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Abstract
Background: Osteoarthritis is the most frequent chronic joint disease which causes pain and disability of especially
hip and knee. According to international guidelines and the Dutch general practitioners guidelines for nontraumatic knee symptoms, acetaminophen should be the pain medication of first choice for osteoarthritis.
However, of all prescribed pain medication in general practice, 90% consists of non-steroidal anti-inflammatory
drugs compared to 10% of acetaminophen. Because general practitioners may lack evidence showing a similar
efficacy of acetaminophen and non-steroidal anti-inflammatory drugs, we present the design of a randomized
open-label trial to investigate the efficacy of a non-steroidal anti-inflammatory drug (diclofenac) compared with
acetaminophen in new consulters with knee osteoarthritis in general practice.
Methods/Design: Patients aged 45 years or older consulting their general practitioner with non-traumatic knee
pain, meeting the clinical American College of Rheumatology criteria, and with a pain severity score of 2 or higher
(on a 0-10 scale), will be randomly allocated to either diclofenac (maximum daily dose of 150 mg) or
acetaminophen (maximum daily dose of 3000 mg) for 2 weeks and, if required, an additional 1-2 weeks, with a
total follow-up period of 12 weeks. The primary outcomes are knee pain measured with a daily diary, and pain and
function measured with the Knee Injury and Osteoarthritis Outcome Score (KOOS) at baseline, and at 3, 6, 9, and
12-weeks follow-up. Secondary outcomes are patients’ perceived recovery, quality of life, medical, patient, and
productivity costs, compliance to therapy, co-interventions, and adverse reactions.
Discussion: The successful completion of this trial would lead to a better understanding of which medication
should be used in the treatment of primary care patients with mild knee osteoarthritis.
Trial registration: Dutch trial registry NTR1485.

Background
Osteoarthritis (OA) is the most frequent chronic joint
disease causing pain and disability of especially hip and
knee [1]. For most patients the general practitioner (GP)
is the initial caregiver and may provide advice and/or
pain medication. International guidelines and the Dutch
GP guidelines for treating non-traumatic knee symptoms recommend acetaminophen as medication of first
choice in the management of OA pain [2-4]. However, a
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prospective cohort of first consulters with non-traumatic
knee symptoms in 40 Dutch general practices showed
that GPs prescribed pain medication in 27% of these
patients, 90% received non-steroidal anti-inflammatory
drugs (NSAIDs) and only 10% received acetaminophen
(Belo JN, Berger MY, Koes BW, Bierma-Zeinstra SMA:
Medical treatment and medical consumption in adults
with nontraumatic knee complaints in general practice.
Submitted).
Despite general consensus that acetaminophen has a
better safety profile, there may be insufficient evidence
for the efficacy of acetaminophen in mild OA to
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convince GPs that NSAIDs should be avoided as first
choice medication. Indeed, a systematic review of 15
randomized clinical trials (RCTs; median length 6
weeks) on the comparative effectiveness of NSAIDs versus acetaminophen in patients with hip/knee OA
reported that although acetaminophen was more effective than placebo, it provided less pain relief than
NSAIDs [5]. The efficacy of NSAIDs was especially
found in patients with moderate to severe OA, whereas
others report that the efficacy of NSAIDs and acetaminophen is probably similar in patients with mild OA [6].
A limitation of most RCTs is that they seldom include
patients consulting for OA (i.e. new patients) but mostly
prevalent cases already receiving treatment for OA.
Most studies included a highly selected patient group
already using a daily dose of NSAIDs and needing a
wash-out period prior to randomization [7-10]. One
trial reported (not surprisingly) that prior use of
NSAIDs predicted a better response of NSAIDs compared to acetaminophen [8]. Therefore, these latter studies do not represent patients with OA in general
practice, or patients who consult their GP for the first
time with a new episode of complaints.
In view of the lack of trials comparing the efficacy of
NSAIDs with acetaminophen in new consulters with
OA, we designed an RCT to explore whether there is a
clinically relevant difference between diclofenac (an
NSAID) and acetaminophen in new patients with knee
OA in general practice. A pragmatic open-label design
was chosen to approximate GPs’ daily practice and
because patients are aware of the type of prescribed
medication. Secondary aims were to establish: 1)
whether there are predefined predictors of treatment
responders after 4-6 weeks and at 12-weeks follow-up,
and 2) the cost-effectiveness of diclofenac compared to
acetaminophen in patients with knee OA in primary
care over a 12-week period.
Presented below is the protocol of the diclofenac versus acetaminophen trial (DIPA trial), which is registered
in the Dutch trial registry (NTR1485) [11].

