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Abstract. The number of biomedical research articles increases by over 2.5 million publications each year,
making it difficult to stay up to date. In this study, we introduce a standardized search and evaluation tool to
combat this issue. Employing crowdsourcing, a large database of publications is gathered. Using a standardized
data entry format, coined the “scientific publication score” (SPS), specific publication results can be easily ag-
gregated, thereby allowing fast and accurate comparisons for clinical questions. The SPS combines two quality
dimensions. The first captures the quality of evidence of the study using the evidence criteria defined by the Cen-
tre for Evidence-Based Medicine, Oxford, UK. The second is more fine-grained and considers the magnitude of
statistical analyses on individual and specific results.

From 2014 to 2019, experts of the European Bone and Joint Infection Society (EBJIS) were asked to en-
ter data of relevant publications about prosthetic joint infection. Data and evidence levels of specific results
were averaged, summarized and ranked. A total of 366 publications were divided into two groups: (I) risk fac-
tors (e.g., host-related factors, pre- and postoperative issues) with 243 publications and (II) diagnostic methods
(e.g., laboratory tests, imaging methods) with 123 publications.

After ranking, the highest score for risk factors of prosthetic joint infection were calculated by the SPS
for anemia (mean 3.50±SD 0.91), malignancy (mean 3.17±SD 0.29) and previous alloarthroplasty (mean
3.00±SD 0.35). A comparison of the full SPS ranking with the ranking determined at the 2018 International
Consensus Meeting (ICM) on Musculoskeletal Infection resulted in a Spearman rank correlation coefficient
of 0.48 and a p value of 0.0382. The diagnostic methods ranked highest by the SPS were aspirate leucocyte
count (mean 3.15±SD 1.21), interleukin 6 (mean 3.14±SD 1.07) and aspirate (neutrophils over 80 %) (mean
3.12±SD 0.63). The comparison to the ICM ranking yielded a Spearman rank correlation coefficient of 0.91
and a p value of 0.0015.

Our pilot study evaluated a new tool for the quality assessment of specific results based on the quality of the
source publication. The SPS is suitable for a ranking of specific results by evidence and data quality criteria
important for systematic reviews.

Published by Copernicus Publications on behalf of EBJIS and MSIS.



270 D. Bettin et al.: The scientific publication score

1 Introduction

MEDLINE, the bibliographic database serving as the basis
for PubMed, contains over 30 million publications in 30 000
journals. This content increases by 2.5 million publications
each year. In biomedical and health informatics (BMHI), the
information is doubled every 5 years (Hersh, 2020). Scien-
tific results are sometimes individually presented and not al-
ways based on a concise format (Hersh, 2020; Poss et al.,
2001). On this background, it is extremely difficult for med-
ical professionals to stay informed.

Improvements were developed by the National Library
of Medicine (NLM) by establishing an evidenced-based
score for study quality (PubMed, 2022; Oxford Centre for
Evidence-Based Medicine, 2009; Howick et al., 2011; Kit-
trie, 2018). The score is based on five evidence levels, from
high-quality randomized trials (RCTs) with a score of 5 to a
simple expert opinion with a score of 1.

While the evidence criteria are a good initial gauge of the
evidence quality of a study, they give no insight into the ac-
tual individual and specific study results (e.g., intervention
methods, outcome criteria, diagnostic methods and risk fac-
tors). Currently, specific study results are manually evalu-
ated and aggregated in systematic reviews and meta-analyses
(Bhandari et al., 2001). To expedite this aggregation process,
we introduce the “scientific publication score” (SPS) for use
in systematic reviews. It combines evidence quality criteria
on the study and specific result level, giving insights into
clinical questions.

2 Material and methods

Our study was organized in two parts: (1) the development
of the definition criteria for the scientific publication score
(SPS) and (2) the control of the SPS in an empirical pilot
study evaluation.

2.1 Study level (evidence quality criteria)

The study level relies on the well-known evidence qual-
ity criteria, previously defined by the Centre for Evidence-
Based Medicine, Oxford, UK. (Table 1; Oxford Centre for
Evidence-Based Medicine, 2009; Howick et al., 2011). The
study level is normally reported on the front page of articles
in most high-impact journals. It summarizes the overall evi-
dence quality of a study but ignores specific statistical results
(e.g., when two interventions are being compared).

