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Abstract
Periprosthetic joint infection (PJI) remains an important complication with devastating consequences after total joint
arthroplasties. With the increasing number of arthroplasties worldwide, the number of PJI will increase correspondingly
with a significant economic burden to our healthcare system. It is likely impossible to completely eradicate PJI; hence,
assessment and optimization of its risk factors to preventing such a disastrous complication will be the key. There are
many strategies to prevent PJI in the preoperative, intraoperative, or postoperative phases. The preoperative assessment
provides a unique opportunity to screen and diagnose underlying comorbidities and optimize modifiable risk factors
before elective surgeries. In this review, we will focus on current literature in preoperative assessment of various
modifiable risk factors and share the experience and practical approach in our institution in preoperative optimization to
reduce PJI in total joint arthroplasties.
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Introduction

Despite advances in total joint arthroplasty, periprosthetic

joint infection (PJI) remains an important complication

with devastating consequences. Incidence of PJI ranges

from 0.2% to 3% in the literature published over the last

10 years1,2 and is the leading cause of revision arthroplas-

ties, carrying significant morbidity, mortality, and health-

care expenses.3–5 With the increasing number of

arthroplasties performed all across the world, the number

of PJI is expected to increase correspondingly. As it is

likely impossible to completely eradicate the possibility

of PJI, hence a better understanding and optimization of

various risk factors will be the key to preventing such a

disastrous complication.

Strategies to prevent PJI can involve preoperative,

intraoperative, or postoperative phase. Preoperative mea-

sures are utmost important as it is the first line of defense.

The preoperative assessment provides a unique opportunity

to identify high-risk individuals and optimizes modifiable

risks before proceeding to elective arthroplasties. Although

demographic risk factors are largely nonmodifiable, appre-

hending them allows a better expectation of individual risk

and enhances patient communication during informed

consent.

Various modifiable risk factors for PJI had been identi-

fied and gained research interest.6 Recent meta-analyses

have reported that rheumatologic disease, obesity,
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hypoalbuminemia, preoperative anemia, diabetes mellitus,

smoking, alcohol abuse, and history of steroid administra-

tion are significant modifiable risks for PJI.2,7–9 While

female gender and older age are nonmodifiable factors that

appear to have a protective effect on PJI in recent systema-

tic reviews and meta-analyses.2,8

In this review, we will focus on preoperative assessment

and optimization of modifiable risk factors for PJI. More-

over, we will share our experience and practical approach

in our institution in dealing with various risk factors before

total joint arthroplasty. We will focus on patients at-risk of

PJI instead of detailing general measures, such as perio-

perative antibiotic prophylaxis, the role of local infiltrative

analgesia, and wound management.

Rheumatologic diseases

Numerous studies have shown an association between PJI

and inflammatory joint diseases, such as rheumatoid arthri-

tis (RA), juvenile inflammatory arthritis, ankylosing spon-

dylitis, and psoriatic arthritis.3,7,10,11 A review of 2543

primary total knee arthroplasties (TKA) found that the PJI

rate in RA was 3.1%, which was significantly higher than

1.2% in non-RA patients.12

The reason for the increased risk in rheumatoid patients

has several folds. Firstly, they are commonly on immuno-

suppressive medications which delay wound healing and

impair immune responses. Moreover, associated skin

lesions, anemia from chronic disease, and malnutrition fur-

ther contribute to their increased risk of PJI.10 A study

investigating PJI in RA patients found that those using

prednisolone greater than 15 mg/day, underweight (body

mass index (BMI) < 18.5 kg/m2) and coexisting coronary

artery disease are significant risk factors in RA patients.13

Perioperative management of inflammatory joint dis-

ease medications is a delicate balance between the risk of

wound healing, infection, and arthritis flare. Although level

one evidence is limited, the American College of Rheuma-

tology and the American Association of Hip and Knee

Surgeons developed a guideline from expert opinions and

consensus.14 The guidelines suggest to continue nonbiolo-

gic disease-modifying antirheumatic drugs (DMARDs),

including methotrexate, sulfasalazine, hydroxychloro-

quine, leflunomide, and doxycycline, while biologic

DMARDs should be stopped for one dosing cycle before

elective total joint arthroplasty and restart after wound

healing postoperatively (typically 2 weeks after surgery).