Methods/Design
Study design

This study is a pragmatic randomized open-label trial
with a follow-up period of 12 weeks. In this design, the
patients, researchers and GPs are not blinded for the
assigned treatment. The study is approved by the Medical Ethics Committee of the Erasmus Medical Center
(MC).
Figure 1 presents the flowchart of the study.
Inclusion/exclusion criteria

Patients are eligible for the DIPA trial (Table 1) if they
meet all four inclusion criteria: 1) consulting their GP
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Figure 1 Flow chart of the study.

for a new episode of non-traumatic knee pain. A new
episode of knee pain is defined as pain presented to the
GP for the first time, or if a patient did not consult the
GP with these symptoms in the previous 3 months [12],
2) aged 45 years or older, 3) meeting the clinical American College of Rheumatology (ACR) criteria for OA of
the knee [13], and 4) having a pain severity of 2 or
more (on a 0-10 scale).
Patients are excluded if they are: 1) contra-indicated
for NSAID or acetaminophen use, i.e. gastrointestinal
bleedings in history or active, blood dyscrasia, bone
marrow depression (myelosuppression), serious heart
failure, serious liver or kidney disease (glomerular filtration < 30 ml/min), alcoholism, colitis ulcerosa, Crohn’s
disease, sulphite hypersensitivity, asthma, urticaria,
angioedema, nasal polyps or rhinitis after use of acetylsalicylic acid or other prostaglandin synthetase inhibitors, or use of anti-depressive medication (SSRIs), 2)
having an arthroplasty or osteotomy of the knee on the
contralateral or unilateral side, 3) already taking NSAIDs
or acetaminophen at doses similar to or higher than the
study dose, 4) surgery or major trauma of the affected
joint within the previous 6 months, 5) myocardial
infarction or stroke in the last 6 months, and 6) oral use
of a corticosteroid.
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Table 1 Inclusion and exclusion criteria of the DIPA trial.
Inclusion Criteria

Exclusion Criteria

People with a new episode of
non-traumatic knee pain

Contra-indication for NSAID or
acetaminophen

Age ≥ 45 years

Arthroplasty/osteotomy

Comply with the clinical ACR
criteria*

Already on NSAID or acetaminophen
use^

Pain severity scale ≥ 2 on a
11-point numeric rating scale

Surgery or major trauma of affected
knee in previous 6 months
Oral corticosteroid use
Myocardial infarction or stroke in
previous 6 months

*Clinical ACR criteria: Age > 50 years, stiffness < 30 minutes, crepitus, bony
tenderness, bony enlargement, and no palpable warmth. Patients comply with
the clinical ACR criteria if they meet at least 3 of the 6 criteria.
^Excluded are those with a pre-study medication use comparable with the
study dose of diclofenac (≥ 150 mg/day) or acetaminophen (≥ 3000 mg/day)

Patient selection

An academic research network of GPs in the south-west
of the Netherlands agreed to participate and to refer
patients who consult for a new episode of non-traumatic
knee pain to the DIPA trial. The GP takes the patient’s
history and performs the physical examination as part of
the usual daily care. The GP gives study information to
the patient, and sends the patient’s name and information regarding history taking/physical examination by
fax to the research department at Erasmus MC. Within
two days after the GP visit, patients are contacted (by
the researcher), checked for eligibility (in- and exclusion
criteria), and asked for written informed consent. Baseline measurements and randomization then take place.
Randomization

Patients are allocated to the diclofenac or the acetaminophen group using a randomization list (with random
blocks of 4, 6 or 8) produced by a computer-generated
table. The GP is informed about the randomization
results and sends a prescription of the allocated medication to the patient’s pharmacy.
Interventions

