results

Patients and Methods
Inclusion criteria:
! A MTP1 arthrodesis for symptomatic

osteoarthritis.
! A minimum follow up of one year.

Conclusion
! This study showed that the forefoot and hindfoot are

responsible for compensation for the rigid hallux after a
MTP1 arthrodesis, and restores the gait pattern.

! As a result, the hallux is less loaded, while the lesser
metatarsals endure higher pressures, which can
possibly explain the disappointing results in the minority
of the patients.
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Background
! A MTP1 joint arthrodesis relieves pain in the majority

of the patients with hallux rigidus, not responding to
conservative treatment.

! An impaired intrinsic ability of the foot to compensate
for the stiff MTP1 joint may possibly explain the
disappointing outcome in the minority of the patients
treated with an arthrodesis.

! The goal of this study is to investigate how the foot
compensates after a MTP1 arthrodesis, in order to
restore the gait pattern.

Gait analysis after arthrodesis of the first 
metatarsophalangeal joint;
Where does the foot compensate?

Gait analysis
! Oxford Foot Model (Oxford, UK), measures range

of motion (ROM) between the hallux, forefoot,
hindfoot and tibia.

! Peak pressures and pressure time integrals
were assessed by using a pressure plate (RS
International, Belgium).

Kinematics
! In midstance, a MTP1 arthrodesis decreased the ROM

of the hindfoot (Fig A) due to decreased eversion of the
hindfoot (Fig C).

! In preswing, a MTP1 arthrodesis increased the ROM in
the forefoot (Fig B) as a result of increased supination
(Fig D).

Plantar Pressure
! Significant increased peak pressures were observed

beneath the lesser toes, MT2-5 and midfoot (Fig E).
! A significant decreased PTI was observed beneath the

hallux, while increased PTI’s were observed beneath
MT4 and the midfoot (Fig F).

Exclusion criteria:
! Arthrodesis other joint in the same foot.
! Patients who requiring help during gait.
! A total knee or hip prosthesis or diabetes mellitus.

MTP 1 
arthrodesis

Healthy 
Control

P 
value

No. of subjects (feet) 8 (10) 12 (21) -
Gait velocity (m/s) 1.179 ± 0.246 1.165 ± 0.186 .867
Step length (m) 0.608 ± 0.078 0.573 ± 0.053 .168



Figure 3. Model validation

Validation relative to 
instrumented spine
(T7 to T12); 3 load cases: 
Torsion, medio-lateral and anterior-posterior bending. [4]

Methods

A generic FE model was developed to represent a full human spine
(Fig. 2). The FE model of spine was validated at motion segment and
the whole spine levels relative to literature data [2, 3]. Both models
were checked for four different load cases: flexion/extension, lateral
bending, axial rotation and compression. The instrumented model
was validated relative to the in-house experiments on porcine spine  
(Fig. 3).

The Effect of Scoliosis Implant Design 
Parameters on Whole Spine Mechanical Behavior
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Introduction

Growth-guidance or self-lengthening rod systems are an alternative
to subcutaneous growing rods for the surgical treatment of early
onset scoliosis (EOS). The main perceived advantage in comparison
to growing rods is the marked decrease in subsequent operative
procedures. Easy placement of sublaminar wires offers surgeons a
valuable alternative to pedicle screws in those technically challenging
cases. Clinical management of scoliosis and the choice of the
treatment strategy are challenging and prone to error. Finite element
(FE) modeling is an effective and efficient pre-clinical tool to simulate
and evaluate different strategies in scoliosis treatment: examine their
efficacy as well as the effect of different implant design parameters
[1].
The goal of this study is to investigate, in a system of rods and
laminar wires, the effect of the number of wires and the pre-stress in
them on whole spine stiffness.

Conclusion

The results indicate that pre-stressing and number of wires have an
effect on whole spine stiffness. The FE model developed in this
study can be used to simulate different treatment strategies and to
improve scoliosis implant designs.
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Methods

To investigate the effect of different design parameters, the scoliotic
whole spine model (Fig 2.) was instrumented from T7 to T12 with
titanium rods and wires. Nonlinear contact properties were defined
for rib neck-vertebra, transverse processes-rib and facet joint sets.
The FE model was loaded in flexion and the whole spine
instantaneous stiffness was calculated for different wire pre-
stressing levels (from 0.1 to 2 MPa, constant for all wires). Similar
analyses were performed with changed numbers of wires. The
middle wire-pairs (left & right) were removed one by one and whole
spine stiffness was calculated.

Results

The results show that, although the motion segment model does not
well capture the non-linear behavior seen in the experiments and
the whole spine model behaves compliant in compression and stiff
in rotational loading modes, their predictions are within the ranges
measured in the experiments. The results show that with increasing
the pre-stress level the whole spine instantaneous stiffness
increases by up to 6% (Fig. 5a). Reducing the number of wires
decreases the whole spine stiffness almost linearly by 5% (Fig. 5b).

Figure 5. Effect of pre-stressing wires (a) and number of wires (b) on whole spine 
stiffness. 

Figure 1. Left: Scoliotic spine. Middle: Current treatment with pedicle screws, metal rods 
and metal sublaminar wires. Right: Proposed growth guidance correction system design 
consisting of metal rod and novel radiopaque UHMWPE sublaminar wires .

Figure 2. FE model of the whole spine and the implant

Figure 4. Validation of motion segment model: extension, flexion, axial rotation and 
lateral bending.



