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Purpose: To develop a parsimonious risk prediction model for periprosthetic joint infection (PJI) within 90 days after total hip
arthroplasty (THA).
Patients and Methods:We used logistic LASSO regression with bootstrap ranking to develop a risk prediction model for PJI within
90 days based on a Swedish cohort of 88,830 patients with elective THA 2008–2015. The model was externally validated on a Danish
cohort with 18,854 patients.
Results: Incidence of PJI was 2.45% in Sweden and 2.17% in Denmark. A model with the underlying diagnosis for THA, body mass
index (BMI), American Society for Anesthesiologists (ASA) class, sex, age, and the presence of five defined comorbidities had an area
under the curve (AUC) of 0.68 (95% CI: 0.66 to 0.69) in Sweden and 0.66 (95% CI: 0.64 to 0.69) in Denmark. This was superior to
traditional models based on ASA class, Charlson, Elixhauser, or the Rx Risk V comorbidity indices. Internal calibration was good for
predicted probabilities up to 10%.
Conclusion: A new PJI prediction model based on easily accessible data available before THA was developed and externally
validated. The model had superior discriminatory ability compared to ASA class alone or more complex comorbidity indices and had
good calibration. We provide a web-based calculator (https://erikbulow.shinyapps.io/thamortpred/) to facilitate shared decision making
by patients and surgeons.
Keywords: prediction model, total hip arthroplasty, orthopaedics, clinical decision-making tool, web calculator, external validation

Introduction
Periprosthetic joint infection (PJI) is one of the most devastating early complications after total hip arthroplasty (THA),
mainly due to its association with increased mortality, re-operation risk, long-term antibiotic treatment, often persistently
impaired quality of life, and socioeconomic consequences.1–4 Many risk factors for the development of PJI are identified,
with anaemia, diabetes, and obesity being important, to some extent modifiable risk factors, whereas advanced age and
male sex are examples of non-modifiable risk factors.5–17

Several attempts have been made at developing prognostic individualized risk prediction models for clinical usage,
with the Universal American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP)
Surgical Risk Calculator being one of the first.18,19 Additional models have since been derived on US or Australian
cohorts, but none has gained general acceptance.19–21 This is mainly due to often limited, sometimes single-center based
samples, low discriminating ability or sub-optimal calibration of the prediction models, or the absence of external model
validation.
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We therefore aimed to develop a prognostic prediction model of PJI within 90 days after THA, a commonly used
period to clinically define early PJI.14 We based the model on easily accessible data that are available pre-operatively in
the setting of clinical decision-making. Furthermore, we aimed to validate the model both internally in Sweden, as well
as externally on a Danish national cohort.

Patients and Methods
The derivation cohort was based on patients from an updated linkage database including the Swedish Hip Arthroplasty
Register (SHAR). The included registers and linkage process has been described previously.22 We included all primary
elective THAs performed in Sweden 2008–2015. Only the last operated hip was considered for patients with bilateral
THA.23 Patients with missing information on the American Society of Anesthesiologists (ASA) class, or an ASA class of
IV and above, were excluded, as were patients with missing information on body mass index (BMI) or a measurement
above 50. Patients with missing information on educational levels or the type of Hospital were also excluded, as were
persons under the age of 18.

In addition to the Swedish derivation cohort, a Danish sample was used for external model validation. Danish THA
patients were operated from 2016 until the last of September 2018. This period was chosen due to availability of
information on ASA and BMI, and the possibility for all patients to have a minimum of 90 days of follow up. As in
Sweden, data were linked from several national registers based on each patients unique identity number:24 DHR as
a quality register for THA,25 the Danish National Patient Register with comorbidity data from all hospitals,26 and
educational level and civil status from Statistics Denmark.27 As patients with PJI in the Swedish cohort were of age 35 to
99 years, we chose to validate the model for this age span only.

Definitions of Covariates and Outcomes
Comorbidities were first identified by ICD-10 codes from each countries’ national patient register during the year before
surgery. Individual conditions were grouped, first according to Elixhauser and Charlson, and then again into broader,
clinically relevant, categories. Comorbidities observed for less than 10 patients with or without PJI, however, were not
considered as potential predictors, to reduce the risk of overfitting the model to spurious events.

PJI was defined by the occurrence of relevant ICD-10 or procedural Nordic Medico-Procedural Committee
(NOMESCO)-codes recorded in the national patient registers for hospital episodes within 90 days after THA
(Table 1), or if the patient was reported to SHAR or DHR as re-operated due to PJI within the same time frame.

