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Background and purpose — The aim of this study was to 
identify the prevalence of modifiable risk factors of surgical 
site infections (SSI) in patients undergoing primary elective 
total joint arthroplasty (TJA) receiving conventional pre-
operative preparation, and to explore their association with 
infectious outcomes.

Patients and methods — Information regarding modi-
fiable risk factors (anemia, diabetes, obesity, nutritional 
status, smoking, physical activity) was prospectively gath-
ered in patients undergoing primary TJA of hip or knee in 
2018–2020 at a single institution with 6 weeks’ follow-up 
time.

Results — 738 patients (median age 68 years [IQR 61–73], 
women 57%) underwent TJA (knee 64%, hip 36%). Anemia 
was detected in 8%, diabetes was present in 9%, an additional 
2% had undiagnosed diabetes (HbA1c > 47 mmol/mol), and 
8% dysglycemia (HbA1c 42–47 mmol/mol). Obesity (BMI ≥ 
30) was observed in 52%. Serum albumin, total lymphocyte 
count, and vitamin D below normal limits was identified in 
0.1%, 18%, and 16%, respectively. Current smokers were 7%. 
Surgical site complications occurred in 116 (16%), superficial 
SSI in 57 (8%), progressing to periprosthetic joint infection in 
7 cases. Univariate analysis identified higher odds of superfi-
cial SSI for BMI ≥ 30 (OR 2.1, 95%CI 1.2–3.8) and HbA1c 
≥ 42 mmol/mol (OR 2.2, CI 1.1–4.2), but no association was 
found with other factors.

Conclusion — In a general population undergoing pri-
mary TJA an association was found between obesity (52%) 
and dysglycemia/diabetes (19%) and superficial SSI (8%), 
which progressed to PJI in 12% of cases, generating a 1% 
total rate of PJI. Modification of these risk factors might 
mitigate infectious adverse outcomes.

Superficial surgical-site infection (SSI) is a feared complica-
tion of total joint arthroplasty (TJA), occurring in 1–10% of 
cases. It may progress into periprosthetic joint infection (PJI), 
a devastating complication that occurs in between 0.5% and 
2.4% of primary hip and knee TJAs (1,2). Several underlying 
medical conditions have been identified as independent risk 
factors for development of PJI that might be modified before 
operation (3). Preoperative anemia is present in up to 20% of 
patients undergoing elective TJA (4) and is associated with a 
higher rate of PJI, or 4.3% compared with 2% in non-anemic 
patients (3). Diabetes mellitus (Type I and II) has a prevalence 
of 8.5% worldwide (5) but may be present in up to 20% in 
patients undergoing TJA (6). The incidence of PJI for patients 
with diabetes is 1.6% and 2.2% after hip and knee arthro-
plasty compared with 0.7% and 0.5% in non-diabetic patients 
(3,7). Obesity, defined as body mass index (BMI) ≥ 30, carries 
increased risk for associated diseases, including diabetes (3) 
and osteoarthritis (8). The risk of PJI increases exponentially 
with increasing BMI (3) and PJI rates are reported to rise from 
4.7% in patients with BMI > 40 to 9.8% if the patients are also 
diabetic, contrasted with 0.4% in patients with normal BMI 
(3,7). Laboratory screening of nutritional status in orthopedic 
surgery patients frequently includes serum albumin levels and 
total lymphocyte count (9) with risk of poor nutritional status 
associated with serum albumin level < 35 g/L, or total lympho-
cyte count < 1.5×109/L. Both are independent risk factors for 
PJI (3). Additionally, vitamin-D deficiency is more common 
among patients whose surgery is complicated by PJI (10). 
Smoking is a significant risk factor for postoperative wound 
complications with a rate of SSI of 1.8% for current smoking 
at the time of TJA compared with 1.3% and 1.1% in former 
smokers or nonsmokers, respectively. Cessation of smoking 
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4–6 weeks prior to and after surgery decreases wound com-
plications (3). Preoperative functional capacity and exercise 
are also considered an important predictor of postoperative 
outcome although their association with infectious outcome 
is unclear (11).

The primary aim of this study was to evaluate the preva-
lence of modifiable risk factors in patients undergoing primary 
TJA. The secondary aim was to assess their association with 
superficial SSI, with the purpose of creating a benchmark for 
interventional studies focusing on improving those factors. 