Bioactive glass can potentially reinforce large bone defects
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Introduction: Bioactive glass (BAG) has been studied widely and seems to be a very promising biomaterial in regeneration of large
bone defects and osteomyelitis treatment, because of its bone bonding and antibacterial properties[1]-[5]. Potentially, it could also
mechanically reinforce large defects, thus making it suitable for load-bearing applications. However, the mechanical properties of the
reconstructive layer and its dependence on BAG:bone allograft mixture composition are unknown. 
In this study, we measured the mechanical properties of different impacted BAG/bone graft mixtures. Then these properties were
used in micro-Finite Element (FE) patient-specific models to investigate whether these mixtures could restore mechanical properties
of large bone defects.
Materials and Methods: Five different S53P4 BAG/bone graft mixtures were impacted in a cylindrical holder, mechanically tested
in confined compression and scanned with micro-CT. From these images, the mixture was identified by its three phases: bone, glass
or interface region. Micro-Finite-Element (FE) models of the composites were made using a Young’s modulus of 2.5 GPa for bone and
35 GPa for BAG. The Young’s modulus for the interface region was determined by fitting experimental and micro-FE results for the
same specimens.
High-Resolution peripheral quantitative CT scans of a 9 mm region of the distal tibia of seven subjects were used for studying the
reinforcement potential. Micro-FE models of this region were made to determine its stiffness in the original state, with a simulated
cortical defect, and after that a mixture of BAG/bone or BAG alone was simulated in the defect.
Results: The confined compression tests showed a strong dependence of the Young’s modulus of the BAG/bone composite on the
amount of BAG, ranging from 116.7±18.2 to 654.2±35.2 MPa. The micro-FE results could fairly reproduce these measured moduli,
when using a stiffness of 25 MPa for the interface layer (R2=0.678, see Figure 1).

Figure 1. The Young's Modulus measured in the experiment versus predicted by the model after fitting the interface stiffness, for the
different BAG contents.
Micro-FE analyses of the cortical defect demonstrated that the stiffness of the tibial segment would be significantly reduced by 16±4 %
with the defect. Simulating treatment with the BAG or a BAG/bone mixture could restore the stiffness to 105±9 % and 102±8% of its
original value, respectively (Figure 2).
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Clinical results using bioglas in osteomyelitis - initial dutch experience
Jan Geurts1, Jacobus Arts1 and Timothy Vranken1
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Introduction: Currently, the gold-standard treatment of osteomyelitis (infection of bone) is a two-step procedure. Initially , the
bone is debrided and gentamycine-loaded beads are left to fill the defect en deliver a high dose of local antibiotics. In a second stage
beads are removed and the bony defect filled with autologous bone or another available bonefiller.
Recent innovations have led to a new biomaterial : bioactive glass (BonAlive®, BonAlive, Turku, Finland), which allows a one-stage
treatment. We are reporting on our initial expercience with this biomaterial in the largest series to date of patients treated in this way
in the Netherlands.

Materials and Methods: Since the end of 2011 twenty consecutive patients with chronic osteomyelitis were treated with bioactive
glass. There were no exclusion criteria. All patients received the same surgical treatment (one-stage) and concomittant antibiotic
therapy according to cultures.
Results and Discussion: To this date we have seen very good results. Eighteen out of the twenty patients had full eradication of
their infection. Also, all chronic fistulae healed and did not recur.There was one complication, a femoral fracture, for which
reoperation was necessary. Radiologically, the bioactive glass fills in the bony defects and can gradually be seen getting incorporated
into the host bone (fig 2).

Conclusion: Bioactive glass is an innovative biomaterial that allows patients with chronic osteomyelitis to be treated in a one-stage
fashion. This greatly reduces morbidity, hospital stay and eventually even total cost of the treatment. More and more literature proof
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Mechanical properties of bioactive glass putty materials
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Introduction: Bioactive glass (BAG) has been studied widely and seems to be a very promising biomaterial in regeneration of large
bone defects and osteomyelitis treatment, because of its bone bonding and antibacterial properties[1]-[5]. Its high stiffness could
potentially also enable mechanical reinforcement of large defects. The loose-granular nature of this material, however, makes it
difficult to handle by the surgeon. Moreover, in previous research we found only sub-optimal mechanical properties for pure BAG
fillings[6]. Recently a BAG putty was developed that is easier to handle. The aim of the current study is to determine the mechanical
properties of this putty and its dependence on composition.
Materials and Methods: Five different compositions of S53P4 putty were tested in mechanical confined compression tests, after
impaction of the samples (n=5 per group). The putty materials all consist of a synthetic binder (matrix: 20 wt% PEG 400, 40 wt%
PEG 1500, 15 wt% PEG 3000 and 25 wt% glycerol), BAG granules (2.0-3.15 mm) and BAG powder (300-500 µm).

 Figure 1.Compositions of the tested materials

Impaction was performed with the use of a custom-made impaction device (providing clinical relevant strains)[7]. After the samples
were equally confined in PMMA chambers, they were subjected to 900 cycles of loading (40 – 850 N) followed by 300 s of rest. From
the recorded displacement – time curves, the Young’s Modulus (elastic behaviour), plastic strains (permanent deformations) and
creep strains (viscous behaviour) were determined and compared for the five compositions[7],[8].
Results and discussion: The results for impactability (measure for the height difference before and after impaction), Young’s
Moduli, creep and plastic strain are shown in Figure 2. Significant differences between the putty compositions were found only for
impactability and plastic strain.