2.2 Data level (data quality criteria)

The data level is defined as a five-level score over several sta-
tistical criteria (see Table 2), similar to the ones used in al-
loplastic registers, clinical trials and meta-analyses (W-Dahl
et al., 2021; Bhandari et al., 2001). Where applicable, the

data level is recorded for each intervention of a study indi-
vidually. Therefore, a study may have multiple data levels. If
multiple criteria are determined for an intervention within a
study, such as the number of participants and the sensitivity,
the median level is used. While it is not an exhaustive list of
possible statistical outcomes, nearly all studies determine at
least one of the criteria. For an initial evaluation of the vi-
ability of the SPS, this list is therefore sufficient. With the
experience gained from our pilot study, it will be extended in
the future.

2.3 Calculation of the final score

The final score for an intervention is computed by averaging
the study level and data level for a single recorded publica-
tion. In addition, the score is multiplied by the valence of
the result, i.e., if the intervention was found to have a nega-
tive effect, the score is multiplied by−1. The overall score is
then computed by averaging over all publications reporting
on that intervention. Specifically, the SPS is defined as

SPS(i)=
1
|Pi |

∑
p∈Pi

(
SL(p)+DL(p)

2
v (p)

)
for an intervention i, recorded publications Pi , study level
(SL), data level (DL) and valence v.

2.4 Pilot study

We tested and evaluated the SPS using a crowdsourcing pilot
study. The primary aim of the study was to evaluate whether
the SPS can act as a lower-quality but lower-effort replace-
ment in systematic reviews, especially for clinical questions
lacking a comprehensive or up-to-date review. Experts from
the field of bone and joint infections were tasked (on a vol-
untary basis) with inputting and rating publications using the
SPS on an online platform. While this procedure lacks a de-
fined search strategy and, thus, runs the risk of excluding a
large amount of relevant publications, it was a cost-effective
measure to obtain a large enough sample size to evaluate the
validity of the SPS. To evaluate the validity, we compare the
rankings of interventions and outcomes obtained from the ex-
pert scores with the rankings from the Consensus Meeting
on Musculoskeletal Infection (Orthopedic Research Society,
2018).

A simple online platform was programmed. Example im-
ages are demonstrated in the Supplement. The basic charac-
teristic of this platform was the ability to download publi-
cations from PubMed into different theme portals, such as
prosthetic joint infection, basic science, bone regeneration
after infection, bone tumor infection, diabetic foot infection,
health economics, native joint infection, osteomyelitis, septic
non-union, soft tissue infection, spondylitis, Gustilo Grade
III open fracture and infection animal model (PubMed,
2022).
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Table 1. Study level.

I II III IV V

5 points 4 points 3 points 2 points 1 point

Multicenter Single-center Clinical experi-
mental study

Clinical report Expert opinion

Prospective randomized controlled trials (RCTs) Prospective
randomized
controlled trials
(RCTs)

Cohort Retrospective

Case control Case series
Meta-analysis
Big register
Reviews

Table 2. Data level.

I II III IV V

5 points 4 points 3 points 2 points 1 point

N > 500 ≤ 500 ≤ 100 ≤ 50 ≤ 10
F-up > 15 years ≥ 10 years ≥ 5 years ≥ 3 years < 3 years
F-up rate ≤ 1.0 ≤ 0.9 ≤ 0.85 ≤ 0.80 ≤ 0.75
Recurrence rate ≤ 0.05 ≤ 0.1 ≤ 0.15 ≤ 0.2 > 0.2
Sensitivity ≥ 0.95 ≥ 0.85 ≥ 0.75 ≥ 0.65 < 0.65
Specificity ≥ 0.95 ≥ 0.85 ≥ 0.75 ≥ 0.65 < 0.65
Accuracy ≥ 0.95 ≥ 0.85 ≥ 0.75 ≥ 0.65 < 0.65
Positive predictive value ≥ 0.95 ≥ 0.85 ≥ 0.75 ≥ 0.65 < 0.65
Negative predictive value ≥ 0.95 ≥ 0.85 ≥ 0.75 ≥ 0.65 < 0.65
C-index ≥ 0.95 ≥ 0.85 ≥ 0.75 ≥ 0.65 < 0.65
Odds/Hazard ratio/Relative risk > 15 ≤ 15 ≤ 5 ≤ 3 ≤ 1
p value ≤ 0.001 ≤ 0.01 ≤ 0.05 ≤ 0.1 > 0.1