Moreover, it recommends a continuation of the usual dose

of corticosteroids rather than administering an additional

‘stress-dose’.14 A systematic review by Loza included four

studies and concluded the continuation of low-dose metho-

trexate is safe during the perioperative period in RA

patients.15 However, the dose of methotrexate in the

included studies varies from 5 to 10 mg/week and a pro-

spective cohort observed four infections in the methotrex-

ate group, while none in the control group.15 Therefore, it

would be wise to assess the condition of each RA patient

individually and pay extra caution if decided to continue a

higher dose of methotrexate perioperatively.

Although the diagnosis of rheumatoid disease is not

modifiable, the antirheumatic medications should be

adjusted and disease activity should be controlled before

joint arthroplasties. Disease activity can be evaluated with

composite scores, such as disease activity score-28 (DAS-

28), simple disease activity index (SDAI), and clinical dis-

ease activity index.16 DAS-28 and SDAI include blood

testing for C-reactive protein (CRP) or erythrocyte sedi-

mentation rate (ESR). It is important to avoid surgery dur-

ing RA flares to reduce the risk of PJI. In our institute, we

would refer rheumatoid patients with persistently elevated

ESR or CRP to a rheumatologist for further assessment,

including ultrasound examination for subclinical synovitis,

and treat accordingly.

Diabetes mellitus

Diabetes mellitus has been associated with increased risk of

PJI and wound complications in various studies.7,17–19 The

odd ratio for surgical site infection and wound complica-

tions ranges from 1.19 to 3.75.7,17–19 Besides, uncontrolled

diabetes has a higher risk of stroke, urinary tract infection,

ileus, transfusion, and even death.18 Unfortunately, the

incidence of diabetes is increasing20 and it is reported that

22% of patients undergoing TKA are diabetic.19 Our insti-

tute performs universal hemoglobin A1c (HbA1c) screen-

ing for all arthroplasty patients and our local data found that

66% of patients scheduled for TKA are either diabetic or

prediabetic, while 39% have undiagnosed diabetes or pre-

diabetes before surgery. Our findings were consistent with

a recent study in the United States, where 33.6% had

undiagnosed dysglycemia.21

Different glycemic markers and their thresholds to pre-

dict PJI had gain lots of research interest. HbA1c and peri-

operative glucose levels are the most extensively studied

glycemic markers. A systematic review and meta-analysis

in 2017 supported the association of high HbA1c and peri-

operative hyperglycemia with PJI after joint arthroplasty.22

Cancienne et al. studied 17,435 diabetic patients and found

that the PJI increases with HbA1c and proposed a cutoff of

8 mg/dL.23 Another retrospective review by Tarabichi et al.

found that PJI was the only complication associated with a

high HbA1c and proposed a threshold of 7.7%.24 Recent

meta-analyses by Shohat et al., included 10 studies, found

that elevated HbA1c associates with a higher risk of infec-

tion after total joint arthroplasty (TJA); however, there was

a significant heterogeneity between the studies (I2 ¼
81.32%, p < 0.001), and subgroup analysis found no asso-

ciation between HbA1c greater than 7% and PJI.25

Although elevated HbA1c should be optimized, HbA1c

alone is not sensitive and reliable enough as a predictor

of PJI.
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Postoperative blood glucose is another glycemic marker