Figure 2. Results of (a) impaction and confined compression tests (b) Young’s moduli representing elastic behaviour (c) Creep strain
representing viscous behaviour and (d) Plastic strain representing permanent deformation behaviour
With an increasing amount of matrix the impactability decreases significantly. It has to be noted that the overall impactability is low,
compared to graft materials such as morsellized cancellous bone or porous titanium[6],[7]. However, these materials are much less
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Identification and evaluation of serum 
snoRNAs as biomarkers for 
musculoskeletal ageing and 

osteoarthritis 

Methods 

Fig 2A. Experimental design using 
C57BL/6 male mice 

Fig 2B. Basic workflow for NGS snoRNA 
library preparation.  

Results and Discussion 

• Ageing and age-related disease in tissues are 
often well-defined, but there is a lack of 
biomarkers available to distinguish and 
characterise age-related or disease associated 
changes in musculoskeletal tissues. 

• We have identified a catalogue of small 
nucleolar RNAs (snoRNAs) that are 
differentially expressed in cartilage ageing and 
osteoarthritis(OA).  

•  SnoRNAs are a class of evolutionary conserved 
non-coding small guide RNAs of which the 
majority directs the chemical modification of 
other RNA substrates, including ribosomal 
RNAs and spliceosomal RNAs. 

• SnoRNAs in addition to microRNAs have been 
identified as biomarkers for several diseases.   

• SnoRNAs have advantages over other types of 
biomarkers in that they are serum stable and 
unlike miRs, serum levels are unaffected by 
haemolysis.  

• A recent study on biomarkers for osteoarthritis 
(OA) progression following anterior cruciate 
ligament (ACL) injury identified snoRNAs U38 
and U48 were significantly elevated in serum of 
patents developing cartilage damage following 
ACL injury. 

• We believe that the ribosomes translational 
capacity alters with age and OA due to 
dysregulation of expression and function of 
specific snoRNAs, thereby contributing to the 
development of the OA chondrocyte phenotype. 

• Profiling the expression patterns of snoRNAs in 
ageing and OA may comprehend their 
functional significance in the development and 
progression of age-related musculoskeletal 
diseases such as OA, and provide diagnostic 
and therapeutic targets. 

Validation undertaken with qRT-PCR on dependant/independent cohort 3. 

2. 

Tissue parameters No. snoRNAs 
expressed 

Young normal joint 1171 
Old normal joint 1286 
DMM joint 1218 
Sham joint 1068 
Young serum 597 
Old serum 646 
DMM serum 591 
Sham serum 498 

Young vs old 
joint 

Young vs old 
serum 

sham vs DMM 
joint 

sham vs DMM 
serum 

Old joint vs 
DMM joint 

Old serum vs 
DMM serum 

Number DE 6 26 5 17 14 57 
 3 3 0 7 1 23 
 3 23 5 10 13 34 

1. 

Table 1. SnoRNAs expressed in joint and serum  

Table 2. Differentially expressed (DE) SnoRNAs following RNASeq ( higher in 
second condition) 

• Reads  mapping percentages for joint libraries were 
between 12 ~ 29%, and for serum libraries 0.03 ~ 
0.9% highlighting the low expression of serum 
snoRNAs.  

• Between 42 ~ 53% of the 1555 mouse snoRNA 
reference sequences were aligned for joints and 
16~26% for serum samples.  

• Catalogue of snoRNAs in mouse joint and serum for 
first time. 

• Snord116 expression previously identified as increased in OA 
cartilage. 

• Loss of Snord116 in mice leads to Prader-Willi-like reduction in  
bone mass phenotype; OA is associated with increased bone 
formation.   

• Snord116 age and OA related.  

• There was an increase in 
snora64 in both old DMM 
serum and joints.  

• Serum changes may be joint 
related. 

• We previously identified a 
reduction in U3 expression in 
human OA cartilage. 

• There is evidence that U3 and 
U13 (pre-rRNA cleavage) levels 
are dysregulated in OA 
chondrocytes. 

• Accompanied by impaired mature 
rRNA availability. 

b 

c 

d 

• U13 previously increased 
in OA cartilage. 

• Here increased in ageing 
and OA joint. 
 

This study suggests serum snoRNAs may serve as novel biomarkers for the detection and assessment of OA and joint ageing. 

a 

Joint  



Results & Discussion
The fast binder dissolution rates and an increasing Young’s
modulus within the first day (not significant), can be
determined from the figures above. In addition, a volume
loss > 30% of the total volume of the BAG putty was
observed. The assessed Young’s moduli are lower than
observed in earlier studies, but an increasing modulus
indicates dissolution of the binder and compression of
BAG granlus only1,5.

Conclusion
In case of load-bearing bone defect grafting the volume
loss of the BAG putty is very disadvantagous, because it
will decrease the stability of the graft layer already short
after implantation. Therefore, it should be concluded that
BAG putty in its current formulation is not applicable in
load-bearing bone defect grafting procedures.

Bioactive glass putty
This is a bone graft substitute material that contains two
sizes of S53P4 Bioactive glass (BAG) granules and a
synthetic binder (PEG and glycerol) to form an injectable
material that is easy to shape.
In an earlier study, the mechanical properties of BAG putty
were assessed in dry conditions, to explore the possible
application in load-bearing bone defect grafting1. The
current study aims to study this possible application in wet
conditions and focuses on the binder dissolution rate and
Young’s modulus over time, to gain insight into the long(er)
term stability of the graft material.