Model Development
We based a statistical variable selection procedure on bootstrap ranking combined with logistic least absolute shrinkage
and selection operator (LASSO) regression, in a way previously described and illustrated by Garland et al.28 The distilled
predictors were then used in a multiple main effects logistic regression model, our “main model.” A more parsimonious
“reduced model” was built by keeping only the most influential predictors. Those two models were then compared to
univariable prediction models based on either ASA class, the Charlson, Elixhauser, or the Rx Risk V comorbidity
indices,29,30 as well as multivariable models combining those measures with age, sex and BMI.

Table 1 Codes Identifying Periprosthetic Joint Infection (PJI) if Recorded in the Swedish and Danish National Patient Registers Within
90 Days After Total Hip Arthroplasty (THA)

Classification Codes

ICD-10 M000, M000F, M001, M002, M002F, M008, M008F, M009, M009F, M860F, M861F, M866, M866F, T814, T845, T845F, T845X, T847,

T847F

NOMESCO NFS09, NFS19, NFS29, NFS39, NFS49, NFS59, NFS99
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Model Validation
Receiver operating characteristic (ROC) curves and their corresponding areas under the curve (AUC) were used to
describe discrimination with 95% confidence intervals (CI) for each model. Predicted probabilities and observed
proportions were also plotted with 95% confidence bands to graphically assess model calibration.31 Coefficients of
determination were estimated by Nagelkerke’s R2 for each model, as was the fraction of new information for each model
compared to the model with lowest R2.32

The model was externally validated on the Danish cohort, both with the coefficient estimates from the Swedish
cohort, and with new estimates based on the Danish cohort. The reference models, with adopted coefficient estimates,
were also applied to the Danish cohort for comparison.

Statistical Tools
We used R version 4.1 (R Foundation for Statistical Computing, Vienna, Austria) with significant packages coder,33 decoder,
furrr, pROC, rms, tidymodels and tidyverse. We build a shiny-based web calculator to aid clinical usage (https://erikbulow.
shinyapps.io/thamortpred/) and made all R scripts publicly available (https://doi.org/10.5281/zenodo.5914599).

Ethical Approval
Ethical approval for this study was obtained from the Regional Ethical Review Board in Gothenburg (360-13). The study
was also approved by the Danish Data Protection Agency (journal number 2015-57-0002) and recorded at Aarhus
University (journal number 2016-051-000001).

Figure 1 Flowchart with inclusion criteria and number of patients. Data from the Swedish Hip Arthroplasty Register were used for model derivation and internal validation.
Abbreviations: THA, total hip arthroplasty; BMI, body mass index; ASA, American Society for Anesthesiologists classification.
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Results
We included 88,830 patients in the derivation cohort from Sweden (Figure 1). 2.45% (n = 2173) of these developed a PJI
within 90 days. In addition, 18,854 patients were included in the external validation cohort from Denmark (Figure 2).
2.2% (n = 410) of these developed a PJI within 90 days (Table 2).

ROC-curves (Figure 3) and AUC-values (Figure 4) were very similar for the main model and a reduced model, based
on the underlying diagnosis for THA, BMI, ASA class, sex, age, and the presence of arrhythmia, CNS disease, fluid
electrolyte disorders, liver disease or lung and airways disease. For simplicity, we thus focused on the reduced model,
with estimated coefficient values listed in Table 3.

The univariable model with the Charlson comorbidity index had the lowest AUC and Nagelkerke’s R2= 0.73, and
compared to this model, the fraction of new information for the reduced model was 84% (Table 4). The reduced model
had good internal calibration for predictions up to 10% (Figure 5). Estimated probability density curves for patients with

Figure 2 Flowchart with inclusion criteria and number of patients. Data from the Danish Hip Arthroplasty Register were used for external model validation.
Abbreviations: THA, total hip arthroplasty; BMI, body mass index; ASA, American Society for Anesthesiologists classification.
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Table 2 Patient Characteristics in Sweden 2008–2015 and Denmark 2016 to September 2018

Variable Level SE PJI SE Total DK PJI DK Total
n (%) n (%) n (%) n (%)

Total 2173 88,830 410 18,854

Age <50 104 (4.8) 4645 (5.2) 9 (2.2) 880 (4.7)

50-<60 231 (10.6) 11,812 (13.3) 45 (11.0) 2460 (13.0)

60-<70 609 (28.0) 28,981 (32.6) 112 (27.3) 5226 (27.7)

70-<80 776 (35.7) 30,386 (34.2) 164 (40.0) 7201 (38.2)