Patients and methods
Study design, setting, and patient selection
This is a report of the control arm of a non-randomized open-
label prospective quality control study evaluating outcome 
before and after an interventional effort to improve patient 
condition before TJA (Figure, see Appendix). All adult 
patients undergoing elective TJA who had received conven-
tional preoperative preparation between August 2018 and 
September 2020 at Landspitali—the National University Hos-
pital of Iceland in Reykjavik—were offered participation in 
the control arm of the study when visiting the hospital outpa-
tient preoperative assessment clinic 1 week prior to surgery. 
744 accepted and information on modifiable risk factors was 
gathered, additional blood tests were taken, and patients asked 
to answer a questionnaire regarding weight, anemia treat-
ment, nutrition, smoking, physical activity, and involvement 
of healthcare providers in the months preceding the operation. 

Procedure
Routine TJA at our institute are performed with spinal anes-
thesia; if not applicable, general anesthesia is administered. 
Prophylactic antibiotic treatment is provided with dicloxacil-
lin, with the first dose given within 1 hour before surgery and 
repeated doses given 2 and 6 hours after surgery starts. Low 
molecular weight heparin is given as thromboprophylaxis, start-
ing the evening before operation, and tranexamic acid is given 
during operation to decrease blood loss. Infiltration of ropiva-
caine at the surgical site is used for postoperative pain treatment 
in knee prosthesis patients. Drains are usually not inserted. 

Clinical variables
Information was gathered regarding age, sex, smoking, 
comorbidities, type of surgery, type of anesthesia, ASA clas-
sification, laboratory values, blood transfusions, and length 
of stay. 

Hemoglobin values were acquired 1 week prior to surgery 
and on the morning of the first postoperative day. Preoperative 
anemia was defined according to WHO’s definition as a hemo-
globin concentration of < 120 g/L and < 130 g/L in women and 
men, respectively (12), and divided into mild (110–120/130 
g/L per sex), moderate (80–109 g/L), and severe (< 80 g/L). 

A serum-glucose value was acquired 1 week prior to surgery 
and controlled on the morning of the 1st postoperative day. 
Patients were considered to have diabetes if they had received 
this diagnosis preoperatively or had a HbA1c level > 47 mmol/
mol. Non-diabetic patients were considered to have dysglyce-
mia if HbA1c was 42–47 mmol/mol and undiagnosed diabetes 
if HbA1c > 47mmol/mol. 

Patients were asked through questionnaire at the preoperative 
visit to estimate what their weight had been when surgery was 
decided on, and subsequently they were weighed. BMI was 
classified according to WHO’s definition: < 18.5 underweight, 
18.5–24.9 normal weight, 25–29.9 overweight, 30–34.9 obe-
sity class I, 35–39.9 class II, and ≥ 40 class III (13). 

Patients who had serum albumin < 35g/L or lymphocyte 
count < 1.5×109/L (9) were considered to be at risk of malnu-
trition. Vitamin-D deficiency was defined as 25OHD concen-
tration < 50 nmol/L (14). 

Information regarding smoking was gained from a question-
naire and divided into those who had quit smoking > 1 year 
ago, > 6 months ago, > 6 weeks ago, and < 6 weeks ago.

Patients were asked via questionnaire about their level of 
physical activity when waiting for operation and use of pre-
scribed physical activity from primary healthcare and physio-
therapy (15). Physical activity was divided into 2 classes, 0–2 
times per week and 3–5 times per week. Each occasion was 
graded from 1 to > 60 minutes. 

First planned instance of patient follow-up occurred 2–3 
weeks postoperatively at primary care for suture removal and 
evaluation of surgical site complications. A 2nd routine fol-
low-up occurred at the hospital orthopedic outpatient clinic 6 
weeks postoperatively. Patient records from both primary care 
and hospital were reviewed to identify whether diagnosis of 
SSI (superficial or deeper) had been set or other complications 
had appeared. Diagnosis of superficial SSI was set according to 
the Centers for Disease Control and Prevention (CDC) defini-
tion of superficial SSI when clinical features were mentioned 
in medical notes of peri-incisional pain or tenderness, local-
ized swelling, erythema, or heat and if antibiotics had been 
prescribed (16). Other signs of surgical site complications 
were also recorded such as drainage, bleeding, dehiscence, and 
hematoma. Referral to the hospital was in some cases direct 
after such diagnosis or later if the patient was not responding 
to treatment. In cases of deeper SSI or PJI involving the fascia, 
muscle layers and prosthesis, diagnosis was made by orthope-
dic surgeons according to evidence-based and validated crite-
ria of periprosthetic hip and knee infection and confirmed with 
5 tissue cultures during surgery with debridement, antibiotics, 
and implant retention (DAIR operation) (17). 

Statistics
Patient demographics were described as median (interquartile 
range [IQR]) for continuous variables, and number (percent-
age) for categorical variables. Mean and standard deviation 
(SD) were reported for normally distributed data. The number 
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of patients with a missing variable was reported, but variables 
were assumed to be missing at random. 