In vitro model: submersion in simulated
body fluid
This model, involving simulated body fluid (SBF), has been 
used to test the bioactivity of BAG before2-4. During the
sample submersion (up to three weeks), the Young’s
modulus was determined over time at predifined time 
points. In addition, micro computed tomography (microCT) 
images were obtained to quantify the binder content over 
time, both in static and dynamic conditions. The different 
structures were segmented from the obtained images 
based on their different attenuation coefficients. 

The behaviour of bioactive glass
putty in physiological conditions
N.A.P. van Gestel1,2, G. Adriaans3, K. Ito1,2,4, J.J. Arts1,3, S. Hofmann1,2,5 & 
B. van Rietbergen1,3

1) Department of Biomedical Engineering, TU/e, 2) Institute for Complex Molecular Systems, TU/e, 3) Department 
of Orthopaedic Surgery, MUMC+, 4) Department of Orthopaedics, UMCU, 5) Institute for Biomechanics, ETHZ.
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Storage in between
confined compression

tests

5 samples:
- Static conditions
- In SBF
- 37°C

Storage in between
microCT scans

5 samples:
- Static conditions
- 37°C
- In SBF

5 samples:
- Dynamic conditions

(Spinner flask: 60 
rpm)

- In SBF
- 37°C

confined
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Differential expression of snoRNAs in chondrogenic differentiation 
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Figure 1. A: Within the mammalian ribosome there are 4 structural rRNAs: 5S, 5.8S and 28S in the large subunit 
and 18S rRNA in the small subunit. B: snoRNAs regulate the post-transcriptional maturation of rRNAs, and 
therefore ribosome biogenesis. Two major classes of snoRNAs can be distinguished: box C/D and box H/ACA 
snoRNAs. By means of rRNA sequence complementarity, these snoRNAs post-transcriptionally methylate or 
pseudouridylate specific rRNA nucleotides. C: As chondrogenic differentiation is associated with a high demand 
of protein synthesis, we hypothesize that chondrocyte translational capacity is supported by snoRNA-mediated 
post-transcriptional fine tuning of rRNAs. 
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Chondrogenic differentiation and cartilage homeostasis requires a high cellular 
translational capacity to meet the demands for extracellular matrix (ECM) 
production. Box C/D and H/ACA snoRNAs guide post-transcriptional 2’-O ribose 
methylation and pseudouridylation of specific rRNA nucleotides, respectively. 
How specific rRNA modifications influence rRNA function is poorly 
documented, but they are thought to tune rRNA folding, rRNA catalytic activity 
and interaction with ribosomal proteins. We hypothesize that chondrocyte 
translational capacity is supported by snoRNA-mediated post-transcriptional 
fine-tuning of rRNAs.  
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Our data show that increased demand for translational capacity during chondrogenic 
differentiation is associated with differential expression of snoRNAs, potentially 
controlling ribosome fidelity via site-specific rRNA-modifications. These data enable 
us to determine the role of individual snoRNAs in tuning the chondrocyte’s 
translational properties and current efforts focus on confirming site-specific rRNA-
modifications and to determine their biological relevance.   
 

Figure 2. A: ATDC5 progenitor cells were 
chondrogenically differentiated, 
resembling mature and mineralizing 
chondrocytes after 7 or 14 days, 
respectively.  
B: Chondrogenic differentiation was 
confirmed as shown by an upregulation 
of the chondrogenic markers Sox9 and 
Col2a1 and the hypertrophic markers 
Runx2 and Col10a1. 
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Figure 3. A: UBF-1 (rRNA 
transcription), fibrillarin (box C/D 
methyltransferase) and dyskerin 
(box H/ACA pseudouridylase) 
displayed highest fold induction at 
day 5/6 in differentiation. B: 
Ribosomal RNA content per cell was 
increased at day 7, but not at day 14 
in differentiation. These data 
indicate that ribosome biogenesis 
adapts to the chondrocyte’s 
differentiation status. 

Figure 4. A/B: RNA-Seq of RNA species <200 nt revealed expression of at least 224 individual snoRNAs. Due to 
initiation of chondrogenic differentiation (∆t0-t7), 21 snoRNAs were differentially expressed (DE; FDRadj-
p<0.05, logFC>1 or <-1, 14 box C/D, 7 box H/ACA). Hypertrophic differentiation (∆t7-t14) caused 23 snoRNAs to 
be DE (16 box C/D, 7 H/ACA). When comparing t0 with t14, 43 snoRNAs were found to be DE (33 box C/D, 10 
box H/ACA). 

Figure 5. To anticipate on the biological 
relevance of DE snoRNAs, their rRNA 
target nucleotides were plotted in human 
18S (A), 5.8S and 28S rRNA (B) secondary 
structures. This revealed that DE snoRNAs, 
amongst others, target nucleotide 
modifications in the 18S decoding center 
(DC) and the 28S peptidyl transferase 
center (A/B: helices contained within the 
black circles). A: Snora40 was DE, 
targeting helix 27 in 18S rRNA. Helix 27 
controls DC function. B: Helix 68 of 28S 
rRNA is part of the ribosome’s E-site, 
therefore, DE snord36c and snora31 
(targeting helix 68) could potentially alter 
translation characteristics. As a final 
example we found snord46 to be DE 
(target: helix 69 of 28S rRNA). Mutations 
in helix 69 have been shown to severely 
affect cell viability. 
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Snora40 targeting helix 27 is ↑ in t14 vs. 
t7: helix 27 controls 18S decoding centre 
function 

A/B. Adapted from Ribovision 

Helix 68 of 28S rRNA is part of the 
ribosome’s E-site. Differentially expressed 
Snord36c (↓ in t7 and t14 vs. t0) and 
Snora31 (↑ in t7 vs. t0) could potentially 
tune translation by targeting helix 68  
 