Patients are randomly allocated to either diclofenac (maximum daily intake of 3 × 50 mg) or acetaminophen (maximum daily intake of 3 × 1000 mg). Both medications are
prescribed in accordance with the Dutch clinical guidelines for GPs for non-traumatic knee symptoms [2]. The
guideline recommends analgesics for 2 weeks and, if
required, for an additional 1-2 weeks [2]. This is in accordance with the EULAR and OARSI recommendations
[3,4]. Patients in the diclofenac group with an increased
risk of gastro-intestinal problems will also receive a mucosal protector (e.g. omeprazol once daily, 20 mg). Patients
at increased risk of gastro-intestinal problems are 60 years
or older and/or have a serious co-morbidity (e.g.
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rheumatic disease and diabetes mellitus). Patients take
their allocated medication on demand, and can change
their medication intake when their pain level alters. This
leads to an approach that is close to usual daily care.
Outcome measures

The primary outcomes of this study are: 1) pain and
function measured with the Knee Injury and Osteoarthritis Outcome Score (KOOS) [14] and 2) pain assessed
with an 11-point numeric rating scale (NRS) in a diary
[15]. Secondary outcomes are: 1) patients’ perceived
pain measured every 3 weeks on the 11-point NRS [15],
2) patients’ perceived recovery measured on a 7-point
Likert scale (1 = completely recovered; 7 = worse than
ever), 3) constant and intermittent pain measured with
the Intermittent and Constant Osteoarthritis Pain
(ICOAP) questionnaire [16], 4) patients’ quality of life
assessed with the EuroQol instrument EQ-5D [17], 5)
all direct medical, patient and productivity costs measured with the PROductivity and DISease Questionnaire
(PRODISQ) [18], 6) compliance to therapy assessed in
the diary, 7) co-interventions (e.g. changes in doses of
co-medication), and 8) adverse reactions.
Questionnaires

The primary and secondary outcome measurements are
assessed with questionnaires and diaries. During the
study, patients fill out a total of 5 questionnaires (at
baseline and at 3, 6, 9, and 12-weeks follow-up). After
the informed consent and before randomization, the
patient fills out the baseline questionnaire. After the
baseline questionnaire, patients receive a follow-up
questionnaire every 3 weeks.
Five validated instruments are used in all 5
questionnaires.
1) The KOOS measures the functional status of patients
with knee OA [14]. The KOOS consists of 5 subscales:
pain, symptoms, activities of daily living, sport and function, and knee-related quality of life. The Dutch version
of the KOOS is validated and suitable for use in patients
with mild and moderate OA [14]. The KOOS questionnaire is an extension of the Western Ontario and
McMaster osteoarthritis index (WOMAC), and
WOMAC scores of pain and function can be calculated
from the KOOS [19-21]. The WOMAC is recommended
for use in elderly subjects with knee OA [19].
2) The measure of Intermittent and Constant Osteoarthritis Pain (ICOAP) identifies different types of pain
due to OA. The ICOAP is a reliable and valid to measure constant and intermittent pain [16].
3) The 11-point NRS measures the perceived level of
pain intensity (0 = no pain; 10 = worst pain ever)
[22-25]. The NRS is a valid measurement to score pain
intensity level [22].
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4) The EuroQol (EQ-5D) measures quality of life. The
EuroQol is a generic questionnaire and consists of 5
dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression [17]. The EuroQol
allows to evaluate the cost-effectiveness of a healthcare
intervention [26,27] and can be converted into utilities
to calculate Quality Adjusted Life Years (QALYs) [28].
5) The PRODISQ measures all direct medical, patient,
and productivity costs. The PRODISQ consists of 7
modules. In the present study, only modules 1-5 are
used because these questions are related to the individual patient, whereas modules 6 and 7 are utilized by
management. Modules 1-5 cover: 1) demography and
disease, 2) profession, working situation, and income, 3)
absence from work, 4) compensation mechanisms, and
5) productivity costs whilst at work (efficiency loss) [18].
Besides these validated questionnaires, the baseline
questionnaire addresses patient characteristics (age, gender, weight, height, and social status), knee-related characteristics (history and localisation of knee symptoms),
problems at work due to knee problems, and co-morbidities. The four follow-up questionnaires measure
medication use, adverse reactions, medical consumption,
patients’ perceived recovery, and knee-related
characteristics.
Table 2 presents an overview of the questionnaire
items.
Pain diary

