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Abstract
Background: The incidence of super�cial surgical site infection (SSSI) may increase the risk of
subsequent periprosthetic joint infection (PJI). Optimisation or even avoiding patient-related risk factors
for SSSI preoperatively, may decrease the risk of subsequent PJI.

Purpose: To identify patient-related risk factors associated with SSSI and investigate their correlation with
the progression of PJI.  

Methods: 1,291 primary elective hip and knee prosthesis were included. Patients were personally
contacted by a nurse ≥ 3 month after surgery to answer questions about the postoperative period,
including any occurrences of SSSI. The diagnosed PJI was determined by an orthopaedic surgeon
together with a specialist in infectious diseases, and all patients with PJI underwent revision surgery. The
patient-related risk factors considered relevant were joint, age, sex, American Society of Anesthesiologists
classi�cation (ASA), body mass index (BMI), smoking, diabetes and rheumatological disease.

Results: 7,0 % of included patients developed an SSSI, and 1,9 % a PJI. Factors with a signi�cantly
increased adjusted risk ratio for SSSI were; knee surgery 1,9 (95% CI: 1,2 – 3,1), age ≥ 65 years 1,7 (95%
CI: 1,1 – 2,8), BMI ≥35 2,3 (95% CI: 1,2 – 4,2) and for PJI; knee surgery 2,6 (95% CI: 1,1 – 6,4), ASA-class
≥ 3 3,2 (95% CI: 1,3 – 7,9), BMI ≥35 3,0 (95% CI: (1,2 – 4,2) and male gender 3,0 (95% CI: (1,2 – 7,5). Male
patients showed a signi�cant risk of developing PJI following SSSI, with a risk ratio of 3,3 (95% CI: 1,1 –
10,5).

Conclusions: Male patients planned for total knee prostheses (TKA) aged 65 or over, with high ASA-class
and high BMI should be selected with care due to the increased risk of postoperative infection.

Background
Infection after total joint arthroplasty (TJA) procedures is a rare but devastating complication associated
with increased morbidity and mortality (1–5) and comes with potentially disastrous consequences for the
patient and signi�cant expenses for the community (1). Infection after TJA may either be de�ned as
super�cial; - a super�cial surgical site infection (SSSI) or deep; - periprosthetic joint infection (PJI) with
involvement of the prosthesis.

An SSSI can be present with local wound signs such as increased exudate, skin necrosis, dehiscence, and
delayed healing (6). The incidence of SSSI following TJA range from 1 to 10% (7, 8) and may increase the
risk of subsequent PJI by up to 35-times (9). The frequency of PJI ranges between 1 and 5% (10–13).
Patient-related risk factors such as obesity, RA, smoking, male gender, age, alcohol abuse, American
Society of Anesthesiologists (ASA) class > 2 and DM (14–22) have been already described as risks for
PJI. In total hip arthroplasty (THA) procedures performed in Sweden 33% of patients were ≥ 80 years old,
25% had a BMI ≥ 30, and 20% of the patients had an ASA class 2 indicating severe systematic disease
(23). In clinical praxis, the priority should be to �rst identify those patients who are at high risk for SSSI
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and PJI, aiming for patient optimisation and the opportunity to manage modi�able risk factors, in order to
decrease postoperative complications and improve the value of the arthroplasty surgery. An unanswered
question with high relevance is which of patient-related factors are associated with the progress of SSSI
to PJI.

Our study aims to �nd a way to preoperatively screen the TJA candidates for the risk of SSSI and PJI by
means of (i) elucidate patient-related risk factors associated with the development of SSSI and (ii) clarify
patient-related factors associated with the development of PJI in patients with SSSI.

Method
Study design

This cross-sectional retrospective study of primary elective prostheses in hip or knee joints included
patients in a national project designed to lower the incidence of hospital related infections (24). These
patients were personally contacted by a nurse ≥3 months after surgery to answer questions about their
postoperative period. The nurse review patients’ records to �nd out if there had been any documentation
of di�culties with wound-healing or if antibiotics were prescribed to treat an infection related to the
arthroplasty surgery.