Snord46  targeting helix 69 : ↓ in t7 and 
t14 vs. t0. Mutations in helix 69 have 
shown to affect cell viability 
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Mechanical properties and 
degradation behavior of 
bioactive glass putty
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Bioactive glass
S53P4 bioactive glass (BAG) is used, in granular form, to
treat chronic bone infections (osteomyelitis), which often
affects load-bearing lower extremities. Previously, BAG
granules were shown suitable for load-bearing applications,
when used in well-confined defects[1]. However, surgeons
experienced inconvenient handling properties of these loose
BAG granules. Therefore, a synthetic binder has been
developed to keep the BAG granules together and to serve
as an injectable and mouldable putty.
Goal of the study
As the binder may affect its mechanical properties, the goal
of the current study was to explore the load-bearing capacity
of five different putty formulations, taking degradation into
account for the assessment of the long-term stability.

Confined compression
Determination of the mechanical properties[2]

Five different putty formulations were subjected to
1. Impaction
2. Confined compression

Micro computed tomography
Determination of the degradation behavior
Putty formulations were
o Submerged in simulated body fluid (SBF) in bioreactors
o MicroCT scanned over time
o Stored in 37°C, 5% CO2, dynamically or statically

Results
o Decreased loading capacity with increasing binder

content[2]

o Degradation, by dissolution, of the binder material within
24 hours  Too fast to be able to ensure mechanical
stability

o Substantial volume decrease of the graft layer due to the
binder dissolution

a) Biomedical Engineering, Eindhoven University of Technology, NL
b) Institute of Complex Molecular Systems, Eindhoven University of Technology, NL
c) Institute for Biomechanics, Eidgenössische Technische Hochschule Zürich, CH
d) Orthopaedics, University Medical Centre Utrecht, NL
e) Orthopedic Surgery, Maastricht Univeristy Medical Centre, NL

Binder (PEG 300, PEG 1500, PEG 300 and glycerol)
Bioactive glass granules (0.3-0.5 mm)
Bioactive glass granules (2.0-3.15 mm)

Corrected for partial
volume effect at 

boundaries

Discussion and Conclusion
Load-bearing applications of the current putty material are
only possible if
o Low binder content to enable direct contact between

the granules
Or
o Elimination of the binder by impaction during

implantation

Future research
Focus on the development of a less fast dissolving binder.
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Hypothesis
We hypothesize that DEH and osteochondromas
are histologically identical.

Results

Methods and patients
Ø Tissue samples of two patients with confirmed

DEH were compared to those of two age and
gender matched patients with Hereditary
Multiple Osteochondromas (HMO).

Ø (Immuno)histochemistry was performed for
identifying:
Ø Collagen type II (Articular cartilage)
Ø Collagen type X (Hypertrophic chondrocytes)
Ø Sox9 (Proliferative chondrocytes)
Ø Safranin-O (Proteoglycans)

Discussion
Ø This study showed several major histological
differences between DEH and osteochondromas,
resulting in rejection of our hypothesis.

Ø These results, together with the previous reported
difference in incidence, clinical presentation, location
of appearance and genetic inheritance insinuate a
different aetiology between DEH and
osteochondromas1-3.

ØFurther studies are necessary to strengthen this
evidence and elucidate the pathogenesis of DEH.
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Background
Ø Dysplasia Epiphysealis Hemimelica (DEH, also

known as Trevor’s Disease) is a rare
developmental disorder resulting in overgrowth of
the epiphysis of long bones.

Ø Although differences in incidence, clinical
presentation and location of appearance exist
between DEH and osteochondromas, DEH is often
described as an ‘epiphyseal osteochondroma’ or
an ‘osteochondroma-like lesion’, suggesting a
common aetiology1-3.

Ø The aim of this study was to investigate whether
DEH and osteochondromas are, as said in
literature, histologically identical diseases.

Dysplasia Epiphysealis Hemimelica: a histological 

comparative study with osteochondromas
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Ø Case DEH: Boy, 3 years, progressive pain in his
left knee. Evident swelling at the lateral side of his
left knee. Radiography confirmed diagnosis of DEH

Osteochondroma DEH
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ØSafranin-O: Proteoglycans were detected in both
DEH and osteochondromas. Osteochondromas show
characteristics of the normal growth plate, while
cartilage in DEH shows disorganised cell clusters.

ØCollagen type II: Both osteochondromas and DEH
show faint expression in the extracellular matrix.
Collagen type X: Pericellular expression was
detected in osteochondromas, while no expression
was observed in DEH.

ØSox9: Nuclear expression of Sox9 was detected in
hypertrophic (and a few proliferative) chondrocytes
in osteochondromas, while expressed in all
chondrocytes in cell clusters in DEH.

A) Pre-operative  anteroposterior  radiograph  of  the  left  knee;;  B) Pre-operative  coronal  
T2W  MRI  scan;;  C) Pre-operative  sagittal  BFFE  CART  MRI  scan.
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Figure 3. Mechanism of action. The antibacterial property of S53P4 is related to a high 
pH induced by the dissolution process at the surface of the glass.  

Methods 

Since the end of 2011 twenty consecutive patients with 
chronic osteomyelitis were treated with bioactive glass. 
There were no exclusion criteria. All patients received 
the same surgical treatment (one-stage debridement 
and filling of the defect with bioactive glass) and 
concomitant parenteral antibiotic therapy for six weeks, 
according to cultures taken during surgery. All wounds 
were closed primarily. 