F-up denotes follow-up, and C-index refers to the concordance index.

From 2014 to 2019, the (350) members of the European
Bone and Joint Infection Society (EBJIS) were contacted by
email and asked to propose clinical questions, link them to
relevant publications and score them according to the SPS.
The SPS program is organized into four sections:

– The program begins with the Questions section and asks
“Which are the highest risk factors for prosthetic joint
infection (PJI)?” and “Which are the best diagnostic
methods for prosthetic joint infection (PJI)?”.

– The second section is Themes, which comprises the risk
factors and diagnostic methods

– The Categories section entails the prosthetic joint infec-
tion (PJI).

– The Fields section comprises general infections.

2.5 Statistical analysis

The Spearman rank correlation test was calculated to com-
pare the SPS results to the 2018 International Consensus

Meeting on Musculoskeletal Infection results (Python SciPy
stats package, version 1.6.1) (Orthopedic Research Society,
2018; Boyle et al., 2018).

3 Results

A total of 488 publications were imported into the SPS pro-
gram. The publications were not equally distributed among
the topics. The largest two groups, risk factors and diagnostic
methods, contained 243 publications and 123 publications,
respectively. As multiple experts were able to score a single
publication, a total of 722 scores across the 366 publications
were considered in our analysis.

3.1 Pilot study group I: risk factors

The ranking results of the SPS and the International Consen-
sus Meeting (ICM) identified similar risk factors for pros-
thetic joint infection (PJI) (Table 3).

https://doi.org/10.5194/jbji-7-269-2022 J. Bone Joint Infect., 7, 269–278, 2022
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The SPS revealed the highest numerical values for anemia
(mean 3.5±SD 0.91), malignancy (mean 3.17±SD 0.29)
and previous alloarthroplasty (mean 3.0±SD 0.35). More-
over, high SPS values were noted for previous joint surgery
(mean 2.94±SD 1.26), wound healing problems (mean
2.74±SD 1.57), diabetes mellitus (mean 2.64±SD 1.46),
poor vascular perfusion (mean 2.5±SD 1.8), malnutrition
(mean 2.43±SD 0.79) and high body mass index (BMI;
mean 2.33±SD 1.92). The ICM also identified these factors
with a strong evidence strength (5 of 5 points).

A slight deviation was noted for previous alloarthro-
plasty (mean 3.0±SD 0.35) and immunosuppression (mean
2.27±SD 0.9), which were classified in ICM results with
only moderate evidence strength (4 of 5 points).

Other SPS risk factors such as operation duration, surgical
experience, persistent drainage, previous open fracture with
remnants of implants, radiotherapy and operation room traf-
fic were not addressed by the ICM results. This could be re-
lated to the fact that the ICM score is intended to have a better
common agreement. Therefore, they voted only for a selected
and lower number of criteria.

The differences between the risk factors were minimal
with a large overlap of the standard deviations. This could
be related to a lower number of publications for some risk
factors (mean of 12.95 with a range of 3 to 53). Correlat-
ing only the risk factor scores found in both the final SPS
and the ICM consensus meeting shows a moderate associ-
ation, with a Spearman rank correlation coefficient of 0.48
(p = 0.0385).

3.2 Pilot study group II: diagnostic methods

The SPS and the International Consensus Meeting (ICM)
ranking results identified similar diagnostic methods for
prosthetic joint infection (PJI) (Table 4).