that was shown to associate with PJI. Kheir et al. reviewed

more than 20,000 arthroplasty patients and found that the

PJI increases with day 1 fasting glucose with a threshold of

137 mg/dL, regardless of the patient’s diabetic status.26

This finding was consistent with previous studies by Rea-

tegui and Mraovic, where higher day 1 fasting glucose was

associated with an increased risk of infection.27,28 Most

studies reported the morning fasting glucose on postopera-

tive day 1. Varady examined the optimal timing of glucose

measurements and found that hyperglycemia was more

common on the night of surgery in both diabetes and

non-diabetes.29 Moreover, Shohat et al. suggested that gly-

cemic variability is an important parameter associated with

PJI and mortality after total joint arthroplasty.30 Further

studies, such as continuous glucose monitoring, will be

necessary to characterize postoperative glucose profile in

arthroplasty patients.

Fructosamine was proposed in recent studies to be a

better glycemic marker in predicting PJI after TKA. HbA1c

is a marker of glycemic control over the past 3 months,

while fructosamine reflects on glycated serum proteins,

which has a half-life of 2–3 weeks. As a result, fructosa-

mine levels are more representative of short-term variation

in glucose control. A prospective multicenter study involv-

ing 1119 patients found that patients with high fructosa-

mine levels were at a much higher risk of PJI, readmission,

and reoperation at 3 months from surgery.31 A fructosa-

mine level of 293 mmol/L was proposed as a cutoff for

postoperative complications.31 More research is required

to ascertain the role of the different glycemic markers and

their thresholds in predicting PJI.

In our institution, the preoperative assessment includes

universal HbA1c screening for all TJA patients, regardless

of their diabetes status. We also started on fructosamine

screening recently given the latest evidence.31,32 If the

HbA1c result is greater than 7.5%, the patient will be

referred to an endocrinologist for further optimization

before proceeding to surgery. From our local experience,

our data showed that preoperative HbA1c screening and

optimization reduces the PJI rate in TKA patients when

compared with historical control without universal HbA1c

screening.

Anemia

Anemia is another risk factor for PJI with an adjusted

hazard ratio of 1.36 and 1.26 for total hip and knee arthro-

plasty, respectively.19,33 Greenky et al. reviewed more than

15,000 total hip and knee arthroplasties and found that

19.6% have preoperative anemia and 44% required blood

transfusion postoperatively.34 Compared with non-anemic

patients, preoperative anemia significantly increased the

risk of PJI, length of stay, and mortality.34

Optimization of preoperative anemia is important to

reduce blood transfusion and PJI. During the preoperative

assessment, the underlying cause of anemia should be

investigated and provide appropriate treatments. Options

to optimize preoperative anemia include the use of recom-

binant human erythropoietin and autologous red blood cell

transfusion.