The occurrence of SSSI was clinically assessed and veri�ed by a general practitioner or an orthopaedic
surgeon, in case of signs for postoperative infection. Whether the patient suffered from a postoperative
surgical site infection was always re-evaluated by an orthopaedic surgeon. The occurrence of PJI was
determined by an orthopaedic surgeon together with a specialist in infectious diseases. All patients with
veri�ed PJI went through revision surgery, combined with antibiotic treatment.

In a retrospective review of patient records, selected patients ful�lled the Musculoskeletal Infection
Society (MSIS) criteria for PJI (25), but those criteria had not been used at the time of diagnosis. Patient
records were reviewed for patient-related risk factors, and a local arthroplasty register was used to obtain
perioperative information about whether revision surgery had been necessary due to persistent PJI.

This study was limited to patient-related risk factors associated with the development of an SSSI and
focused on those factors it might be possible to avoid or optimise preoperatively.

The study design was reviewed and approved by the Human Research Ethics Committee (Dnr: 2019-
01425).

Study population

1,184 patients and 1,314 joints were included in this study. Because of bilateral surgery in the same
surgical session were 23 patients excluded, due to an increased risk of infection. In total were 1,291
surgeries (815 hips, 476 knees) included.
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In all knees, only cemented components were used; hip prostheses were cemented, cement-free, or
hybrids. In all cemented prostheses, antibiotic-loaded cement with gentamycin was used. All patients
received systemic pre- and perioperative antibiotic prophylaxis according to national guidelines
(cloxacillin, and in the case of penicillin allergy, clindamycin).

Statistics

Descriptive statistics were used to summarise and report demographic characteristics.

Confounders

Patient-related factors considered as relevant confounders in the correlation between arthroplasty surgery
and occurrence of SSSI or PJI were joint, sex, age, BMI, RA, ASA class, smoking, and DM.

These speci�c variables have previously been linked to both exposure and outcome and are not
considered to be in the causal pathway between potential risk factors and outcome (Figure 1).

Some of the relevant confounders were analysed as categorical;

ASA-classi�cation: <3 or ≥3

BMI: <35 or ≥35

Age: <65 years or ≥65 years

Patients with diabetes included both type 1 and 2 (drug- or diet-treated). In an initial analysis, logistic
regression was performed entering all covariates as singular variables; a crude risk ratio (RR) for SSSI
and PJI was calculated for each variable with 95 % con�dence interval (95% CI). In the next step, the
covariates were entered in the regression model, and RRs were mutually adjusted for all covariates.
Adjusted RR for each covariate were calculated for the occurrence of SSSI or PJI.

All statistical analyses were performed using SPSS (version 26.0) and p-values >0.05 were considered
statistically signi�cant.

Results
In total, 1,291 surgeries of prosthetic hip or knee joints were included. 90 joints (7,0%) developed an SSSI,
and 24 (1,9%) a PJI. Of the 90 joints with SSSI, 24 (26,7%) progressed to a PJI. In the hip cohort (815), 41
joints (5.0%) developed an SSSI, and 9 (1.1%) a PJI. In the knee cohort (476), 49 (10,0%) joints developed
an SSSI, and 15 (3.2%) a PJI, Table 1. The demographic characteristics of the cohorts are outlined in
Table 2.
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Table 1
Number of postoperative infections

Variable SSSI PJI

Total cohort (1291) 90 (7%) 24 (1,9%)

Hip (815) 41 (5%) 9 (1,1%)

Knee (476) 49 (10%) 15 (3,2%)

SSSI (super�cial surgical site infection), PJI (periprosthetic joint infection).