A univariate association between the presence of the 5 mod-
ifiable risk factors and the presence of postoperative SSI was 
performed with logistic regression, estimating the odds and 
95% confidence intervals (CI) of superficial SSI as a function 
of preoperative anemia, HbA1c ≥ 42 mmol/mol, BMI ≥ 30, 
smoking, vitamin D < 50 nmol/L, and physical activity. 

As this was a descriptive study no assessment of power was 
performed prior to analysis.

All statistics were performed in R, version 1.3.1093 (Rstu-
dio IDE) using Rstudio (R Foundation for Statistical Comput-
ing, Vienna, Austria).

Ethics, registration, funding, data sharing, and disclosures
The study was approved by the Science Committee of the 
Capital area’s Primary Care and University of Iceland 
and by the Icelandic National Bioethics Committee (case 
number: VSN-18-098) and is registered at ClinicalTrials.
gov (NCT05399186). This study was supported by grants 
from Landspitali Research Fund (A-2019-056, A-202-042, 
A-2021-036) and Research fund of Sigridur Larusdottir by 
University of Iceland. Data sharing is possible after rea-
sonable request. The authors declare no conflict of inter-
est. Completed disclosure forms for this article following 
the ICMJE template are available on the article page, doi: 
10.2340/17453674.2023.8480

Patient characteristics Overall (N = 738) Missing

Age in years, median [IQR] 68 [61–73] 
Female sex 421 (57) 
BMI when operation decided  136 (18)
 Median BMI [IQR] 31 [27–35] 
 < 18.5 1 (0.1) 
 18.5–24.9 76 (10) 
 25–29.9 198 (27) 
 30–34.9 188 (26) 
 35–39.9 99 (13) 
 40–44.9 30 (4) 
 45–49.9 8 (1) 
 ≥ 50 2 (0.3) 
BMI at operation  1 (0.1)
 Median BMI [IQR] 30 [27–34] 
 <18.5 1 (0.1) 
 18.5–24.9 94 (13) 
 25–29.5 258 (35) 
 30–34.9 238 (32) 
 35–39.5 108 (15) 
 40–44.9 33 (4) 
 45–49.9 5 (0.7) 
 ≥5 0 0 (0) 
Patient comorbidities     11 (1)
 Smoking 54 (7) 
 Hypertension 401 (54) 
 Ischemic heart disease 80 (11) 
 Arrythmias 105 (14) 
 Anticoagulation preop 78 (11) 
 Congestive heart failure  13 (2) 
 Lung disease 131 (18) 
 Pulmonary embolism 7 (0.9) 
 Deep vein thrombosis preop 10 (1) 
 Diabetes 65 (9) 
 Chronic renal failure 45 (6) 
 Transient ischemic attack 48 (7) 
 Neuro bleeding 5 (0.7) 
 Inflammatory arthritis  50 (7) 
 Depression  73 (10) 
 Anxiety 43 (6) 
 Cancer  78 (11) 
Type of operation  
 Knee replacement 476 (65) 
 Hip replacement 262 (35) 

Patient characteristics Overall (N = 738) Missing

Type of anesthesia   
 Spinal  659 (89) 
 General  79 (11) 
ASA classification  
 Class 1 44 (6)
 Class 2 528 (72)
 Class 3 164 (22)
 Class 4  2 (0.3) 
Blood tests  
 Hemoglobin, g/L, mean (SD)
     preoperative 141 (13) 2 (0.3)
     postoperative 116 (13) 34 (5)
 Hemoglobin dropp, mean (SD) 25 (11) 34 (5)
 Anemia preoperative a 56 (8) 2 (0.3)
     mild 47 (6)
     moderate 8 (1)     
     severe 1 (0.1) 
 Creatinine, µmol/L, mean (SD) 
     preoperative  78.5 (23) 2 (0.3)
     postoperative 81.4 (29) 34 (5)
 Glucose, mmol/L, mean (SD)
     preoperative 6 (2) 13 (2)
     postoperative 7 (1) 38 (5)
 HbA1c, mmol/mol, mean (SD) 
     preoperative 38.1 (8) 17 (2)
 HbA1c, n (%)  
     42–47 mmol/mol preoperative 52 (8) 
     > 47 mmol/mol preoperative  13 (2)  
 Albumin, g/L, mean (SD) 44 (3) 12 (2)
 Lymphocytes < 1.5x109/L, n (%) 129 (18) 2 (0.3)
 Vitamin D nmol/L, mean (SD) 80 (34) 16 (2)
 Vitamin D < 50 nmol/l, n (%) 121 (16) 16 (2)
Blood transfusions 19 (3) 
Days of stay, median [IQR] 1 [1–2] 
Postoperative complications 
  ≤ 6 weeks from operation    
Myocardial infarction 2 (0.3) 
 Heart failure 3 (0.4) 
 Pneumonia 7 (0.9) 
 Transient ischemic attack 1 (0.1) 
 Pulmonary embolism 3 (0.4) 
 Deep vein thrombosis 3 (0.4) 
 Kidney failure 11 (1) 