The SPS revealed the highest numerical values for the as-
pirate leucocyte count (mean 3.15±SD 1.21), interleukin 6
(mean 3.14±SD 1.07) and aspirate (neutrophiles over 80 %)
(mean 3.12±SD 0.63).

Furthermore high SPS values were noted for histology
(mean 3.05±SD 0.69), sonication (mean 2.79±SD 0.64)
and joint aspiration culture (mean 2.61±SD 1.05). The
ICM also identified these factors with a moderate evidence
strength (4 of 5 points).

The lowest SPS diagnose methods were noted for ery-
throcyte sedimentation rate (ESR; mean 0.57±SD 3.25) and
white blood cells (mean 0.17±SD 3.16). The ICM also iden-
tified these factors with a low or no evidence strength (1–2
of 5 points).

Other SPS diagnostic methods such as leucocyte bone
scan, TNF-alpha (tumor necrosis factor alpha), FDG PET
(fluorodeoxyglucose positron emission tomography), combi-
nation of CRP (C-reactive protein) and IL-6 (interleukin 6),
soluble intracellular adhesion molecules, and three-phase
bone scan were not addressed by the ICM results.

Differences between the diagnostic methods were very
small with large overlapping standard deviations. This could
be related to a lower number of publications that evaluate di-
agnostic methods (mean of 10.75 with a range of 3 to 32).
Correlating only the diagnostic method scores found in both
the final SPS and the ICM consensus meeting shows a high
association, with a Spearman rank correlation coefficient of
0.91 (p = 0.0015).

4 Discussion

Our pilot study evaluated, for the first time, the quality of spe-
cific publication results by taking the quality of the source
publication into account. The SPS program is able to orga-
nize the results in a standardized and concise format. The
combination of evidence and data evaluation is a good in-
strument to summarize the quality of the specific results. The
main value of the SPS is the possibility of one evaluation
in the setting of the continuous publication of new papers in
each subject group. The SPS offers a very quick incorpora-
tion of different analytic methods and outcome criteria in one
score.

Conventional meta-analyses usually focus on a single out-
come criteria and follow a rigorous quantitative methodol-
ogy with the advantage of an increased study sample size,
increased statistical power and, thus, improved quantitative
estimates (Haidich, 2010). Systematic reviews similarly at-
tempt to aggregate evidence but additionally handle study
heterogeneity, co-influencing factors and other eligibility cri-
teria (Ahn et al., 2018). The SPS, as such, functions as a
middle ground between both. As it simply summarizes study
results into a categorical score, it lacks mathematical rigor
compared with meta-analyses, but it enables one to summa-
rize over heterogeneous studies and evidence sources, which
is important in systematic reviews (Haidich, 2010). In an em-
pirical evaluation, the SPS achieves a moderate to high corre-
lation with the results from the second International Consen-
sus Meeting on Musculoskeletal Infection (Orthopedic Re-
search Society, 2018). Furthermore, due to its simplicity, the
SPS is easily scalable. Extracted scores from a publication
can be integrated into a database, and the aggregated results
for a clinical question are automatically updated. We take
advantage of this concise format in our initial pilot study and
intend to automate the extraction process in the future.

The highest scores for risk factors were noted for ane-
mia, malignancy and previous alloarthroplasty. For diagnos-
tic methods, the highest scores were obtained for aspirate
leucocyte count, interleukin-6 level and aspirate (neutrophils
over 80 %). The ranking does not comprehensively reflect the
present clinical experience with respect to the importance of
all possible risk factors. In particular, for persistent drainage,
bacteraemia and intraoperative contamination as well as for
the diagnostic method joint aspiration, some clinical devia-
tions should be considered. Those factors might have higher
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Table 3. Pilot study group I: risk factors.