Page 6/21

Table 2
Demographic characteristics

Variable Total cohort Hip cohort Knee cohort Range

  n = 1291 n = 815 (63%) n = 476 (37%)  

Mean age (year) 63 61 65 18–96

Age        

< 65 729 (56%) 479 (59%) 250 (53%)  

≥ 65 562 (44%) 336 (41%) 226 (47%)  

ASA-classa        

≤ 2 1048 (82%) 679 (85%) 369 (79%)  

≥ 3 225 (18%) 125 (15%) 100 (21%)  

Mean Body mass index 28 27 29 14–51

BMIb        

< 35 1145 (90%) 743 (92%) 402 (86%)  

≥ 35 130 (10%) 63 (8%) 67 (14%)  

Gender        

Woman 731 (57%) 421 (52%) 310 (65%)  

Man 560 (43%) 394 (48%) 166 (35%)  

Smokingc        

No 1141 (90%) 716 (90%) 425 (90%)  

Yes 129 (10%) 84 (10%) 45 (10%)  

Diabetesa        

No 1145 (90%) 731 (91%) 414 (88%)  

ASA (American Society of Anaesthesiologists), BMI (Body mass index).

a missing data in 18 cases

b missing data in 16 cases

c missing data in 21 cases

d missing data in 100 cases
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Variable Total cohort Hip cohort Knee cohort Range

Yes 128 (10%) 73 (9%) 55 (12%)  

Rheumatological diseased        

No 1052 (88%) 689 (91%) 363 (83%)  

Yes 139 (12%) 67 (9%) 72 (17%)  

ASA (American Society of Anaesthesiologists), BMI (Body mass index).

a missing data in 18 cases

b missing data in 16 cases

c missing data in 21 cases

d missing data in 100 cases

Risk factors for SSSI

Risk factors with a signi�cant crude RR for development of SSSI were; knee surgery 2,2 (95% CI: 1,4–3,3),
age ≥ 65 years 1,7 (95% CI: 1,1–2,6), ASA-class ≥ 3 2,3 (95% CI: 1,4–3,7), BMI ≥ 35 2,4 (95% CI: 1,4–4,2)
and rheumatological disease 1,9 (95% CI: 1,1–3,4). When adjusted for all covariates the factors found
with signi�cant adjusted RR for SSSI were; knee surgery 1,9 (95% CI 1,2–3,1), age ≥ 65 years 1,7 (95% CI:
1,1–2,8) and BMI ≥ 35 2,3 (95% CI: 1,2–4,2) (Table 3).
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Table 3
Risk ratio (RR) for SSSI

No SSSI 1201 (93%)        

SSSI 90 (7%)        

Variable SSSI Crude RR

(95% CI)

P-value Adjusted RR

(95% CI)

P-value

Joint          

Hip 41 (45%)        

Knee 49 (55%) 2,2 (1,4–3,3) 0,000 1,9 (1,2–3,1) 0.005

Age          

< 65 40 (44%)        

≥ 65 50 (56%) 1,7 (1,1–2,6) 0,018 1,7 (1,1–2,8) 0,024

ASA classa          

≤ 2 61 (69%)        

≥ 3 28 (31%) 2,3 (1,4–3,7) 0,001 1,6 (0,9–2,7) 0,069

Body mass index          

< 35 72 (80%)        

≥ 35 18 (20%) 2,4 (1,4–4,2) 0,002 2,3 (1,2–4,2) 0,010

Gender          

Woman 49 (54%)        

Men 41 (46%) 1,1 (0,7 − 1,7) 0,666 1,4 (0,9–2,2) 0,206

Smokinga          

No 80 (90%)        

Yes 9 (10%) 1,0 (0,5 − 2,0) 0,988 1,1 (0,5–2,4) 0,836

Diabetesa          

SSSI (super�cial surgical site infection), ASA (American Society of Anaesthesiologists), CI (con�dence
interval)

a missing data in 1 case

b missing data in 6 cases
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No SSSI 1201 (93%)        

No 76 (85%)        

Yes 13 (15%) 1,6 (0,9–3,0) 0,142 1,2 (0,6–2,3) 0,606

Rheumatological diseaseb          

No 68 (81%)        

Yes 16 (19%) 1,9 (1,1–3,4) 0,031 1,7 (0,9–3,2) 0,077

SSSI (super�cial surgical site infection), ASA (American Society of Anaesthesiologists), CI (con�dence
interval)

a missing data in 1 case

b missing data in 6 cases

Risk factors for PJI

Risk factors with a signi�cant crude RR for development of PJI were knee surgery, ASA-class ≥ 3 and BMI 
≥ 35. Factors found with signi�cant adjusted RR of PJI were; knee surgery; 2,6 (95% CI: 1,1–6,4), ASA-
class ≥ 3 3,2 (95% CI: 1,3–7,9), BMI ≥ 35 3,0 (95% CI: (1, 2–4, 2) and male gender 3,0 (95% CI: 1,2–7,5)
(Table 4).
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Table 4
Risk ratio (RR) for PJI