Clinical results using bioactive glass in 
osteomyelitis - 

Initial Dutch Experience 
 Geurts J, Vranken T, Arts JJC. 
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Introduction 

Currently, the gold-standard treatment of osteomyelitis 
(infection of bone) is a two-step procedure. Initially, the 
bone is debrided and gentamicin-loaded beads are left 
to fill the defect and deliver a high dose of local 
antibiotics (Fig. 1). In a second stage, when the infection 
is resolved, beads are removed and the bony defect 
filled with autologous bone or another available bone 
filler. 

Recent innovations have led to a new biomaterial : 
bioactive glass S53P4 (BonAlive®, BonAlive, Turku, 
Finland)(Fig. 2). As this biomaterial has osteostimulative 
as well as antibacterial properties (Fig. 3), it allows a 
one-stage treatment. We are reporting on our initial 
experience with this biomaterial in the largest series to 
date of patients treated in this way in the Netherlands. 
 

Conclusion 

Bioactive glass is an innovative biomaterial that allows 
patients with chronic osteomyelitis to be treated in a 
one-stage fashion. This greatly reduces morbidity, 
hospital stay and eventually even total cost of the 
treatment. More and more literature proof supports this 
biomaterial as an alternative for the classic two-step 
procedure and could therefore lead to a new approach 
in treatment of chronic osteomyelitis. 

Results 

To this date we have seen very good results. Eighteen 
out of the twenty patients (90%) had full eradication of 
their infection, for a minimum of one year. Also, all 
chronic fistulae healed and did not recur. There was 
one complication (not related to the bioactive glass 
itself), a femoral fracture, for which reoperation was 
necessary. Radiologically, the bioactive glass fills in the 
bony defects and can gradually be seen getting 
incorporated into the host bone (Fig. 4). 

Figure 2. Example of bioactive glass granules. 

Figure 1. Bony defect filled with temporary gentamicin-loaded beads. 

Figure 4. Bonalive® granules filling distal tibial defect. Gradually they are incorporated 
in the surrounding bone (left : immediate postop, right : 27 months postop) 



Table 1. Baseline characteristics of the total study population  

Methods 

We conducted a retrospective cohort study comparing a 
treatment cohort that received one-stage debridement 
surgery, S53P4 bioactive glass implantation and 
systemic antibiotics (“treatment group”) with a control 
group that received two-stage debridement surgery, 
antibiotic-loaded PMMA implantation and systemic 
antibiotics. All patients with chronic osteomyelitis in long-
bones, who received one of two treatment algorithms, 
from 2006 until 2015 in our institution were included. All 
hospital-related costs from start of diagnosis until one 
year after surgery were clarified and compared. Patient 
outcomes were eradication of infection based on blood 
analysis, x-ray imaging and clinical outcomes. 
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effective in treatment of patients with chronic 
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Introduction 

Current gold-standard treatment of osteomyelitis 
(infection of bone) is still a two-step procedure, involving 
significant morbidity, hospitalization and costs. Recent 
innovations have led to a new biomaterial : bioactive 
glass S53P4 (BonAlive®, BonAlive, Turku, Finland)(Fig. 
1). As this biomaterial has osteostimulative as well as 
antibacterial properties, it allows a one-stage treatment. 
Good clinical results and low complication rates have 
already been reported. In this study we evaluated the 
cost-effectiveness of S53P4 bioactive glass in 
comparison with the classic two-stage treatment 
protocol. 
 

Conclusion 

This study, for the first time, shows a clear cost-
effectiveness of S53P4 bioactive glass in the treatment 
of chronic osteomyelitis (figure 2.). The cost-
effectiveness ratio shows a substantial cost saving per 
successfully treated patient. The major part of these 
costs savings are due to a reduction in hospitalization, 
number of surgeries and surgery costs. 

Results 

A total of 42 patients are included in this study, based 
on treatment : 17 patients were allocated to the 
treatment group and 25 to the control group. These 
groups were not significantly different at baseline (table 
1). We observed a decrease in hospitalization days of 
14 days (p<0,001) and the number of surgeries 
decreased from 2,3 to 1,3 (p<0.001). Despite the higher 
material costs (S53P4 versus gentamycin beads), we 
observed total costs of €18.944,63 in the treatment 
group versus €27066,69 in the control group (so a 
reduction of €8122 per case). Eradication of infection 
was seen in 94% (16 of 17) of patients in the treatment 
group compared to 76% (19 of 25) in the control group 
(p=0,098). The combination of the total costs and the 
success rates of these two treatments result in an 
incremental cost-effectiveness ratio (ICER) of              
€-44.554,38 /successfully treated patient. 

Figure 1. Example of bioactive glass granules. 