During the DIPA trial, patients fill out a diary to score
daily pain (using an 11-point NRS), medication use, and
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compliance. Being a pragmatic trial, patients may
change their medication dosage when pain alters. These
alterations may be important for interpreting the results
of the trial. Therefore, information on compliance to the
allocated treatment is also collected.
Sample size

The sample size is calculated to detect clinically relevant
differences in pain and function between the two groups
(diclofenac versus acetaminophen), measured by the
KOOS during the 12-week study period. To detect a
clinically relevant difference of 10 points (15%) on the
KOOS pain score between the two treatment groups
after 12 weeks, 73 patients per group are needed (power
95%, alpha 0.05, one-sided testing). Based on an
expected 5% loss to follow, 154 patients (2 × 77) should
be included.
Statistical analyses

All analyses will be performed on an intention-to-treat
basis, analyzing all patients in the treatment group to
which they were randomly allocated. Analysis per protocol will also be conducted, analyzing only those patients
that have measures on the primary outcome measurement at both baseline and 12-weeks follow-up. Descriptive data of baseline characteristics will be presented for
both groups to check comparability. Generalized estimating equation (GEE) analysis will be conducted to investigate (longitudinally) the 2, 4, and 6 weeks effectiveness of
diclofenac compared to acetaminophen for pain assessed
with the diary. Differences between the two groups over

Table 2 Overview of questionnaire items.
0 weeks
B.Q.

3 weeks
F.U.Q.

6 weeks
F.U.Q.

9 weeks
F.U.Q.

12 weeks
F.Q.

Diary

X

Demographics
Age, gender, weight, height, and social status

X

Outcome measures
Pain score (NRS)

X

X

X

X

X

Pain score (KOOS)

X

X

X

X

X

Function score (KOOS)

X

X

X

X

X

Perceived recovery
Constant pain, and pain that comes and goes (ICOAP)

X
X

X
X

X
X

X
X

X
X

Quality of life (EuroQol)

X

X

X

X

X

Direct medical, patient, and productivity costs (PRODISQ)

X

Compliance

X

Adverse reactions

X

X

X

X

X

X

X

X

X

X

X

X

Other outcomes
Knee-related characteristics (History, duration, and localisation)

X

Co-morbidities
Medication use

X

Medical consumption (Visit to GP, medical specialist, physical therapist, etc.)

X

B.Q. = Baseline Questionnaire; F.U.Q. = Follow-up Questionnaire; F.Q. = Final Questionnaire; KOOS = Knee Osteoarthritis Outcome Score; NRS = Numeric Rating
Scale; ICOAP = Intermittent and Constant OsteoArthritis Pain; PRODISQ = PROductivity and DISease Questionnaire
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the 12-week follow-up will also be assessed with GEE.
The outcome variables are pain (measured with the
NRS), and pain and function (assessed with the KOOS).
Using GEE, the correlation of multiple measurements
within one patient is taken into account [29].
To detect predictive variables for treatment responders at 12-weeks follow-up multivariate regression analyses will be used. Treatment response is defined based
on the OMERACT-OARSI responder criteria [30,31] as
a high improvement in pain or function of ≥ 50%, or an
improvement on pain ≥ 20%, and/or function ≥ 20%.
In addition, a cost-utility analysis will be performed
that expresses health improvements in QALYs assessed
with the EuroQol. If the course of OA (and its related
costs) appears to fluctuate (particularly if the difference
between treatment arms is not stable over time), an
additional modeling study using a Markov model will be
performed. Statistical methods will be used to describe
uncertainty in costs and effects estimates based on
patient data. A 95% confidence interval for the cost-utility ratio will be calculated and an acceptability curve
presented. In case of a modeling study, a probabilistic
sensitivity analysis will be performed.