In our institute, we follow the concept of patient blood

management and started a multidisciplinary program since

2014.35 There are three pillars of patient blood manage-

ment in reducing blood transfusion, including preoperative

hemoglobin optimization, minimize perioperative blood

loss, and improve physiological tolerance to anemia.35

We perform preoperative anemia screening and collaborate

with the hematologist for further investigations and

optimizations.36 For instance, patients suffering from

iron-deficiency anemia will have further workup for any

gastrointestinal blood loss and given iron supplements to

optimize their hemoglobin level before surgery. Combined

intravenous and intra-articular tranexamic acid is routinely

given to reduce intraoperative blood loss unless contrain-

dicated, such as a history of cerebrovascular disease or

transient ischemic attack, ischemic heart disease, acquired

on congenital coagulopathy or prior thromboembolic dis-

ease.37 Moreover, active warming during the surgery was

implemented to prevent hypothermia. Intraoperative

hypothermia is associated with greater blood loss and need

for transfusion.38,39 Finally, we employed a restrictive

transfusion policy with a stringent transfusion trigger and

a single unit transfusion.36 Our local data showed that the

transfusion rate was significantly reduced after the imple-

mentation of the patient blood management program with

no difference in the readmission rate.36

Obesity

Obesity is associated with osteoarthritis and hence it is a

commonly encountered condition during preoperative

assessment for total joint arthroplasty. Overweight, obesity,

and morbid obesity are defined according to the BMI

greater than 25 kg/m2, 30 kg/m2, and 40 kg/m2, respec-

tively.40 World Health Organization (WHO) concluded

that Asians had a substantial risk of type 2 diabetes and

cardiovascular disease at lower BMI than the existing cut-

off for overweight or obesity.41 Instead of redefining the

BMI thresholds for individual populations, WHO sug-

gested trigger points for public health intervention at BMI

greater than 23 and 27.5 kg/m2.41

Obesity is associated with a longer operation time, more

postoperative complications, and higher revision rates.42,43

It was shown by multiple studies that obesity increases the

risk of PJI with odds ratios between 1.73 to 6.4.33,44,45

Malinzak reviewed more than 6000 total joint arthroplas-

ties and found the odds of PJI is 3.2 and 18.3 times in

morbidly obese and extreme obesity patients (BMI greater

50 kg/m2).46

Despite being a modifiable risk factor, preoperative

weight loss was reported to have no effect on surgical site
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infection and readmission rates after arthroplasties.47 Bar-

iatric had been suggested as a way to optimize morbidly

obese patients before total joint arthroplasties, however,

such practice remains controversial. A recent meta-

analysis of more than 38,000 patients shown that prior

bariatric surgery was associated with better short-term out-

comes, but no effect on wound infection and long-term risk

of PJI, dislocation, fracture, and revisions.48 Springer et al.

followed-up 289 morbidly obese patients with end-stage

osteoarthritis and found that only 20% eventually received

joint arthroplasty and less than 40% were able to lower

their BMI to less than 40 kg/m2 at the time of surgery.49

Therefore, withholding surgery and hoping to incentivize

weight loss might not be a realistic approach. Although it

remains controversial on the best way to optimize obesity,

enhancing patient education and communication together

with a collaborative approach should better encourage

weight control in morbidly obese patients.

Malnutrition

Malnutrition reduced the body’s ability to synthesis col-

lagen and impair its immune response, thus affects a

patient’s wound healing and ability to fight infections.50

Malnutrition is diagnosed by various laboratory markers,

such as serum transferrin less than 200 mg/dL, serum albu-

min less than 3.5 g/dL, and total lymphocyte count less than

1500 cells/mm3.50,51 Preoperative low albumin was sug-

gested, among other malnutrition markers, to have high

specificity and positive predictive value for PJI.52

Multiple studies have reported malnutrition is associated

with an increased risk of adverse outcomes after total joint

arthroplasties, including PJI and readmissions.52,53 Huang

prospectively followed 2161 arthroplasty patients and

found that malnourished patients had a significantly higher

rate of overall complications (12% vs. 2.9%), including

hematoma formation and PJI than patients with normal

laboratory parameters.54 In Huang’s cohort, the incidence

of malnutrition was 8.5%, while 42.9% had coexisting obe-

sity.54 Malnutrition can also coexist with obesity, where

patients have high caloric but nutritionally poor diets,

so-called paradoxical malnutrition. A recent meta-

analysis included more than 250,000 patients found the

odds ratio of PJI in malnourished patients after total knee

and total hip arthroplasty were 2.55 and 3.1 respectively.55

The risk of PJI was higher in both primary and revision

total joint arthroplasties in malnourished patients.55

A prospective study by Schroer et al. supported that

nutritional intervention in malnourished patients can

improve the outcome of total joint arthroplasties.56 The

cohort that offers high protein, anti-inflammatory diet to

patients with low serum albumin had a shorter length of

stay, and lower hospital charges compared with controls.56

This provides evidence that preoperative screening of

laboratory markers and dietary intervention is important.

Malnourished patients should be referred to a dietician for

nutritional supplements before total joint arthroplasties.

Moreover, we should look out for other associated condi-

tions with malnutrition, such as alcoholism, smoking, gas-

trointestinal tract pathology, and obesity.