Table 1. Patient characteristics. Values are count (%) unless otherwise specified

a Anemia severity: mild (110–120/130 g/L per sex), moderate (80–109 g/L) and severe (< 80 g/L)
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Results

744 patients accepted to participate but 6 were excluded (2 
with contraindication to surgery and 4 had surgery in another 
joint). Thus, 738 patients, 69% of all eligible TJA patients, 
were included in the study (Figure, see Appendix). For patient 
characteristics, comorbidities, ASA classification, and anes-
thesia technique see Table 1, for results from questionnaires 
see Table 2 (see Appendix), and for postoperative surgical site 
complications see Table 3. Within 6 weeks postoperatively 26 
(4%) patients had suffered other complications, but no deaths 
had occurred (Table 1).

The mean value of preoperative hemoglobin was 141 g/L 
(SD 13) but anemia was detected in 56 (8%) patients (Table 
1) and 22 (3%) reported taking iron supplementation (Table 2, 
see Appendix). Perioperative blood transfusion was given to 
19 (3%) patients with a median of 2 units (range 1–6) (Table 
1), of whom 47% were anemic preoperatively. 

The mean value of HbA1c was 38 mmol/mol (SD 8). A pre-
vious diagnosis of diabetes had been made in 65 (9%) of the 
patients. Among the non-diabetic patients, 52 (8%) had dysgly-
cemia with HbA1c 42–47 mmol/mol and 13 (2%) patients had 
undiagnosed diabetes with HbA1c > 47 mmol/mol (Table 1).

At the time of decision for operation 44% of patients 
reported their BMI ≥ 30 according to the questionnaire. At the 
time of operation 52% had BMI ≥ 30 (Table 1).

The mean concentration of albumin was 44 g/L (SD 3) with 
1 individual (0.1%) just below 35 g/L. The mean value of lym-
phocytes was 2×109/L with 129 (18%) having a count below 
1.5×109/L. The mean value of Vitamin D was 80 nmol/L (SD 
34) while 16% were below 50 nmol/L and considered defi-
cient (Table 1). 

Current smoking at the time of operation was reported by 54 
(7%) of the patients (Table 2, see Appendix). 

According to the questionnaire, 68% of patients had tried to 
increase their physical activity while waiting for surgery while 
motion occasions per week were estimated to be none by 15% 
of patients. Preoperative use of prescribed physical activity 
from primary healthcare occurred in 6% and 27% had received 
treatment by a physiotherapist (Table 2, see Appendix).

58 of the patients (8%) had visited a primary care physician 
preoperatively and 90 (12%) had received a consultation from 
a cardiologist (Table 2, see Appendix).

Surgical site complications occurred in 116 (16%) of the 
patients (Table 3), including superficial SSI in 57 (8%) and 7 
of these  progressed to PJI, generating a rate of 1% PJI. Reop-
eration due to PJI with debridement, antibiotics, and implant 
retention (DAIR operation) was performed in all 7. Cultures 
were taken in 49% of SSI cases, including all PJI, of which 
64% were positive. Staphylococci were the pathogen in 95% 
of cases and Pseudomonas in 5%. 

An exploratory secondary analysis was performed to assess 
the correlation between preoperative modifiable risk factors 
and postoperative superficial SSI. This revealed higher odds 
of superficial SSI for BMI ≥ 30 (OR 2.1, CI 1.2–3.8) as well as 
HbA1c ≥ 42 mmol/mol (OR 2.2, CI 1.1–4.2). No association 
was found with other factors (Table 4).

Discussion

In this study of patients undergoing primary TJA after con-
ventional preoperative preparation the rates of several known 
modifiable risk factors for adverse infectious outcomes were 
in the lower range of previous studies but superficial SSI in the 
higher. An association was found between elevated BMI and 
HbA1c and superficial SSI. 

In recent years the advantage of optimizing the patient’s 
condition before an elective TJA has been emphasized for the 
benefit of the patient and healthcare systems (3,18). Selec-
tion of patients for such intervention and what methods to 
use are not clear though. Improvements in modifiable risk 
factors might be unobtainable in individual patients or the 
efforts required to attain a general modification of them and 
the amount of decrease in negative outcome so small that 
they are uneconomical. This study might lay the ground for 
evaluation of such interventional studies on preoperative 
optimization.