80+ 453 (20.8) 13,006 (14.6) 80 (19.5) 3087 (16.4)

Sex Female 1062 (48.9) 50,151 (56.5) 209 (51.0) 10,915 (57.9)

Male 1111 (51.1) 38,679 (43.5) 201 (49.0) 7939 (42.1)

BMI Under/normal weight 487 (22.4) 29,431 (33.1) 101 (24.6) 6847 (36.3)

Overweight 863 (39.7) 38,143 (42.9) 152 (37.1) 7416 (39.3)

Class I obesity 531 (24.4) 16,224 (18.3) 86 (21.0) 3347 (17.8)

Class II–III obesity 292 (13.4) 5032 (5.7) 71 (17.3) 1244 (6.6)

ASA class I 302 (13.9) 21,087 (23.7) 44 (10.7) 3942 (20.9)

II 1228 (56.5) 52,798 (59.4) 253 (61.7) 11,578 (61.4)

III 643 (29.6) 14,945 (16.8) 113 (27.6) 3334 (17.7)

Diagnosis Primary osteoarthritis 1766 (81.3) 78,578 (88.5) 329 (80.2) 15,926 (84.5)

Secondary osteoarthritis 232 (10.7) 5271 (5.9) 57 (13.9) 1838 (9.7)

Sequelae after childhood hip disease 41 (1.9) 1862 (2.1) * 626 (3.3)

Avascular necrosis of the femoral head

(AVN)

77 (3.5) 1895 (2.1) 15 (3.7) 318 (1.7)

Inflammatory joint disease 57 (2.6) 1224 (1.4) * 146 (0.8)

Cemented stem 1600 (73.6) 61,377 (69.1) 106 (25.9) 5039 (26.7)

Cemented cup 1739 (80.0) 69,886 (78.7) 45 (11.0) 1501 (8.0)

Hospital University 776 (35.7) 33,938 (38.2) NA NA

County 851 (39.2) 29,220 (32.9) NA NA

Rural 319 (14.7) 17,725 (20.0) NA NA

Private 227 (10.4) 7947 (8.9) NA NA

Education Low (≤ 9 years) 453 (20.8) 22,660 (25.5) 164 (40.0) 6158 (32.7)

Middle (9–12 years) 814 (37.5) 29,323 (33.0) 163 (39.8) 8572 (45.5)

High (> 12 years) 906 (41.7) 36,847 (41.5) 83 (20.2) 4124 (21.9)

Civil status Married 1134 (52.2) 49,133 (55.3) 204 (49.8) 10,928 (58.0)

Single 647 (29.8) 25,930 (29.2) 123 (30.0) 4516 (23.9)

Widow/widower 392 (18.0) 13,767 (15.5) 83 (20.2) 3410 (18.1)

(Continued)
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Table 2 (Continued).

Variable Level SE PJI SE Total DK PJI DK Total
n (%) n (%) n (%) n (%)

Charlson 0 1413 (65.0) 67,437 (75.9) 328 (80.0) 16,132 (85.6)

1 423 (19.5) 12,704 (14.3) 63 (15.4) 2243 (11.9)

2+ 337 (15.5) 8689 (9.8) 19 (4.6) 479 (2.5)

Elixhauser 0 946 (43.5) 50,213 (56.5) 280 (68.3) 14,753 (78.2)

1 539 (24.8) 21,348 (24.0) 77 (18.8) 2716 (14.4)

2 372 (17.1) 10,734 (12.1) 35 (8.5) 900 (4.8)

3+ 316 (14.5) 6535 (7.4) 18 (4.4) 485 (2.6)

RxRiskV −5–0 448 (20.6) 25,956 (29.2) 123 (30.0) 8229 (43.6)

1–3 711 (32.7) 31,557 (35.5) 153 (37.3) 6430 (34.1)

4–6 547 (25.2) 19,851 (22.3) 86 (21.0) 2770 (14.7)

7+ 467 (21.5) 11,466 (12.9) 48 (11.7) 1425 (7.6)

AIDS/HIV 1 (0.0) 16 (0.0) 0 (0.0) 8 (0.0)

Anemia 20 (0.9) 619 (0.7) 0 (0.0) 49 (0.3)

Arrhythmia 271 (12.5) 6368 (7.2) 28 (6.8) 843 (4.5)

Arterial hypertension 753 (34.7) 24,058 (27.1) 45 (11.0) 1440 (7.6)

Cancer 142 (6.5) 3997 (4.5) 20 (4.9) 822 (4.4)