Discussion
Recruitment of the 154 patients has started and will end
in 2010. We expect to report study results in 2011. The
successful completion of this trial would lead to a better
understanding of which medication should be used in
the treatment of primary care patients with mild knee
osteoarthritis.
Acknowledgements
The DIPA trial was funded by a grant of Nuts Ohra and by the Department
of General Practice, Erasmus MC, Rotterdam, Netherlands.
Authors’ contributions
SMABZ, BWK, and PAJL conceived the study, developed the trial design, and
contributed to writing the article. AMB contributed to the trial design and to
writing the article. SPJV is the coordinator, participated in the design of the
study, and prepared the article. All authors have read and approved the final
version of the article.
Competing interests
The authors declare that they have no competing interests.
Received: 17 November 2009
Accepted: 12 January 2010 Published: 12 January 2010
References
1. Peat G, McCarney R, Croft P: Knee pain and osteoarthritis in older adults:
a review of community burden and current use of primary health care.
Ann Rheum Dis 2001, 60:91-97.
2. Belo JN, Bierma-Zeinstra SMA, Raaijmakers AJ, Wissel van der F: NHGStandaard niet-traumatische knieproblemen bij volwassenen. Huisarts en
Wetenschap 2008, 51:229-240.
3. Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW, Dieppe P,
Gunther K, Hauselmann H, Herrero-Beaumont G, Kaklamanis P, et al: EULAR
Recommendations 2003: an evidence-based approach to the
management of knee osteoarthritis: Report of a Task Force of the

Page 5 of 6

4.

5.

6.

7.

8.

9.

10.

11.
12.

13.

14.

15.
16.

17.
18.

19.

20.

21.

22.
23.

Standing Committee for International Clinical Studies Including
Therapeutic Trials (ESCISIT). Ann Rheum Dis 2003, 62:1145-1155.
Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N,
Bierma-Zeinstra SMA, Brandt KD, Croft P, Doherty M, et al: OARSI
recommendations for the management of hip and knee osteoarthritis,
part I: Critical appraisal of existing treatment guidelines and systematic
review of current research evidence. Osteoarthritis Cartilage 2007,
15:981-1000.
Towheed TE, Maxwell L, Judd MG, Catton M, Hochberg MC, Wells G:
Acetaminophen for osteoarthritis. Cochrane Database Syst Rev 2006,
CD004257.
Pincus T, Koch GG, Sokka T, Lefkowith J, Wolfe F, Jordan JM, Luta G,
Callahan LF, Wang X, Schwartz T, et al: A randomized, double-blind,
crossover clinical trial of diclofenac plus misoprostol versus
acetaminophen in patients with osteoarthritis of the hip or knee. Arthritis
Rheum 2001, 44:1587-1598.
Boureau F, Schneid H, Zeghari N, Wall R, Bourgeois P: The IPSO study:
ibuprofen, paracetamol study in osteoarthritis. A randomised
comparative clinical study comparing the efficacy and safety of
ibuprofen and paracetamol analgesic treatment of osteoarthritis of the
knee or hip. Ann Rheum Dis 2004, 63:1028-1034.
Case JP, Baliunas AJ, Block JA: Lack of efficacy of acetaminophen in
treating symptomatic knee osteoarthritis: a randomized, double-blind,
placebo-controlled comparison trial with diclofenac sodium. Arch Intern
Med 2003, 163:169-178.
Geba GP, Weaver AL, Polis AB, Dixon ME, Schnitzer TJ, Vioxx ACTG: Efficacy
of rofecoxib, celecoxib, and acetaminophen in osteoarthritis of the knee:
a randomized trial. Jama 2002, 287:64-71.
Yelland MJ, Nikles CJ, McNairn N, Del Mar CB, Schluter PJ, Brown RM:
Celecoxib compared with sustained-release paracetamol for
osteoarthritis: a series of n-of-1 trials. Rheumatology (Oxford) 2007,
46:135-140.
Dutch trial register. http://www.trialregister.nl/trialreg/admin/rctview.asp?
TC=1485.
Heintjes EM, Berger MY, Koes BW, Bierma-Zeinstra SMA: Knee disorders in
primary care: design and patient selection of the HONEUR knee cohort.
BMC Musculoskelet Disord 2005, 6:45.
Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, Christy W,
Cooke TD, Greenwald R, Hochberg M, et al: Development of criteria for
the classification and reporting of osteoarthritis. Classification of
osteoarthritis of the knee. Diagnostic and Therapeutic Criteria
Committee of the American Rheumatism Association. Arthritis Rheum
1986, 29:1039-1049.
de Groot IB, Favejee MM, Reijman M, Verhaar JAN, Terwee CB: The Dutch
version of the Knee Injury and Osteoarthritis Outcome Score: a
validation study. Health Qual Life Outcomes 2008, 6:16.
Scott J, Huskisson EC: Graphic representation of pain. Pain 1976,
2:175-184.
Hawker GA, Davis AM, French MR, Cibere J, Jordan JM, March L, SuarezAlmazor M, Katz JN, Dieppe P: Development and preliminary
psychometric testing of a new OA pain measure–an OARSI/OMERACT
initiative. Osteoarthritis Cartilage 2008, 16:409-414.
Brooks R: EuroQol: the current state of play. Health Policy 1996, 37:53-72.
Koopmanschap MA: PRODISQ: a modular questionnaire on productivity
and disease for economic evaluation studies. Expert Rev Pharmacoecon
Outcomes Res 2005, 5:23-28.
Bellamy N, Buchanan WW: A preliminary evaluation of the dimensionality
and clinical importance of pain and disability in osteoarthritis of the hip
and knee. Clin Rheumatol 1986, 5:231-241.
Roos EM, Toksvig-Larsen S: Knee injury and Osteoarthritis Outcome Score
(KOOS) - validation and comparison to the WOMAC in total knee
replacement. Health Qual Life Outcomes 2003, 1:17.
Roos EM, Lohmander LS: The Knee injury and Osteoarthritis Outcome
Score (KOOS): from joint injury to osteoarthritis. Health Qual Life
Outcomes 2003, 1:64.
Jensen MP, Karoly P, Braver S: The measurement of clinical pain intensity:
a comparison of six methods. Pain 1986, 27:117-126.
Jensen MP, Karoly P, O’Riordan EF, Bland F Jr, Burns RS: The subjective
experience of acute pain. An assessment of the utility of 10 indices. Clin
J Pain 1989, 5:153-159.