Vitamin D deficiency

Vitamin D deficiency, defined by serum 25-

hydroxyvitamin D less than 20 ng/mL, is unfortunately

quite common with a prevalence of 41.6% in the United

States and ranges from 13% to 80% in patients with knee or

hip arthroplasties.57–60 Besides being a key player in bone

metabolism, vitamin D also has a role in neutrophil moti-

lity, macrophage activity, and immune modulation.61,62

Vitamin D deficiency is associated with poorer postopera-

tive outcomes after arthroplasty.60,63 Moreover, vitamin D

deficiencies are more common among patients with PJI

than in primary arthroplasty and revision for aseptic loos-

ening.64 Hedge et al. reported an odds ratio of 1.76 and 2.97

for PJI requiring irrigation and debridement, and prosthesis

removal within 1 year after TKA in vitamin D deficient

patients.60

A mouse model of PJI has shown that vitamin D defi-

ciency increases the bacterial burden and neutrophil infil-

tration, while preoperative repletion of vitamin D can

reverse its effect.65 Although up till now no clinical study

demonstrates the correction of vitamin D deficiency can

reduce PJI, a cost estimation predictive model by Arshi

et al. supports the role of vitamin D repletion.66 In their

model, nonselective vitamin D repletion was more cost-

effective than selective preoperative screening and reple-

tion due to the low cost of vitamin D repletion relative to

laboratory testing.66

More high-quality clinical studies would be required to

further delineate the role of vitamin D screening and reple-

tion on outcomes after arthroplasties. We suggest selective

checking of vitamin D levels in high-risk patients and pro-

vide supplements preoperatively if deficient.

Prior intra-articular injections

Intra-articular steroid or viscosupplements are frequently

offered to patients with osteoarthritis of the knees that

failed conservative treatment. Up to 30% of TKA patients

had prior intra-articular steroid injections.67 Whether prior

intra-articular injection is a risk factor for PJI is still con-

troversial with conflicting results in the literature.

Two meta-analyses were published in 2014 and con-

cluded that prior intra-articular steroid injection did not

increase the risk of PJI.68,69 On the other hand, Cancienne

et al. reviewed more than 35,000 TKA patients and showed

that intra-articular steroid injections within 3 months before

surgery significantly increase the risk of PJI, while no dif-

ference if the injection was more than 3 months ago.70

Another retrospective review in 2017 included more than

29,000 TKA with prior corticosteroid or hyaluronic acid
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injections and 54,000 controls found a time-dependent risk

of PJI with significantly higher risk if the injections were

within 6 months before TKA.71

Because of a possible increase in risk of PJI with prior

intra-articular injections, we suggest to avoid any injections

within 6 months before TKA or delay TKA to more than 6

months after the injections.

Staphylococcus aureus nasal carrier

The reported incidence of methicillin-sensitive (MSSA)

and resistant Staphylococcus aureus (MRSA) nasal coloni-

zation in arthroplasty patients are 22% and 0.8%, respec-

tively.72 S. aureus colonizers have increased risk of

staphylococcal infection after total joint arthroplasties,

which are molecularly identical to those isolated in their

nares.73,74 Studies are showing routine MRSA and MSSA

screening and decolonization can reduce PJI.75,76 Sporer

et al. reported that selective treatment of screened positive

patients with intranasal mupirocin and chlorhexidine glu-

conate showers for 5 days can decrease surgical site infec-

tion by 69%, from 1.11% to 0.34% in their cohort.76

Moroski evaluated the current decolonization protocol and

found that although it is effective, there are still 5.2% of

patients with MSSA and 0.35% with MRSA positive cul-

ture on the day of surgery.77

International Consensus Meeting on Periprosthetic Joint

Infection in 2013 acknowledged MSSA and MRSA screen-

ing and decolonization can reduce the incidence of PJI,

however, the workgroup did not recommend universal

screening for all arthroplasty patients, as we are not sure

about the cost-effectiveness of routine screening.78 The

cost of routine S. aureus screening and decolonization are

high and there are concerns of developing resistant bacteria

strains with the widespread use of topical antibiotics.