Table	  1:	  Baseline	  characteristics	  of	  the	  total	  study	  population	  

	   Total	  
	  Treatment	  cohort	  
(S53P4)	  

Control	  cohort	  
(PMMA)	   p-‐value	  

Patients	   42	   17	   25	   	  
Gender	  (M/F)	   30/12	   12/5	   18/7	   0.594	  
Age,	  mean	  (years)	  [range]	  	   51.3	  (SD=17.2)	   51.9	  (SD=20.8)	   50,9	  (SD=	  14.8)	   0.573	  
BMI	  (kg/m2)	  [range]	   25.8	  (SD=4.8)	   25.9	  (SD=6.0)	   25,9	  (SD=3.9)	   0.985	  
Smoking	  (Y/N)	   14/28	   4/13	   10/15	   0.220	  
Previous	  Surgeries	   2.3	  (SD=3.3)	   1.8	  (SD=2.6)	   2,7	  (SD=3.7)	   0.646	  
Time	  to	  surgery	  (months)	  	  
[range]	  

5.9	  (SD=7.7)	   3.8	  (SD=3.3)	   7,3	  (SD=9.4)	   0.223	  

	  

Figure 2. Cost-effectiveness plane shows results clustered in south-east quadrant, 
meaning new treatment is more effective and less costly 
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Methods 

We conducted a retrospective cohort study comparing a 
treatment cohort that received one-stage debridement 
surgery, S53P4 bioactive glass implantation and 
systemic antibiotics (“treatment group”) with a control 
group that received two-stage debridement surgery, 
antibiotic-loaded PMMA implantation and systemic 
antibiotics. All patients with chronic osteomyelitis in long-
bones, who received one of two treatment algorithms, 
from 2006 until 2015 in our institution were included. All 
hospital-related costs from start of diagnosis until one 
year after surgery were clarified and compared. Patient 
outcomes were eradication of infection based on blood 
analysis, x-ray imaging and clinical outcomes. 
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Methods
In this prospective longitudinal outcome study, clinical applicability of 
S53P4 bioactive glass in treatment of patients with chronic 
osteomyelitis was assessed. All patients with clinically, 
haematologically and radiologically evident chronic osteomyelitis 
were included. All patients were treated with an extensive 
debridement surgery, S53P4 bioactive glass implantation and 
systemic antibiotic administration. Primary endpoint of this study is 
eradication of infection. During follow-up eradication was analysed 
based on clinical outcomes, blood samples (inflammatory 
parameters) and radiological outcomes. The secondary endpoint, 
bone healing, is assessed using conventional radiographic images of 
the treated region.

S53P4 bioactive glass is clinical effective in one-
stage surgery in treatment of chronic 

osteomyelitis
van Vugt TAG, Geurts J, Arts JJC.
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Introduction
Chronic osteomyelitis is historically treated
in atwo stagefashion with antibiotic-loaded
polymethylmethacrylate (PMMA) as local
antibacterial therapy. However, two-stage
surgeries are associated with high
morbidity, long hospitalization and high
treatment costs. In recent years new
biomaterials were developed that allow to
change this treatment algorithm. S53P4
bioactive glass is such a novel
biodegradable antibacterial bone graft
substitute that enables a one-stage surgery
in local treatment of chronic osteomyelitis.
This study aimed to explore the eradication
of infection and bone healing capacities of
S53P4 bioactiveglass in clinicalpractice.

Conclusion
Based on the results of our clinical experience, S53P4 bioactive
glass can successfully be used in a one-stage procedure for
treatment of chronic osteomyelitis. Eradication of infection was
successful in almost all patients and so far no patients required a
second surgery due to infection recurrence. Bone healing
(incorporation of the bioactive glass) was seen in all patients except
for the patients with aninitial infectednon-unionfracture.

As a consequence of these results, we changed our institutional
protocol for treatment of chronic osteomyelitis to a one-stage
approach instead of a two-step approach.

Results

Between 2011 and 2016, 25 patients were included
in this study, with a mean follow-up of 23 months
(range 4 – 57). Hospital stay was short with a
mean of 18 days (range 4 – 40) and patients
required an average of 1,4 surgeries (range 1 – 4).
The inflammatory parameter C-reactive protein
(CRP) showed a normalization after a mean
duration of 46 days (range 0 – 211). At the end of
follow-up haematological and clinical outcomes
showed eradication of infection in 24 (96%) of all
patients. Radiologically none of all patients showed
persisting signs of infection and bone healing was
observed in 22 (88%) patients based on changes
on conventional radiographic images. One patient
had a persistent infection without any bone
healing, this patient had an infected non-union
prior to surgery. There were two other patients with
an initial infected non-union fracture which was not
consolidated at last follow-up, although they had
successful infection treatment. Another patient had
a femoral fracture after surgery that needed
additional surgery which did not interfere with
eradication of infection. Four (16%) of all patients
had initial wound healing problems related to
compromised skin and/or soft tissue prior to
surgery.

Table 1: Baseline characteristics of included patients 
Number of patients 25 
Male/female ratio 20/5 
Age( yrs) , mean [range] 52,0 [14 -77] 
BMI (kg/m2), mean [range] 26,7 [16,3 – 

43,6] 
Smoking Y/N (%) 7/18 (28%) 
Pathogenesis 
(Trauma/Surgery/Haematogenous/Other) 14/3/6/2 

Location 
(Tibia/Femur/Other) 13/8/4 

Draining sinus tract, Y/N (%) 10/15 (40%) 
Previous surgeries, mean [range] 2,9 [0 – 10] 
Time diagnosis to surgery (mnths), mean 
[range] 11,7 [0,2 – 46,0] 

 
	

Table	2:	Post-operative	results	
Follow-up	(months),	mean	[range]	 22,6	[6	–	54]	
Hospital	stay	(days),	mean	[range]	 17,9	[2	–	40]	
Surgeries	(amount),	mean	[range]	 1,4	[1	–	4]	
Antibiotic	treatment	duration	(days),	mean	[range]	 	
Bone	defect	size	(cc),	mean	[range]	 24,3	[3	–	80]	
Wound	healing	problems,	Y/N	(%)	 4/21	(16%)	
Prolonged	wound	leakage	(>14days),	Y/N	(%)		 1/24	(4%)	
	 	