Verkleij et al. BMC Musculoskeletal Disorders 2010, 11:7
http://www.biomedcentral.com/1471-2474/11/7

Page 6 of 6

24. Jensen MP, Miller L, Fisher LD: Assessment of pain during medical
procedures: a comparison of three scales. Clin J Pain 1998, 14:343-349.
25. Rodriguez CS: Pain measurement in the elderly: a review. Pain Manag
Nurs 2001, 2:38-46.
26. Dolan P: Modeling valuations for EuroQol health states. Med Care 1997,
35:1095-1108.
27. van Agt HM, Essink-Bot ML, Krabbe PF, Bonsel GJ: Test-retest reliability of
health state valuations collected with the EuroQol questionnaire. Soc Sci
Med 1994, 39:1537-1544.
28. Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL:
Methods for the economic evaluation of health care programmes New York:
Oxford University Press, 3 2005.
29. Twisk JWR, Ed: Applied Longitudinal Data Analysis for Epidemiology: a
practical guide. Cambridge: Cambridge University Press 2003.
30. Dougados M, Leclaire P, Heijde van der D, Bloch DA, Bellamy N, Altman RD:
Response criteria for clinical trials on osteoarthritis of the knee and hip:
a report of the Osteoarthritis Research Society International Standing
Committee for Clinical Trials response criteria initiative. Osteoarthritis
Cartilage 2000, 8:395-403.
31. Pham T, Heijde van der D, Altman RD, Anderson JJ, Bellamy N,
Hochberg M, Simon L, Strand V, Woodworth T, Dougados M: OMERACTOARSI initiative: Osteoarthritis Research Society International set of
responder criteria for osteoarthritis clinical trials revisited. Osteoarthritis
Cartilage 2004, 12:389-399.
Pre-publication history
The pre-publication history for this paper can be accessed here:http://www.
biomedcentral.com/1471-2474/11/7/prepub
doi:10.1186/1471-2474-11-7
Cite this article as: Verkleij et al.: Effectiveness of diclofenac versus
acetaminophen in primary care patients with knee osteoarthritis:
[NTR1485], DIPA-Trial: design of a randomized clinical trial. BMC
Musculoskeletal Disorders 2010 11:7.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