Therefore, selective screening to high-risk patients or

healthcare workers should be considered.

Urine screening

Screening for bacteriuria before total joint arthroplasty

remains a controversial topic. International Consensus

Meeting on Orthopaedic Infection in 2018 did not recom-

mend routine preoperative urinary screening, while symp-

tomatic urinary tract infection should be treated with

antibiotics before total joint arthroplasty.79

Recent studies also found that asymptomatic bacteriuria

has no causation relationship with PJI. Weale et al. per-

formed a retrospective review of more than 4000 arthro-

plasty patients.80 Although they found a higher PJI rate in

patients with asymptomatic bacteriuria, most bacteriology

did not match.80 A meta-analysis by Gomez-Ochoa

included more than 2000 total joint arthroplasty patients

in 11 studies found no difference in the PJI rate between

treated and untreated bacteriuria.81 Hence, there is limited

evidence to support preoperative screening and treatment

of asymptomatic bacteriuria.

Dental screening

Poor oral hygiene causes transient bacteremia during daily

activities, such as tooth brushing, flossing, and chewing,

which in theory increases the risk of hematogenous seeding

of bacteria and PJI.82 The incidence of untreated dental

pathology in arthroplasty population was reported to be

23%.83 However, limited evidence demonstrating the rela-

tionship between preoperative dental clearance and PJI. A

recent retrospective review by Sonn et al. found that pre-

operative dental evaluation and extraction did not affect

complications or the rate of PJI after total joint arthroplas-

ties.84 Furthermore, the International Consensus Meeting

on Orthopaedic Infection in 2018 recognized the risk of

hematogenous spread of oral pathogens in patients with

poor oral hygiene and support patients with oral disease,

and dentition should be optimized before arthroplasty.79

However, due to limited evidence and the lack of prospec-

tive controlled studies, the workgroup in the International

Consensus Meeting in 2018 did not support routine dental

clearance before surgery.79

Conclusion

Preoperative assessment before elective arthroplasty pro-

vides an excellent opportunity to detect and optimize var-

ious risk factors for PJI. Despite our understanding of PJI

and its risk factors, it will remain as an important challenge

to arthroplasty surgeons and patients.

Prevention will be the key to tackle this challenging

complication. Preoperative evidence-based driven protocol

should be implemented to maximize our patient’s safety

and benefit in undergoing arthroplasties.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this

article.

Funding

The author(s) received no financial support for the research,

authorship, and/or publication of this article.

ORCID iDs

Vincent WK Chan https://orcid.org/0000-0003-3223-0604

PK Chan https://orcid.org/0000-0002-1969-0895

CH Yan https://orcid.org/0000-0002-7184-7589

References

1. Kunutsor SK, Beswick AD, Whitehouse MR, et al. Implant

fixation and risk of prosthetic joint infection following pri-

mary total hip replacement: meta-analysis of observational

cohort and randomised intervention studies. J Clin Med

2019; 8(5): 722.

Chan et al. 5

https://orcid.org/0000-0003-3223-0604
https://orcid.org/0000-0003-3223-0604
https://orcid.org/0000-0003-3223-0604
https://orcid.org/0000-0002-1969-0895
https://orcid.org/0000-0002-1969-0895
https://orcid.org/0000-0002-1969-0895
https://orcid.org/0000-0002-7184-7589
https://orcid.org/0000-0002-7184-7589
https://orcid.org/0000-0002-7184-7589


2. Kong L, Cao J, Zhang Y, et al. Risk factors for periprosthetic

joint infection following primary total hip or knee arthro-

plasty: a meta-analysis. Int Wound J 2017; 14(3): 529–536.