No PJI 1267
(98,1%)

       

PJI 24 (1,9%)        

Variable PJI Crude RR

(95% CI)

P-
value

Adjusted RR (95%
CI)

P-
value

Joint          

Hip 9 (38%)        

Knee 15 (63%) 2,9 (1,3–6,7) 0,012 2,6 (1,1–6,4) 0,033

Age          

< 65 12 (50%)        

≥ 65 12 (50%) 1,3 (0,6–2,9) 0,520 1,0 (0,4–2,5) 0,941

ASA class          

≤ 2 12 (50%)        

≥ 3 12 (50%) 4,9 (2,2–
11,0)

0,000 3,2 (1,3–7,9) 0,010

Body Mass Index          

< 35 17 (71%)        

≥ 35 7 (29%) 3,8 (1,5–9,3) 0,004 3,0 (1,2–4,2) 0,032

Gender          

Woman 9 (38%)        

Men 15 (62%) 2,2 (0,9–5,1) 0,063 3,0 (1,2–7,5) 0,016

Smoking          

No 23 (96%)        

Yes 1 (4%) 0,4 (0,1–2,8) 0,345 2,2 (0,3–16,8) 0,448

Diabetes          

No 19 (79%)        

SSSI (super�cial surgical site infection), PJI (periprosthetic joint infection), ASA (American Society of
Anaesthesiologists)

CI (con�dence interval)



Page 11/21

No PJI 1267
(98,1%)

       

Yes 5 (21%) 2,4 (0,9–6,6) 0,086 1,4 (0,5–4,0) 0,544

Rheumatological
disease

         

No 19 (79%)        

Yes 5 (21%) 2,0 (0,7–5,5) 0,166 1,9 (0,6–5,5) 0,259

SSSI (super�cial surgical site infection), PJI (periprosthetic joint infection), ASA (American Society of
Anaesthesiologists)

CI (con�dence interval)

Table 5. Risk ratio (RR) for PJI in patients with SSSI  

SSSI - no PJI 66 (73%)        

SSSI - PJI 24 (27%)        

Variable PJI Crude RR

(95% CI)

P-
value

Adjusted RR

(95% CI)

P-
value

Joint          

Hip 9 (37%)        

Knee 15 (63%) 1,6 (0,6–4,1 0,357 1,5 (0,5–4,4) 0,462

Age          

< 65 12 (50%)        

≥ 65 12 (50%) 1,4 (0,5–3,5) 0,523 1,6 (0,6–4,9) 0,376

ASA-class          

≤ 2 12 (50%)        

≥ 3 12 (50%) 3,0 (1,1–8,2) 0,025 3,1 (1,0–10,0) 0,051

Body Mass Index          

< 35 17 (71%)        

≥ 35 7 (29%) 2,1 (0,7–6,1) 0,195 2,0 (0,5–8,1) 0,316

Gender          

Woman 9 (37%)        

Men 15 (63%) 2,6 (1,0–6,7) 0,055 3,3 (1,1–10,5) 0,041



Page 12/21

No PJI 1267
(98,1%)

       

SSSI (super�cial surgical site infection), PJI (periprosthetic joint infection), ASA (American Society of
Anaesthesiologists)

CI (con�dence interval)

Smoking          

No 23 (96%)        

Yes 1 (4%) 3,2 (0,4–
27,0)

0,282 0,3 (0,4–39,5) 0,230

Diabetes          

No 19 (79%)        

Yes 5 (21%) 1,9 (0,6–6,4) 0,317 1,6 (0,3–7,5) 0,556

Rheumatological disease        

No 19 (79%)        

Yes 5 (21%) 0,9 (0,3–2,8) 0,792 1,2 (0,3–5,1) 0,780

SSSI (super�cial surgical site infection), PJI (periprosthetic joint infection), ASA (American Society of
Anaesthesiologists)

CI (con�dence interval)

Risk factors for PJI in patients with SSSI

In the group of patients with SSSI, the only factor found as a signi�cant risk factor for the progress from
SSSI to PJI was male gender with an adjusted RR of 3,3 (95% CI: 1,1–10,5) (Table 5).