Eradication	of	infection,	Y/N	(%)	 24/25	(96%)	
Bone	healing,	Y/N	(%)	 22/3	(88%)	
Complications,	(Y/N)	 4/21	(16%)	

Minor	 3		
Major	 1		
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Formation of silica gel and precipitation of 
calcium phosphate on bioactive glass surface

Release of ions that increase pH and osmotic 
pressure of the microenvironment of the granules

Na
Ca
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NaOH
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Na

Inhibition of bacterial growth

Staphylococcus

Pseudomonas

Upon implantation the surface reactions 
start on the bioactive glass S53P4 granules

Calcium phosphate crystallises to
natural hydroxyapatite

Hydroxyapatite layer will initiate 
osseointegration and thereafter the 

osteostimulative process
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Figure 1: An illustration of the surface reactions of bioactive glass after implantation. When bioactive glass is implanted in a septic bone
defect it will exchange alkali from the glass surface with the hydronium in the surrounding microenvironment, which will increase the local
pH.The release of ions of the glass surface will also increase the osmotic pressure locally. A silica gel layer will be formed near the glass surface
to which amorphous calcium phosphate precipitates and subsequently will crystallise into natural hydroxyapatite. The hydroxyapatite will
induce the osteostimulative effect by activating osteogenic cells.This figure was kindly provided by BonAlive Biomaterials Ltd.

phosphate ions are released from the surface and increase
the local pH and osmotic pressure. Thereafter, a silica gel
layer is formed on the glass surface, and amorphous calcium
phosphates precipitate on this layer.These amorphous struc-
tures then crystalize to natural hydroxyapatite, which starts
the activation of osteoblasts for the formation of new bone
[7–9]. This mechanism of action is illustrated in Figure 1.
Because of the continuous reactions and layer formation, the
glass will finally be absorbed [7, 8].The surface reactions not
only are beneficial for the formation of new bone but also
ensure that bioactive glass contains antibacterial properties
and potentially promotes angiogenesis [10–17].

Various compositions of bioactive glasses have been
developed because of their composition-dependent promis-
ing bone forming properties, antibacterial properties, and
degradability. This review focuses on S53P4 bioactive glass
(BonAlive Biomaterials Ltd., Turku, Finland), with the spe-
cific composition (by weight) of 53% SiO2, 4% P2O5, 23%
Na2O, and 20%CaO [8, 9].This composition is used increas-
ingly in clinical practice in various bone graft applications
and in treatment of osteomyelitis. S53P4 bioactive glass is
indicated to facilitate and stimulate bone formation and bone
defect healing and to have an antibacterial effect in various
applications [9]. S53P4 bioactive glass is mostly used in
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Uitnodiging

Op vrijdag 3 juni 2016 organiseert MUMC+ in samenwerking met de andere
regionale opleidingsziekenhuizen van ROGO Zuid een basiscursus Total Knie
Prothesiologie (TKP) voor arts assistenten orthopaedie. Het doel van de cursus is
om kennis te maken met de theorie achter de TKP en de basisvaardigheden van 
het implanteren van een TKP. Naast de convencionele operatietechniek worden 
computer navigatie en MRI/CTbased individuele zaagmallen geÏntroduceerd.

Jaarlijks worden er in Nederland ongeveer 26.000 knieprotheses geplaatst. De
operatie behoort tot de dagelijkse praktijk van een orthopedisch chirurg. Plaatsen
van een TKP is een zeer complexe ingreep en vraagt om zeer goed gefundeerde
kennis. Ter voorkoming van complicaties behoeft deze ingreep veel oefening want
een tevreden patiënt is uiteindelijk het beste resultaat. Gezien het inzicht en de
ervaring die vereist zijn voor het plaatsen van een TKP mogen in veel ziekenhuizen
de assistenten pas vanaf de 3e jaar van de opleiding deze ingreep verrichten. Om
assistenten in opleiding beter voor te bereiden op de implantatie van een TKP zal 
er in het MUMC+ een basiscursus Totale Knie Prothesiologie gegeven worden.

In het eerste theoretische deel van de cursus worden er voordrachten 
gepresenteerd over de anatomie van de knie, de operatietechniek, de theorie 
achter het design van een knieprothese en alle voorkomende problematiek bij 
plaatsing van een TKP. In het tweede praktische deel mogen de assistenten op 
4 kadavers onder begeleiding opereren, daarna mogen ze oefenen op saw-bone 
modellen om kennis te maken met de nieuwste technieken. 

De cursus wordt mede mogelijk gemaakt door Depuy Synthes, ZimmerBiomet, 
Smith & Nephew.
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10.30 - 10.45 Koffie/thee pauze

10.45  - 11.00 Mobile vs fixed bearing  Patrick Deckers, Zuyderland Heerlen

11.00  -  11.15  Traditionele uitlijning vs navigatie  Pieter Emans, MUMC+

11.15  - 11.30  Met of zonder patella?  Peter Feczko, MUMC+

11.30 - 11.45  Pre-operatieve navigatie  Nanne Kort, Zuyderland Sittard

11.45  - 12.00 Positionering van de tibia component  Peter Feczko, MUMC+

12.00  - 12.15  Discussie

12.15  - 13.00  Lunch

13.00 -  13.45  Standbezoek

13.45  - 16.30  Kadaver sessie

16.30    Afsluiting, tegen inlevering evaluatieformulier uitreiking certificaat

Aanmelden

Aanmelden/inschrijven per mail: marieke.prins@mumc.nl.
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