3. Bozic KJ, Kurtz SM, Lau E, et al. The epidemiology of revi-

sion total knee arthroplasty in the United States. Clin Orthop

Relat Res 2010; 468(1): 45–51.

4. Kurtz SM, Lau E, Watson H, et al. Economic burden of

periprosthetic joint infection in the United States. J Arthro-

plasty 2012; 27(8): 61–65.

5. Zmistowski B, Karam JA, Durinka JB, et al. Periprosthetic

joint infection increases the risk of one-year mortality. J Bone

Joint Surg Am 2013; 95(24): 2177–2184.

6. Kee JR, Mears SC, Edwards PK, et al. Modifiable risk factors

are common in early revision hip and knee arthroplasty. J

Arthroplasty 2017; 32(12): 3689–3692.

7. Kunutsor SK, Whitehouse MR, Blom AW, et al. Patient-

related risk factors for periprosthetic joint infection after total

joint arthroplasty: a systematic review and meta-analysis.

PloS One 2016; 11(3): e0150866.

8. Resende VAC, Neto AC, Nunes C, et al. Higher age, female

gender, osteoarthritis and blood transfusion protect against

periprosthetic joint infection in total hip or knee arthroplas-

ties: a systematic review and meta-analysis. Knee Surg Sports

Traumatol Arthrosc (2018). https://doi.org/10.1007/s00167-

018-5231-9

9. Zhu Y, Zhang F, Chen W, et al. Risk factors for periprosthetic

joint infection after total joint arthroplasty: a systematic

review and meta-analysis. J Hosp Infect 2015; 89(2): 82–89.

10. Premkumar A, Morse K, Levack AE, et al. Periprosthetic

joint infection in patients with inflammatory joint disease:

prevention and diagnosis. Curr Rheumatol Rep 2018;

20(11): 68.

11. Morrison TA, Figgie M, Miller AO, et al. Periprosthetic joint

infection in patients with inflammatory joint disease: a review

of risk factors and current approaches to diagnosis and man-

agement. HSS J 2013; 9(2): 183–194.

12. Siu KT, Ng FY, Chan PK, et al. Bacteriology and risk factors

associated with periprosthetic joint infection after primary

total knee arthroplasty: retrospective study of 2543 cases.

Hong Kong Med J 2018; 24(2): 152–157.

13. Somayaji R, Barnabe C, and Martin L. Risk factors for infec-

tion following total joint arthroplasty in rheumatoid arthritis.

Open Rheumatol J 2013; 7: 119–124.

14. Goodman SM, Springer B, Guyatt G, et al. 2017 American

College of Rheumatology/American Association of Hip and

Knee Surgeons guideline for the perioperative management

of antirheumatic medication in patients with rheumatic dis-

eases undergoing elective total hip or total knee arthroplasty.

J Arthroplasty 2017; 69(8): 1111–1124.

15. Loza E, Martinez-Lopez JA, and Carmona L. A systematic

review on the optimum management of the use of methotrex-

ate in rheumatoid arthritis patients in the perioperative period

to minimize perioperative morbidity and maintain disease

control. Clin Exp Rheumatol 2009; 27(5): 856–862.

16. Gavrila BI, Ciofu C, and Stoica V. Biomarkers in rheumatoid

arthritis, what is new? J Med Life 2016; 9(2): 144–148.

17. Stryker LS, Abdel MP, Morrey ME, et al. Elevated postopera-

tive blood glucose and preoperative hemoglobin A1c are

associated with increased wound complications following

total joint arthroplasty. J Bone Joint Surg Am 2013; 95(9):

808–814.

18. Marchant MH Jr, Viens NA, Cook C, et al. The impact of

glycemic control and diabetes mellitus on perioperative out-

comes after total joint arthroplasty. J Bone Joint Surg Am

2009; 91(7): 1621–1629.