CNS disease 166 (7.6) 3142 (3.5) 17 (4.1) 310 (1.6)

Coagulopathy 9 (0.4) 329 (0.4) 0 (0.0) 17 (0.1)

Diabetes 212 (9.8) 5973 (6.7) 17 (4.1) 493 (2.6)

Drug alcohol abuse 30 (1.4) 682 (0.8) 6 (1.5) 105 (0.6)

Fluid electrolyte disorders 29 (1.3) 534 (0.6) 8 (2.0) 195 (1.0)

Heart condition 149 (6.9) 3693 (4.2) 13 (3.2) 421 (2.2)

Myocardial infarction 105 (4.8) 3087 (3.5) 0 (0.0) 73 (0.4)

Hypothyroidism 82 (3.8) 2583 (2.9) * *

Kidney disease 36 (1.7) 883 (1.0) * *

Liver disease 33 (1.5) 524 (0.6) * *

Lung airways disease 172 (7.9) 4317 (4.9) 20 (4.9) 537 (2.8)

Peptic ulcer 21 (1.0) 536 (0.6) * *

Rheumatic disease 144 (6.6) 3926 (4.4) 12 (2.9) 384 (2.0)

Vascular disease 89 (4.1) 2523 (2.8) 21 (5.1) 506 (2.7)

Weight loss 5 (0.2) 69 (0.1) 0 (0.0) 29 (0.2)

Notes: *Cells have been intentionally left blank due to small numbers and privacy concerns for the Danish cohort.
Abbreviations: NA, data not available; BMI, body mass index; ASA class, American Society for Anaesthesiologists classification; CNS, central nervous system.
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and without PJI were partially overlapping, but patients with PJI had on average higher predicted probabilities for this
outcome (Figure 6).

The reduced model derived from the Swedish cohort produced a very similar ROC curve when applied to the Danish
cohort. Calibration was good for predictions up to 3%, with a tendency to over-estimate higher probabilities, which
improved after re-calibration of the model intercept to the Danish PJI incidence (Figure 5).

Discussion
Principal Findings
We propose a PJI prediction model based on the underlying diagnosis for THA, BMI, ASA class, sex, age, and the
presence of arrhythmia, CNS disease, fluid electrolyte disorders, liver disease or lung and airways disease. This model
was better at predicting PJI within 90 days after THA than models based on either ASA class or the Charlson, Elixhauser
or Rx Risk V comorbidity indices, with or without adjustments for age and sex, in terms of AUC, Nagelkerke’s R2 and
calibration.

Strengths and Weaknesses
Our external model validation is a strength, supporting that the model works equally well in a different popula-
tion. The validation was both geographical (different country) and temporal (different period). Discriminatory
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Figure 3 Receiver operating characteristics (ROC) curves combines sensitivity and specificity to illustrate discriminative abilities of the different models. The main and
reduced models performed almost identical for prediction of periprosthetic joint infection (PJI) within 90 days after surgery. They both performed better than all other
models. Area under the curve (AUC) are stated for each curve within parenthesis.
Abbreviations: BMI, body mass index; ASA, American Society for Anesthesiologists classification; Charlson, Charlson comorbidity index; Elixhauser, Elixhauser
comorbidity index.
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ability and calibration were good in the validation cohort despite apparent dissimilarities between the countries
(Table 2). Some of the dissimilarities can partially be explained by different coding routines. ICD-10 and
NOMESCO codes are recorded for both in- and outpatient hospital visits in the national patient registries in
both countries, but the recording of (optional) secondary diagnoses is 23% in Denmark,26 compared to 47% in the
Swedish cohort. Serious comorbidities such as cancer, are reported equally well in both countries, while for
example arterial hypertension, is less well documented in Denmark. Also, patients with chronic conditions, such
as diabetes, are more commonly treated in primary care settings in Denmark, and are therefore less well reported
to the national patient register.26 The RxRisk V index is a weighted index, which is difficult to compare without
further analysis. Taken together, the similarities between the countries might be more pronounced than indicated
by Table 2. However, the difference in the mode of THA fixation, with a dominance of cemented components in
Sweden, and much more widespread usage of uncemented components in Denmark, is tangible and has been
described elsewhere.34

Strengths and Weaknesses in Relation to Other Studies
The standard peri-operative prophylaxis in THA surgery in Sweden is Cloxacillin (2g x 3) on the day of surgery. Those
with confirmed or suspected allergy to Cloxacillin (roughly 10% of all patients) receive Clindamycin (600 mg x 2). This
treatment might affect the outcome of interest, and therefore the possibility to generalize the results to countries with
other treatment regimens.