Table 5. Risk ratio (RR) for PJI in patients with SSSI
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SSSI - no PJI 66 (73%)        

SSSI - PJI 24 (27%)        

           

Variable PJI Crude RR

(95 % CI)

P-value Adjusted RR

(95 % CI)

P-value

Joint          

Hip 9 (37%)        

Knee 15 (63%) 1,6 (0,6 – 4,1 0,357 1,5 (0,5 – 4,4) 0,462

Age          

<65 12 (50%)        

≥65 12 (50%) 1,4 (0,5 – 3,5) 0,523 1,6 (0,6 – 4,9) 0,376

ASA-class          

≤ 2 12 (50%)        

≥ 3 12 (50%) 3,0 (1,1 – 8,2) 0,025 3,1 (1,0 – 10,0) 0,051

Body Mass Index          

<35 17 (71%)        

≥35 7 (29%) 2,1 (0,7 – 6,1) 0,195 2,0 (0,5 – 8,1) 0,316

Gender          

Woman 9 (37%)        

Men 15 (63%) 2,6 (1,0 – 6,7) 0,055 3,3 (1,1 – 10,5) 0,041

Smoking          

No 23 (96%)        

Yes 1 (4%) 3,2 (0,4 – 27,0) 0,282 0,3 (0,4 – 39,5) 0,230

Diabetes          

No 19 (79%)        

Yes 5 (21%) 1,9 (0,6 – 6,4) 0,317 1,6 (0,3 – 7,5) 0,556

Rheumatological disease        
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No 19 (79%)        

Yes 5  (21%) 0,9 (0,3 – 2,8) 0,792 1,2 (0,3 – 5,1) 0,780

SSSI (super�cial surgical site infection), PJI (periprosthetic joint infection), ASA (American Society of
Anaesthesiologists)

CI (con�dence interval)

Discussion
Our work on the correlation between patient-related risk factors and SSSI or PJI includes a large cohort of
primary hip and knee arthroplasties, with careful follow-up of each included patient. This study shows
knee surgery, age over 65, high ASA and high BMI as independent and signi�cant risk factors for
developing SSSI or PJI.

The occurrence of SSSI may increase the risk of subsequent PJI by up to 35 times (9). If it is possible to
identify high risk patients in order to optimise or even avoid patient-related risk factors preoperatively, we
may be able to decrease the risk of subsequent PJI. Super�cial wound complications are associated with
patient morbidity and higher costs to the health-care system due to prolonged hospital stay, re-admission,
ongoing treatments, and reduced patient satisfaction (9, 26, 27). The rate of SSSI (7%) and PJI (1,9%)
shown in this study is consistent with international studies showing levels of SSSI ranging from 1% to
10% (7, 28) and PJI ranging from 0.2% to 2.23% (11, 12, 14).

The results in this current study where knee surgery was found to be a statistically signi�cant risk factor
for SSSI and PJI are in line with results from earlier studies, i.e. a meta-analysis including 2,000,000
patients (37 studies) by Resende et al. (29). Patients with knee prostheses have shown a higher rate of
PJI and are known to be in greater need of revision surgery than patients with hip prostheses (12, 15, 18,
29). There is less soft tissue around the knee than around the hip, which means a shorter distance
between skin and joint. Blood circulation around the knee area is more exposed to impact as opposed to
around the hip area, and the perfusion is easier to disturb.

Age was also found to be a signi�cant risk factor for SSSI, which is congruent with results from a
retrospective study by Carroll et al., including 1,000 patients (7). It would be reasonable to assume that an
elderly patient has pre-existing medical conditions and fragile skin that can impair wound healing and
cause SSSI.