Final SPS Study level Data level Directional data level Consensus ICM score

Anemia 3.50± 0.91 3.75± 0.96 3.25± 0.96 3.25± 0.96 5
Malignancy 3.17± 0.29 3.67± 0.58 2.67± 0.58 2.67± 0.58 5
Previous alloarthroplasty 3.00± 0.35 2.80± 0.45 3.20± 0.45 3.20± 0.45 4
Previous joint surgery 2.94± 1.26 3.27± 1.03 3.33± 0.82 2.98± 1.27 –
Operation duration 2.89± 1.13 3.21± 1.12 2.86± 0.95 2.79± 1.12 –
Wound healing problems 2.74± 1.57 3.06± 1.00 3.10± 1.09 2.71± 1.75 5
Surgical experience 2.67± 1.43 3.58± 1.35 2.73± 1.13 2.38± 1.42 –
Diabetes mellitus 2.64± 1.46 3.20± 1.13 2.96± 0.86 2.42± 1.56 –
Skin colonization other than
MRSA

2.62± 1.17 2.76± 1.15 2.65± 1.17 2.59± 1.28 –

Persistent drainage 2.50± 0.75 2.56± 0.73 2.44± 0.88 2.44± 0.88 –
Poor vascular perfusion 2.50± 1.80 2.83± 1.76 2.67± 1.04 2.33± 1.61 5
Malnutrition 2.43± 0.79 2.43± 1.40 2.43± 0.98 2.43± 0.98 5
High BMI 2.33± 1.92 3.15± 0.84 2.80± 0.97 2.19± 1.89 5
Previous open fracture with
remnants of implant material

2.33± 0.29 2.67± 0.58 2.00± 0.00 2.00± 0.00 –

Immunosuppression 2.27± 0.90 2.64± 0.67 2.45± 0.69 2.27± 1.01 4
Radiotherapy 2.25± 1.26 2.50± 1.73 2.00± 0.82 2.00± 0.82 –
Transfusion 2.21± 1.11 2.86± 0.90 2.43± 0.79 2.14± 1.21 5
MRSA colonization 2.15± 1.43 2.40± 0.84 2.50± 0.97 2.30± 1.42 5
Chronic kidney disease 2.12± 1.93 3.25± 1.04 2.75± 1.19 2.00± 1.78 –
Operation room traffic 2.12± 0.58 2.12± 0.99 2.12± 0.35 2.12± 0.35 –
Cardiovascular disease 2.00± 1.80 3.67± 0.58 2.33± 0.58 1.67± 1.53 –
Tumor necrosis factor blockers
(TNF blockers)

1.93± 0.67 2.43± 0.98 1.86± 0.90 1.71± 0.76 –

Steroids 1.92± 0.80 2.00± 0.89 1.83± 0.75 1.83± 0.75 4
Rheumatoid arthritis 1.74± 1.66 2.49± 1.20 1.98± 0.96 1.60± 1.46 4
Previous infection of the opera-
tive joint

1.73± 1.90 2.67± 1.11 2.40± 0.74 1.60± 1.92 –

Tourniquet in TKA 1.72± 1.18 2.67± 1.00 1.78± 0.83 1.44± 1.13 3
Anesthesiologists physical sta-
tus classification system (ASA)

1.67± 2.84 3.22± 1.20 3.00± 0.50 1.67± 2.69 5

Male gender 1.64± 2.81 3.29± 1.38 2.57± 0.79 1.43± 2.44 4
Dental focus 1.58± 2.08 2.50± 1.05 2.33± 0.52 1.67± 1.86 3
Urogenital focus 1.58± 2.35 2.67± 1.03 2.50± 0.84 1.50± 2.35 –
Intraoperative contamination 1.36± 1.52 2.57± 0.98 1.86± 0.90 1.29± 1.25 –
Bacteremia 1.17± 1.61 2.15± 0.86 1.71± 0.87 1.11± 1.41 –
Female gender 1.00± 3.97 3.67± 1.53 3.00± 0.00 1.00± 3.46 4
Lung disease 1.00± 2.02 2.00± 1.29 1.71± 0.95 0.86± 1.86 –
Smoking 0.95± 2.55 2.70± 0.95 2.20± 1.03 1.00± 2.31 5
Perioperative low-molecular-
weight heparins (LMWHs)