Figure 4 Area under the receiver operating characteristics curve (AUC) as a measure of predictive discriminative ability with 95% confidence intervals. The reduced model
performed no different than the main model on the Swedish data, and both of these models performed better than all other models (left panel). Similar models were fitted
to the Danish cohort (right panel). The reduced model (SE) with coefficients based on the Swedish data, performed almost as good as the reduced model (DK) with
coefficient values refitted to the Danish cohort.
Abbreviations: BMI, body mass index; ASA, American Society for Anesthesiologists classification; Charlson, Charlson comorbidity index; Elixhauser, Elixhauser
comorbidity index; DK, Denmark; SE, Sweden.
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Cancer seems to confer an increased risk of PJI in several observational studies,10,19,35,36 but this comorbidity was not
included in our model. Neither was diabetes included in our model, although it is included in previous risk
calculators.19,37,38 On the other hand, diabetes is not consistently found to be associated with the risk of surgical site
infection or PJI after THA surgery.39

Information on peri-operative hyperglycaemia, morning blood glucose, HBA1c,40,41 or low preoperative
haemoglobin,12 could have improved our model. But although we had access to the ICD codes defining the presence
of anaemia, we had no information on actual laboratory findings. Use of subcutaneously applied Tumour Necrosis
Factor-alpha blockers,42,43 intra-articular steroid application44 or prolonged operating time,13,45,46 are also associated
with the risk of PJI after THA. However, we decided to only consider factors that are available in an outpatient setting
prior to surgery and our model can thus be used as a tool for shared decision making. This is facilitated by use of the
implemented web calculator which we believe is a strength of our model. Another strength is the closed form regression
formula presented below which is more transparent than a black box model sometimes associated with machine learning
and artificial intelligence.

Table 3 Estimated Coefficients (β) and Odds Ratios (OR) with 95% Confidence Intervals for the Reduced Model

Variable Level β OR 95 (% CI) p

(Intercept) −6.31

Age 0.02 1.02 (1.02–1.03) <0.001

Arrhythmia 0.27 1.30 (1.13–1.49) <0.001

ASA class I 0.00 (ref)

II 0.18 1.20 (1.05–1.37) 0.009

III 0.44 1.56 (1.33–1.83) <0.001

BMI Under/normal weight 0.00 (ref)

Overweight 0.39 1.47 (1.32–1.65) <0.001

Class I obesity 0.81 2.24 (1.97–2.55) <0.001

Class II–III obesity 1.40 4.05 (3.46–4.75) <0.001

CNS disease 0.69 2.00 (1.68–2.35) <0.001

Diagnosis Primary osteoarthritis 0.00 (ref)

Sequelae after childhood hip disease 0.39 1.48 (1.06–2.01) 0.016

Avascular necrosis of the femoral head (AVN) 0.58 1.79 (1.40–2.26) <0.001

Secondary osteoarthritis 0.74 2.09 (1.80–2.41) <0.001

Inflammatory joint disease 0.94 2.55 (1.91–3.33) <0.001

Fluid electrolyte disorders 0.42 1.52 (1.01–2.20) 0.034

Liver disease 0.75 2.11 (1.44–3.00) <0.001

Lung airways disease 0.27 1.31 (1.11–1.54) 0.001

Sex Female 0.00 (ref)

Male 0.37 1.45 (1.33–1.59) <0.001

Abbreviations: BMI, body mass index; CNS, central nervous system; ASA, American Society for Anesthesiologists.
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Implications of the Study
Our model can be presented by a logistic regression formula, where the probability of PJI within 90 days is
estimated by 1= 1þ exp 6:31 � ∑i xiβ̂i

� �� �
where ∑i xiβ̂i indicates the sum of individual patient characteristics

multiplied by the estimated coefficient values from Table 3. For example, a 60-year-old female with normal BMI,
primary osteoarthritis and without comorbidities would have a probability of 1= 1þ exp 6:31 � 60 � 0:02ð Þ½ � � 0.7%
of suffering from a PJI within 90 days. For comparison, an 85-year-old male with overweight, secondary
osteoarthritis, psoriasis, dementia and an ASA class III would have a probability of 15.1%. Note, however, that
observed proportions above 10% were rare, and predicted probabilities above this limit are subject to
extrapolation.