A high ASA class was shown to be a signi�cant risk factor for SSSI in univariate analysis but not shown
signi�cant after adjustment for the other covariates. The correlation between a high ASA class and SSSI
may be explained by the fact that ASA class encapsulates several other known risk factors including
smoking, DM, and obesity. Each of these, on their own, have been associated with a higher risk of surgical
site infection as a result of tissue hypoperfusion and subsequent impaired immunological function (19,
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30). All of these factors may harm wound healing and skin perfusion. Skin impairment may lead to an
SSSI, and skin perfusion must be kept robust to avoid wound complications (31).

Excess weight is generally a worrying factor, since obesity increases the risk of osteoarthritis, TJA and PJI
(32). Multiple medical comorbidities, including DM type II, hypertension and cardiovascular diseases, are
usually associated with obesity which consequently affects patients´ BMI and ASA class (33–35). In this
study, BMI ≥ 35 was found to be a risk factor for SSSI and PJI. The association between BMI and
postoperative wound complications may be explained by the need for a longer surgical incision, the
increased risk of fat necrosis, prolonged or more complicated arthroplasty surgery (36), and prolonged
postoperative wound drainage (37). The results in this current study are in line with large register-based
studies, such as the study by Sayed-Noor et al. on 83,000 patients where the risk of re-operation within 2
to 5 years was shown to be increased for patients with higher BMI class (I-III) (38) and a study by Shohat
et al. on 19,000 patients investigating the BMI cut-off threshold for association with an increased risk for
PJI (39). No threshold for PJI was found (39) however a higher BMI class showed an increased risk of PJI.

Our study found male gender to be a risk factor for the progression of SSSI into PJI. In the meta-analysis
by Resende et al. (29) male gender was found to be a risk factor for PJI and a subgroup analysis
suggested that males were at greater risk of developing PJI, especially after TKA (29). This correlation
may be attributed to some contributory behavioural factors such as smoking, diet, hygiene and alcohol
consumption, but the reasons behind this are not clear. Gender-related differences in immune response
due to bacteria such as Staphylococcus aureus and Pseudomonas aeruginosa are shown and
septicaemia and bacteraemia are shown to occur more frequently in males than females (40) but
whether or not this affects the development of SSSI or PJI has yet to be investigated.

Two of the main strengths of this study are the size of the cohort and the careful follow-up of each
patient. This meticulous post-operative follow-up con�rms that the number of recorded incidents of SSSI
are accurate, and the follow-up time of �ve years, highlights any potential cases of PJI. Similar studies
present a larger cohort but are based on registers only (41, 42) or have a shorter follow-up time (7, 8, 41).
This study exclusively includes patients with primary elective joint surgery to minimise the in�uence of
other risk factors concatenated with the initial trauma (hip fractures) or extended impact on the tissue
(revision surgery). This is an additional strength to this study since the rate of PJI is known to be higher
after trauma and revision surgery (43).

A potential limitation of this study lies in the fact that this is a retrospective study design and therefore it
is possible that there may be inaccuracies or a degree of misinterpretation of information received from
medical records. Another limitation is that SSSI is not culture-veri�ed but determined by a medical
assessment, which however re�ects the clinical reality. An additional weakness of this study is that not all
factors related to wound healing could be accounted for, such as nutrition, hygiene and wound care. This
information was particularly di�cult to obtain once patients had been discharged from the hospital. As in
infection-related research in general, where the small number of infections is a well-known challenge, this
study may have missed out on the correlation between a risk factor and postoperative infection, due to a
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statistical type II error. Though this cohort is large enough to represent the average number of elective hip
and knee prostheses performed in a common hospital, but an even larger cohort would have been
desirable.

Conclusion
In conclusion, this study indicates that older male patients with high BMI or high ASA class should be
carefully selected for TJA, especially when considered for TKA, due to the higher risk for infection.
Arthroplasty surgery entails the improved quality of life and health bene�t for patients. It is essential to
seize any possibility to optimise all prerequisites for the best achievable surgical outcome.
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Figure 1

Directed Acyclic Graph (DAG) used to select confounders. The green circle indicates the exposure. Blue
circles illustrate outcomes. Red circles indicate confounders used in the statistical model.