0.88± 2.52 3.38± 1.06 2.12± 0.64 0.88± 1.89 –

Age −0.15± 2.80 2.88± 1.00 2.33± 0.65 −0.17± 2.52 4
Drainage −0.44± 2.30 3.00± 1.12 2.44± 0.88 −0.56± 2.13 –
Intra-articular steroid −2.12± 0.48 2.75± 0.5 1.50± 0.58 −1.50± 0.58 –

Data are represented as the mean±SD, with bold font denoting the final SPS mean. The 2018 Consensus Meeting ICM score numbers represent the following: 5 – strong
evidence strength, 4 – moderate evidence strength, 3 – limited evidence strength, 2 – low evidence strength and 1 – no evidence strength. MRSA denotes
methicillin-resistant Staphylococcus aureus, and TKA represents total knee arthroplasty. “–” represents no consensus ICM score.

scores considering their clinical relevance and the relatively
low number of publications included in this study (mean of
10.75 for each criterion). Furthermore, for the risk factors,
we noted some apparent outliers. For example, female gender
and smoking had lower scores than the ICM. As explained

above, these factors might have a higher score considering
the mean of 12.95 publication for each criterion. A more ex-
tensive automatic screening procedure – including all ongo-
ing publications – would certainly enhance the accuracy.
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Table 4. Pilot study group II: diagnostic methods.

Final SPS Study level Data level Directional data level Consensus ICM score

Aspirate leucocyte count 3.15± 1.21 3.5± 1.14 3.08± 1.37 3.00± 1.46 5
Interleukin 6 3.14± 1.07 3.43± 0.79 2.86± 1.57 2.86± 1.57 –
Aspirate (neutrophil percentage >

80)
3.12± 0.63 3.50± 0.58 2.75± 0.96 2.75± 0.96 –

Histology 3.05± 0.69 3.28± 0.80 2.95± 0.91 2.88± 0.88 4
Leucocyte bone scan 2.96± 0.69 3.31± 0.95 2.62± 0.87 2.62± 0.87 –
Tumor necrosis factor alpha (TNF-
alpha)

2.83± 0.29 3.67± 0.58 2.00± 0.00 2.00± 0.00 –

Sonication 2.79± 0.64 2.86± 0.90 2.71± 0.49 2.71± 0.49 4
Fludeoxyglucose positron
emission tomography (FDG PET)

2.75± 0.42 3.33± 0.52 2.17± 0.41 2.17± 0.41 –

Immunohistology staining tech-
niques

2.61± 1.24 3.26± 0.38 2.81± 0.84 2.52± 1.35 –

Joint aspiration culture 2.61± 1.05 2.82± 1.09 2.40± 1.18 2.40± 1.18 4
Polymerase chain reaction (PCR) 2.29± 1.91 3.08± 1.38 2.67± 0.49 2.17± 1.70 4
C-reactive protein (CRP) 2.17± 2.26 3.47± 0.52 2.60± 0.91 1.80± 2.14 3
Soluble intracellular adhesion
molecular

2.00± 1.80 3.33± 0.58 2.33± 1.53 2.00± 2.00 –

Three-phase bone scan 1.83± 1.71 2.58± 1.00 2.08± 0.90 1.75± 1.48 –
Intraoperative tissue culture 0.75± 2.85 3.12± 0.35 2.38± 0.52 0.62± 2.50 –
Erythrocyte sedimentation rate
(ESR)

0.57± 3.25 3.57± 0.53 2.43± 0.98 0.43± 2.76 1

White blood cell (WBC) 0.17± 3.16 3.50± 0.55 2.17± 1.17 0.50± 2.59 2
Gram staining −0.25± 2.96 3.00± 0.82 2.00± 0.82 −0.50± 2.38 –
Procalcitonin −1.25± 2.53 3.00± 0.00 2.00± 0.82 −1.00± 2.16 –
Pyrexia < fifth post-op day −2.08± 0.14 2.17± 0.29 2.00± 0.00 −2.00± 0.00 –

Data are represented as the mean±SD, with bold font denoting the final SPS mean. The 2018 Consensus Meeting ICM score numbers represent the following: 5 – strong
evidence strength, 4 – moderate evidence strength, 3 – limited evidence strength, 2 – low evidence strength and 1 – no evidence strength. “–” represents no consensus ICM
score.