The patient group was comparable with other studies in 
regard to age, sex ratio, ASA classification, length of hos-
pital stay, and ratio between total hip (36%) and total knee 
arthroplasty (64%) (8,19). Neuraxial anesthesia was used in 

Table 3. Surgical site complications at 6 weeks follow up after oper-
ation. Values are count (%) 

Surgical site complications Overall (N = 738) Missing 

All  116 (16) 3 (0.4)
Superficial SSI 57 (8) 3 (0.4)
Drainage 58 (8) 3 (0.4)
Bleeding 42 (6) 3 (0.4)
Dehiscence 12 (2) 3 (0.4)
Limb hematoma 13 (2) 3 (0.4)
Periprosthetic joint infection 7 (1) 3 (0.4)
DAIR operation a 7 (1) 3 (0.4)

a DAIR = Debridement, antibiotics and implant retention

Table 4. Odds ratio (OR) and (95% confidence interval) of superficial 
SSI for patients with preoperative risk factors

Superficial SSI OR (95% CI)  Missing

Preoperative anemia 0.91 (0.27–2.3)  2
HbA1c ≥ 42 mmol/mol 2.2   (1.1–4.2)  17
BMI at operation ≥ 30 2.1   (1.2–3.8)  1
Smoking 1.2   (0.41–3.0)  11
Vitamin D ≤ 50 mmol/L 0.85 (0.38–1.7)  16
Weekly motion ≤ 2 1.4   (0.73–2.6)  71
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the majority of cases (89%), as generally recommended, but 
may vary between institutions (20). 

The prevalence of preoperative anemia was 8%, consider-
ably lower than the 15–30% reported in previous studies (4). 
However, only 3% had received treatment for anemia, sug-
gesting that a preoperative blood management program could 
have been beneficial. The drop in hemoglobin at postoperative 
day 1 was 26 g/L and only 3% (19 patients) received blood 
transfusion, comparable with a recent study with the same 
drop in hemoglobin and a transfusion rate of 4% (21).

In our cohort 9% of the patients had been diagnosed with 
diabetes, which is slightly higher than the 8.3% in the gen-
eral population of Iceland (22). Of the non-diabetic patients, 
8% had dysglycemia and 2% had undiagnosed diabetes. The 
prevalence of diagnosed diabetes varies substantially between 
countries and therefore also in studies on TJA, or between 6% 
and 12%, as does undiagnosed diabetes, or up to 41% (23,24). 

At the time of decision for operation, 44% of the patients 
self-reported their BMI as ≥ 30 but at operation 52% were 
measured with BMI ≥ 30. It is questionable how reliably indi-
viduals estimate their own weight, but the information pos-
sibly points to weight gain during wait for operation. The dis-
tribution of BMI classes at operation was comparable with a 
recent study from the USA (25). Guidelines support weight 
reduction to decrease risk of PJI, but there is no consensus on 
what method to use to induce weight loss (18,26). 

The prevalence of poor nutritional status estimated by low 
levels of albumin and lymphocytes was very infrequent com-
pared with previous studies (9,10), pointing towards a good 
nutritional status of the patients in general, except that 16% 
were defined as being vitamin-D deficient, ranging from 
13–80% in the USA with prevalence of 42% (10). 

The prevalence of smoking was reported by the patients to 
be 7%, which is the same as in society in general (27); 39% 
had stopped smoking > 1 year ago and 3% within a year but 
missing data were noted from 59%.

Two-thirds of the patients reported that they had tried to 
increase their physical activity during the wait for operation and 
half exercised 3–5 times per week, but 15% reported no motion 
at all. Utilization of prescribed physical activity from primary 
health care (15) followed by digital communication and phys-
iotherapy was relatively low. It therefore seems that the gen-
eral physical status of patients could be improved with more 
purposeful pre-habilitation (Tables 4 and 2, see Appendix) (11). 

Surgical site complications were identified in 16% of the 
patients, which is higher than in previous reports of 5.5–14.3% 
(28), although definitions likely vary. 

Superficial SSI occurred in 8%, which is higher than the 1% 
to 2.5% reported from the USA (29) but similar to the 7% in 
Sweden (1). We identified an association with elevated BMI 
and HbA1c. With the high number of patients with BMI ≥ 
30 and patients with elevated HbA1c without a diagnosis of 
diabetes (Tables 1 and 4), perhaps targeting these risk factors 
would be most likely to result in a reduced rate of SSI. 

Superficial SSI progressed to PJI in 7 of 57 (12%) cases, 
which is lower than in a recent report from Sweden where the 
progression rate was 29%. However, their follow-up time was 
slightly longer than was used in our study (1). 

PJI occurred in 7 patients (1%), 5 total knee and 2 total hip 
arthroplasties, which is within the range as compared with 
other studies or 0.5–2.5% and with the 1.45% PJI rate recently 
reported from the Swedish Knee Arthroplasty Register (2,30). 
All progressed from superficial SSI, and reoperation with 
debridement, antibiotics, and implant retention (DAIR opera-
tion) was necessary in all cases.