It should be noted that the aim of prediction is different from statistical inference. As such, CIs in Table 3 were based
solely on the final logistic regression model, ignoring additional uncertainty from the preceding variable selection.
Hence, those CIs should not be interpreted in support of any implicit hypothesis testing concerning the relevance of any
individual variable. Also, the individual odds ratios should not be interpreted as effect measures of individual relations
since some variables were correlated. The selected variables are nevertheless coherent with previous studies. Patients
with primary osteoarthritis seem less prone to developing PJI than patients receiving THA for other reasons.10,21,47,48

Obesity is associated with an increased risk of re-operations or adverse events after THA49 and with an increased risk of
developing surgical site infections or PJI after THA.7,11,13,35,37 CNS disease (cerebrovascular disease, dementia, hemi-
plegia, and Parkinson’s disease) has also been previously associated with PJI,10 as have male sex,19,37,48 liver disease50

and ASA class.39,46,51

Table 4 Model Performance Based on the Swedish Derivation Cohort

Model AUC (95% CI) R2 (%) FNI (%)

Main model 0.68 (0.67; 0.69) 4.86 85

Reduced model 0.68 (0.66; 0.69) 4.72 84

ASA + BMI + Age + Sex 0.65 (0.64; 0.66) 3.32 78

BMI + Age + Sex 0.64 (0.62; 0.65) 2.75 73

ASA + Age + Sex 0.62 (0.60; 0.63) 1.94 62

Elixhauser + Age + Sex 0.61 (0.60; 0.62) 1.75 58

ASA 0.59 (0.58; 0.60) 1.57 53

Elixhauser 0.58 (0.57; 0.60) 1.29 43

Charlson + Age + Sex 0.60 (0.58; 0.61) 1.26 42

Rx Risk 0.58 (0.57; 0.59) 1.03 29

Rx Risk + Age + Sex 0.58 (0.57; 0.59) 1.03 29

Charlson 0.56 (0.55; 0.57) 0.73 0

Notes: The area under the receiver operating characteristics curve (AUC) is a measure of discriminatory ability.
Nagelkerke’s pseudo-coefficient of determination (R2) is an estimate of the proportion of explained variance for each
model (the correlation between observed and predicted values). The univariable Charlson model had the lowest R2 and
was therefore used as baseline for the fraction of new information (FNI) added by the other models.
Abbreviations: ASA, American Society for Anesthesiologists classification; BMI, body mass index; Charlson, Charlson
comorbidity index; Elixhauser, Elixhauser comorbidity index.
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Unanswered Questions and Future Research
The proportion of explained variation (Nagelkerke’s R2 = 4.72% from Table 4) was low. The question of what other
variables might be needed to further refine prediction models remains open, but information that is notoriously difficult to
obtain within the setting of large register studies, such as smoking status, might be of value. In addition, a potential
underlying susceptibility to PJI — as has been described for patients with osteomyelitis — could be a factor of
considerable influence on the outcome.

It should also be noticed that our study design was observational, and can only yield (statistical) correlations between
PJI and the included variables. Additional studies are therefore required to establish causal pathways and to identify
possible modifiable risk factors.52

Conclusion
Our results indicate that the risk of early PJI after THA can be pre-operatively assessed by a parsimonious
prediction model based on patient demographics and a short list of well-defined comorbidities. We hope that this
model, with its accompanying web calculator, will facilitate shared decision-making between physicians and patients
in need of THA.

Figure 5 Calibration for the reduced model. Proportions of periprosthetic joint infection (PJI) above 10% were rarely observed and are therefore omitted. Internal
calibration (95% confidence band between the green lines) was good; predicted probabilities were similar to observed proportions, as indicated by close proximity to the
diagonal line. External calibration with the same model (red) indicated some over-estimation and less accuracy. This was expected due to smaller sample size in the Danish
cohort, and due to national differences. Calibration improved after re-calibration of the model intercept to better resemble the Danish base incidence (blue). DK, Denmark;
SE, Sweden.
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Abbreviations
ASA, American Society for Anesthesiologists; AUC, area under the curve; BMI, body mass index; CI, confidence
interval; DHR, The Danish Hip Arthroplasty Register; DK, Denmark; FNI, fraction of new information; ICD,
International Classification of Diseases; LASSO, least absolute shrinkage and selection operator; NOMESCO, Nordic
Medico-Procedural Committee; NPR, The National Patient Register; PJI, periprosthetic joint infection; ROC, receiver
operating characteristic; SD, standard deviation; SE, Sweden; SHAR, The Swedish Hip Arthroplasty Register; THA,
total hip arthroplasty.
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