The obtained ranking results are similar and comparable
to the results presented at the 2018 second International Con-
sensus Meeting (ICM) on Musculoskeletal Infection (Ortho-
pedic Research Society, 2018; Boyle et al., 2018). At this
consensus conference, over 3500 publications were screened
by 869 experts. However, the ICM is based on a very exten-
sive and time-consuming procedure using the Delphi method
for evaluation (Boyle et al., 2018). Experts gave answers
to a list of specific questions in several rounds. The aggre-
gated answers were discussed in between rounds, and indi-
vidual answers could be revised in subsequent rounds, taking
the answers of other experts into account. Using this Delphi
method, the whole group approximated the “correct answer”
in the final scores.

4.1 Quality assessments

Quality assessments were frequently based solely on re-
views using evidence-based criteria presented by the
Cochrane Library or the UpToDate Database internet plat-
form (Cochrance Library, 2016; Higgins et al., 2022; UpTo-
Date, 2022). Those groups evaluate the evidence quality by
considering randomization and blinding processes, popula-

tion heterogeneity, indirectness and imprecision of results,
and the publication bias, and they summarized these us-
ing the Grading of Recommendations, Assessment, Develop-
ment and Evaluation (GRADE) system score noting a high,
moderate, low or very low quality (Guyatt et al., 2011a, b).
The main disadvantage of those approaches is their extensive
and time-consuming nature. In the UpToDate Database, over
6800 highly specialized scientists are involved in keeping up
with the review evaluation procedure (UpToDate, 2022).

4.2 Novelty

Our approach to include both evidence-based criteria and sta-
tistical data for specific publication results simultaneously is
new. To our knowledge, no other group has done this before.
Some authors have included additional information on pa-
tient numbers and follow-up criteria in their evidence classi-
fication (Trip Database-Blog, 2018; Trip Medical Database,
2022), but our approach includes a broader and more hetero-
geneous set of statistical measures. Assigning levels of ev-
idence, including power analysis and follow-up criteria for
orthopedic patients, for a similar research question has also
been applied by Wright (2007).

J. Bone Joint Infect., 7, 269–278, 2022 https://doi.org/10.5194/jbji-7-269-2022
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Table 5. Modified Coleman methodology score.

(a) Only one score to be given for each of the seven
sections

Criteria Score

Study size N > 120 10
N 81–120 7
N 40–80 4
N < 40 or not stated 0

Mean follow-up > 6 years 5
3–6 years 3
< 3 years, not stated or unclear 0

Percent of patients with follow-up (radiographic and
clinical)

> 90 % 5

80 %–90 % 3
< 80 % 0

Number of interventions per group One intervention in all patients in each group 10
Multiple interventions but consistent among all patients in each
group

5

Unclear, unreported or multiple interventions among patients in
the same group

0

Type of study Randomized control trial 15
Prospective cohort study 10
Retrospective cohort study 0

Diagnostic certainty (confirmed by defined probe exci-
sion findings or MRI)

In all 5

In ≥ 80 % 3
In < 80 %, not stated or unclear 0

Descriptions of surgical technique Technique stated with necessary details to repeat 5
Technique named without elaboration 3
Not stated or unclear 0

Description of postoperative rehabilitation Well described with > 80 % patient compliance 5
Either well described with 60 %–80 % patient compliance or de-
scribed without complete detail

3

Protocol not reported with < 60 % patient compliance 0

(b) Scores may be given for each option in each of the
three sections if applicable

Criteria Score

Outcome criteria Outcome measures clearly defined 2
Timing of outcome assessment clear 2
Use of outcome criteria with reported good reliability 3
Use of outcome with good sensitivity 3

Procedure for assessing outcomes Subjects recruited 5
Independent investigator (two for radiographic, two for clinical) 4
Written assessment 3
Patient-centered data collected 3

Description of subject selection process Selection criteria reported and unbiased 5
Recruitment rate reported and > 80 % 5
Eligible subjects not included in the study are satisfactorily ac-
counted for