Examination of the surgical wound and removal of sutures 
occurred 2 weeks after the operation at primary care. This was, 
though, changed at the end of the study as orthopedic surgeons 
became aware of the high incidence of superficial SSI after a 
preliminary report from the study, and the last 17 patients in 
the knee arthroplasty group were followed up at the hospital 
outpatient clinic. None of those were diagnosed with a superfi-
cial SSI, which might indicate a difference in interpretation of 
infectious signs or improved performance of orthopedic sur-
geons. A visit to the hospital orthopedic outpatient clinic for 
clinical evaluation 6 weeks after operation occurred in 99% of 
cases. For the remaining 1% information at 6 weeks postoper-
atively was gathered from medical notes, either from primary 
care or hospitals and rehabilitations centers where patients had 
been admitted, so no patient was lost to follow-up. 

Limitations
The foremost limitation of the study is a rather low number of 
patients, causing a challenge to identify modifiable risk fac-
tors of SSI. Also, the follow-up time of 6 weeks is rather short 
allowing only study of acute development of PJI.

Strengths
The main strength of this study is detailed prospective gather-
ing of data, thorough follow-up and very low ratio of missing 
clinical data. No selection was performed due to health status or 
comorbidities and a high ratio of eligible patients (69%) were 
included. The demographics of the patient group are similar to 
other studies, allowing the results to be compared with them. 

Conclusion
In this study of a general population undergoing primary TJA 
after conventional preoperative preparation the prevalence of 
several known modifiable risk factors was generally in the 
lower range and deviations in these not as severe as in previ-
ous reports. However, obesity was present in 52% and dys-
glycemia and diabetes together in 19%. An association was 
found between obesity (BMI ≥ 30) and elevated HbA1C (> 
42 mmol/mol) and superficial SSI (8%), which progressed to 
PJI in 12% of cases, generating a 1% total rate of PJI in the 
patient group after 6 weeks’ follow-up. This may indicate that 
focus on these modifiable risk factors might mitigate infec-
tious adverse outcomes after primary TJA. 
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This study will lay the ground for an interventional study of 
preoperative improvement before TJA.  

MS: study initiation and design, data collection, data analysis, manuscript 
writing. MIS: data analysis, interpretation of data, manuscript writing. YO: 
study design, manuscript writing. SHS: inclusion of patients, manuscript 
writing. IG: study design, interpretation of data, manuscript writing. ELS: 
interpretation of data, manuscript writing. SK: Study initiation and design, 
data analysis and interpretation, manuscript writing. 

Handling co-editors: Eivind Witsø and Robin Christensen
Acta thanks Håvard Dale and Ricardo Sousa for help with peer review of 
this study.

1. Eriksson H K, Lazarinis S. Patient-related factors associated with 
superficial surgical site infection and progression to a periprosthetic joint 
infection after elective primary total joint arthroplasty: a single-centre, 
retrospective study in Sweden. BMJ Open 2022; 12: e060754. doi: 
10.1136/bmjopen-2022-060754.

2. Gallo J, Nieslanikova E. Prevention of prosthetic joint infection: from 
traditional approaches towards quality improvement and data mining. J 
Clin Med 2020; 9. doi: 10.3390/jcm9072190.

3. Eka A, Chen A F. Patient-related medical risk factors for periprosthetic 
joint infection of the hip and knee. Ann Transl Med 2015; 3: 233. doi: 
10.3978/j.issn.2305-5839.2015.09.26.

4. Wan S, Sparring V, Cabrales D A, Jansson K, Wikman A. Clinical 
and budget impact of treating preoperative anemia in major orthopedic 
surgery: a retrospective observational study. J Arthroplasty 2020; 35: 
3084-8. doi: 10.1016/j.arth.2020.06.018.

5. Shohat N, Muhsen K, Gilat R, Rondon A J, Chen AF, Parvizi J. Inad-
equate glycemic control is associated with increased surgical site infec-
tion in total joint arthroplasty: a systematic review and meta-analysis. J 
Arthroplasty 2018; 33: 2312-21.e2313. doi: 10.1016/j.arth.2018.02.020.

6. Citak M, Toussaint B, Abdelaziz H, Klebig F, Dobinsky A, Gebauer 
M, et al. Elevated HbA1c is not a risk factor for wound complications 
following total joint arthroplasty: a prospective study. Hip Int 2020; 30: 
19-25. doi: 10.1177/1120700020926986.