5

Total 100
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More extensive subclassifications are possible with the
SPS, which are needed to identify the most influential fac-
tors. Some authors have recommended the PICO (patient, in-
tervention, comparison, outcome) method for quality assess-
ments (UC Library Guides, 2022; Zhang et al., 2020). Using
this approach, two or more interventions can be compared
side by side with respect to their results of defined outcome
criteria (Huang et al., 2006). Therefore, we used this method
in an advanced form to address each clinical question in more
detail by simultaneously ranking various diagnosis methods
and risk factors. The modified Coleman methodology score
(MCMS) is also applied to evaluate research methodology by
advanced quality criteria (Table 5; Coleman et al., 2000).

The subsections of the MCMS are based on the sub-
sections of the Consolidated Standards of Reporting Tri-
als (CONSORT) statement (for randomized controlled trials)
(Moher et al., 2012). A total score of 100 indicates that the
study largely avoids chance, various biases and confound-
ing factors (Coleman et al., 2000; Longo et al., 2015). One
disadvantage of the MCMS is that it can only be used for
surgical interventions. However, some information required
for the diagnostic certainty, the procedure for assessing out-
comes and the description of the subject selection process
is not uniformly given in every publication. Therefore, the
MCMS cannot be used as a framework for encoding evi-
dence. The statistical results for the SPS are easier to identify.
One advantage of the MCMS is the inclusion of selection and
bias criteria (Boyle et al., 2018). The SPS can cover this by
choosing the next lower level in the SPS voting.

4.3 Limitations

Our pilot study started with the idea that a large scientific
community will answer open questions more easily. How-
ever, experts of the EBJIS were not able to evaluate all ongo-
ing publications.

Additionally, experts may be biased to include specific
publications for clinical questions that they deem relevant.
Thus, our pilot study did not list all possible risk factors and
diagnostic methods. Moreover, a publication bias had to be
considered, as studies with negative results are more likely
to remain unpublished (Poss et al., 2001). Furthermore, the
voting bias could be influential, as users do not like to vote
on lower study or data levels (Bhandari et al., 2001). Eth-
ically, it is not easy to vote on other experts’ publications
or on one’s own publications. An anonymous voting proce-
dure addressed this limitation. All experts were further able
to delete and edit their votes. The influence of “voting on
one’s own publications” might be diminished if other experts
confirmed the voting result.

The rounding up and down of data levels resulted in con-
siderable variations, reflected by the large standard devia-
tions and the low correlation coefficient, especially in the risk
factor group. Our results could also be influenced by individ-
ual preferences, leading to some user disagreements. How-

ever, this problem was also evident in the consensus meeting
results, showing multiple nonunanimous decisions among
the experts (Orthopedic Research Society, 2018; Boyle et al.,
2018; Howick et al., 2011).

4.4 Future development

Potential improvements can be made by focusing on con-
trolled studies (study level 1–3) with a high study and data
level. Furthermore, a more rigorous training of experts in
data entry could increase inter-rater agreement. Finally, more
publications and ratings would result in a broader coverage
of clinical categories and more conclusive results.

Further development potential lies in the
(semi-)automation of evidence scoring and aggregation
(Del Fiol et al., 2018). Several companies and research insti-
tutes are working on automating the meta-analysis process.
Approaches range from aiding in evidence extraction from
full texts to automatically aggregating study results over
multiple publications or extracting claims from biomedical
abstracts (Pradhan et al., 2019; Achakulvisut et al., 2020;
Trip Database-Blog, 2022; Kittrie, 2018). Most approaches
lack a framework for encoding evidence in a comprehensive
and easy-to-aggregate form. We propose that SPS provides
exactly this kind of framework and are actively investigating
how to integrate it into an automated process as a search and
seal of approval tool.

5 Conclusions

Our pilot study evaluated a new tool for the quality assess-
ment of specific results in different publication qualities. SPS
is suitable for ranking specific publication results by evi-
dence and data quality criteria. However, the crowdsourcing
methodology was unable to keep up with newly published
publications. Modern methods of automatic data mining are
expected to improve the coverage of search efficiency and
quality verification in the future.
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