7. Jämsen E, Nevalainen P, Eskelinen A, Huotari K, Kalliovalkama J, 
Moilanen T. Obesity, diabetes, and preoperative hyperglycemia as pre-
dictors of periprosthetic joint infection: a single-center analysis of 7181 
primary hip and knee replacements for osteoarthritis. J Bone Joint Surg 
Am 2012; 94: e101. doi: 10.2106/jbjs.J.01935.

8. Singh J A, Yu S, Chen L, Cleveland J D. Rates of total joint replace-
ment in the United States: future projections to 2020–2040 using the 
national inpatient sample. J Rheumatol 2019; 46: 1134-40. doi: 10.3899/
jrheum.170990.

9. Cross M B, Yi P H, Thomas C F, Garcia J, Della Valle C J. Evaluation 
of malnutrition in orthopaedic surgery. J Am Acad Orthop Surg 2014; 22: 
193-9. doi: 10.5435/jaaos-22-03-193.

10. Chan V W, Chan P K, Fu H, Cheung M H, Cheung A, Yan C H, et al. 
Preoperative optimization to prevent periprosthetic joint infection in at-
risk patients. J Orthop Surg (Hong Kong) 2020; 28: 2309499020947207. 
doi: 10.1177/2309499020947207.

11. Moyer R, Ikert K, Long K, Marsh J. The value of preoperative exercise 
and education for patients undergoing total hip and knee arthroplasty: a 
systematic review and meta-analysis. JBJS Rev 2017; 5: e2. doi: 10.2106/
jbjs.Rvw.17.00015.

12. WHO. Haemoglobin concentrations for the diagnosis of anaemia and 
assessment of severity. Vitamin and Mineral Nutrition Information 
System. Geneva: World Health Organization, 2011 (WHO/NMH/NHD/
MNM/11.1), http://www.who.int/vmnis/indicators/haemoglobin. pdf. 
2011. Available from: (Accessed November 22, 2022).

13. World Health Organization—Europe. A healthy lifestyle: WHO rec-
ommendations. 2010. Available from: https://www.who.int/europe/
news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations 
(Accessed November 22, 2022),

14. Amrein K, Scherkl M, Hoffmann M, Neuwersch-Sommeregger S, 
Köstenberger M, Tmava Berisha A, et al. Vitamin D deficiency 2.0: an 
update on the current status worldwide. Eur J Clin Nutr 2020; 74: 1498-
513. doi:10.1038/s41430-020-0558-y.

15. Swedish Professional Associations for Physical Activity. Physical 
activity in the prevention and treatment of disease. 2021. Available from: 
https://www.fyss.se/in-english/ (Accessed November 22, 2022).

16. National Healthcare Safety Network. Centers for Disease Control and 
Prevention. Surgical site infection event (SSI). 2022. Available from: 
https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf (Accessed 
November 22, 2022). 

17. Parvizi J, Tan T L, Goswami K, Higuera C, Della Valle C, Chen A 
F, et al. The 2018 definition of periprosthetic hip and knee infection: an 
evidence-based and validated criteria. J Arthroplasty 2018; 33: 1309-14.
e1302. doi: 10.1016/j.arth.2018.02.078.

18. ICM-Philly. 2nd International Consensus Meeting (ICM) on Muscu-
loskeletal Infection 2018. Hip & Knee 2018. Available from: https://
icmphilly.com/hip-knee/ (Accessed November 22, 2022).

19. Lübbeke A, Silman A J, Barea C, Prieto-Alhambra D, Carr A J. 
Mapping existing hip and knee replacement registries in Europe. Health 
Policy 2018; 122: 548-57. doi: 10.1016/j.healthpol.2018.03.010.

20. Memtsoudis S G, Cozowicz C, Bekeris J, Bekere D, Liu J, Soffin E 
M, et al. Anaesthetic care of patients undergoing primary hip and knee 
arthroplasty: consensus recommendations from the International Con-
sensus on Anaesthesia-Related Outcomes after Surgery group (ICAROS) 
based on a systematic review and meta-analysis. Br J Anaesth 2019; 123: 
269-87. doi: 10.1016/j.bja.2019.05.042.

21. Pempe C, Werdehausen R, Pieroh P, Federbusch M, Petros S, Hen-
schler R, et al. Predictors for blood loss and transfusion frequency to 
guide blood saving programs in primary knee- and hip-arthroplasty. Sci 
Rep 2021; 11: 4386. doi: 10.1038/s41598-021-82779-z.

22. International Diabetes Federation—Iceland. 2022. Available from: 
https://idf.org/our-network/regions-members/europe/members/139-ice-
land.html (Accessed November 22, 2022).

23. McVey L C, Kane N, Murray H, Meek R D, Ahmed S F. Elective hip 
arthroplasty rates and related complications in people with diabetes mel-
litus. Hip Int 2022; 32(6): 717-23. doi: 10.1177/1120700020981573.

24. Shohat N, Goswami K, Tarabichi M, Sterbis E, Tan T L, Parvizi J. 
All patients should be screened for diabetes before total joint arthroplasty. 
J Arthroplasty 2018; 33: 2057-61. doi: 10.1016/j.arth.2018.02.047.

25. Katakam A, Collins A K, Sauder N, Shin D, Bragdon C R, Chen A F, et 
al. Obesity increases risk of failure to achieve the 1-year PROMIS PF-10a 
minimal clinically important difference following total joint arthroplasty. 
J Arthroplasty 2021; 36: S184-s191. doi: 10.1016/j.arth.2020.11.004.

26. Iannotti F, Prati P, Fidanza A, Iorio R, Ferretti A, Pèrez Prieto D, et 
al. Prevention of periprosthetic joint infection (PJI): a clinical practice 
protocol in high-risk patients. Trop Med Infect Dis 2020; 5. doi: 10.3390/
tropicalmed5040186.

27. Iceland Directorate of Health. Tóbaksnotkun - tölur. 2021. Avail-
able from: https://www.landlaeknir.is/tolfraedi-og-rannsoknir/tolfraedi/
heilsa-og-lidan/tobaksnotkun/ (Accessed November 22, 2022). 

28. Anatone A J, Shah R P, Jennings E L, Geller J A, Cooper H J. A risk-
stratification algorithm to reduce superficial surgical site complications in 
primary hip and knee arthroplasty. Arthroplast Today 2018; 4: 493-8. doi: 
10.1016/j.artd.2018.09.004.

29. Mistry J B, Naqvi A, Chughtai M, Gwam C, Thomas M, Higuera C 
A, et al. Decreasing the incidence of surgical-site infections after total 
joint arthroplasty. Am J Orthop (Belle Mead NJ) 2017; 46: E374-e387.

30. Thompson O, W-Dahl A, Lindgren V, Gordon M, Robertsson 
O, Stefánsdóttir A. Similar periprosthetic joint infection rates after 
and before a national infection control program: a study of 45,438 
primary total knee arthroplasties. Acta Orthop 2022; 93: 3-10. doi: 
10.1080/17453674.2021.1977532.



Acta Orthopaedica 2023; 94: 38–44  44

Appendix

Total joint arthroplasties of the hip or knee
August 27, 2018 to September 7, 2020

n = 1,075

Accepted participation in a study of 
conventional preoperative preparation

n = 744

Excluded (n = 6):
– contraindication for operation, 2
– had an operation in another joint
   within the inclusion period, 4

Patients analyzed
n = 738

None lost to follow-up

Table 2. Answers to questionnaire at preoperative visit. Values are 
count (%)

Answers Yes Not applicable Missing

During wait for surgery have you been informed of following 
health factors and possible influence of them on the outcome of 
the operation? 
Weight  321 (44) 130 (18) 21 (3)
Motion 381 (52) 112 (15) 18 (2)
Nutrition 281 (38) 138 (19) 27 (4)
Smoking 182 (25) 320 (43) 27 (4)
Still smoking at time 
 of surgery 54 (7)  11 (2)
Anemia 83 (11) 257 (35) 59 (8)
During wait for surgery have you tried to influence the following 
health factors? 
Weight 440 (60)  54 (7) 31 (4)
Motion 500 (68) 45 (6) 27 (4)
Use of 
 primary care prescribed 
    physical activity 42 (6)  486 (66)
 physiotherapy 201 (27)  388 (53)
Motion incidences/week   71 (10)
 0 114 (15)
 1 49 (7)
 2 131 (18)
 3 158 (21)
 4 93 (13)
 ≥ 5 122 (17)
Motion length, minutes   78 (11)
 0 101 (14)
 0–20 117 (16)
 20–40 200 (27)
 40–60 170 (23)
 > 60 72 (10)
Nutrition 440 (60) 57 (8) 34 (5) 
Smoking 102 (14) 450 (61) 66 (9)
Still smoking at time 
 of surgery 54 (7) 11 (2)
If previous smoker when did you quit?  434 (59)
 < 6 weeks 6 (0.8) 
 6 weeks to < 6 months 6 (0.8)
 6 months to < 1 year 6 (0.8)
 ≥ 1 year 286 (39) 
Anemia 
 (treatment with iron) 22 (3) 323 (44) 90 (12)
During wait for surgery have you been in contact with other 
health care providers? 
Cardiologist 90 (12) 147 (20) 77 (10)
Pulmonologist 25 (3) 180 (24) 90 (12)
Diabetologist 14 (2) 206 (28) 90 (12)
Nephrologist 9 (1) 207 (28) 93 (13)
Primary care  58 (8)  102 (14)

Consort flow diagram.