19. Bozic KJ, Lau E, Kurtz S, et al. Patient-related risk factors for

postoperative mortality and periprosthetic joint infection in

medicare patients undergoing TKA. Clin Orthop Relat Res

2012; 470(1): 130–137.

20. Klonoff DC. The increasing incidence of diabetes in the 21st

century. J Diabetes Sci Technol 2009; 3(1): 1–2.

21. Capozzi JD, Lepkowsky ER, Callari MM, et al. The preva-

lence of diabetes mellitus and routine hemoglobin A1c

screening in elective total joint arthroplasty patients. J

Arthroplasty 2017; 32(1): 304–308.

22. Yang L, Sun Y, Li G, et al. Is hemoglobin A1c and perio-

perative hyperglycemia predictive of periprosthetic joint

infection following total joint arthroplasty? A systematic

review and meta-analysis. Medicine (Baltimore) 2017;

96(51): e8805.

23. Cancienne JM, Werner BC, and Browne JA. Is there an asso-

ciation between hemoglobin A1c and deep postoperative

infection after TKA? Clin Orthop Relat Res 2017; 475(6):

1642–1649.

24. Tarabichi M, Shohat N, Kheir MM, et al. Determining the

threshold for HbA1c as a predictor for adverse outcomes after

total joint arthroplasty: a multicenter, retrospective study. J

Arthroplasty 2017; 32(9): S263–S267.

25. Shohat N, Muhsen K, Gilat R, et al. Inadequate glycemic

control is associated with increased surgical site infection

in total joint arthroplasty: a systematic review and meta-anal-

ysis. J Arthroplasty 2018; 33(7): 2312–2321.

26. Kheir MM, Tan TL, Kheir M, et al. Postoperative blood

glucose levels predict infection after total joint arthroplasty.

J Bone Joint Surg Am 2018; 100(16): 1423–1431.

27. Mraovic B, Suh D, Jacovides C, et al. Perioperative hyper-

glycemia and postoperative infection after lower limb arthro-

plasty. J Diabetes Sci Technol 2011; 5(2): 412–418.

28. Reategui D, Sanchez-Etayo G, Nunez E, et al. Perioperative

hyperglycaemia and incidence of post-operative complica-

tions in patients undergoing total knee arthroplasty. Knee

Surg Sports Traumatol Arthrosc 2015; 23(7): 2026–2031.

29. Varady NH, Schwab PE, Jones T, et al. Optimal timing of

glucose measurements after total joint arthroplasty. J Arthro-

plasty 2019; 34(7): S152–S158.

30. Shohat N, Restrepo C, Allierezaie A, et al. Increased post-

operative glucose variability is associated with adverse out-

comes following total joint arthroplasty. J Bone Joint Surg

Am 2018; 100(13): 1110–1117.

31. Shohat N, Tarabichi M, Tan TL, et al. 2019 John Insall

Award: Fructosamine is a better glycaemic marker compared

with glycated haemoglobin (HbA1c) in predicting adverse

6 Journal of Orthopaedic Surgery 28(3)

https://doi.org/10.1007/s00167-018-5231-9
https://doi.org/10.1007/s00167-018-5231-9


outcomes following total knee arthroplasty: a prospective

multicentre study. Bone Joint J 2019; 101-b(7): 3–9.

32. Shohat N, Tarabichi M, Tischler EH, et al. Serum fructosa-

mine: a simple and inexpensive test for assessing preopera-

tive glycemic control. J Bone Joint Surg Am 2017; 99(22):

1900–19007.

33. Bozic KJ, Lau E, Kurtz S, et al. Patient-related risk factors for

periprosthetic joint infection and postoperative mortality fol-

lowing total hip arthroplasty in Medicare patients. J Bone

Joint Surg Am 2012; 94(9): 794–800.

34. Greenky M, Gandhi K, Pulido L, et al. Preoperative anemia in

total joint arthroplasty: Is it associated with periprosthetic

joint infection? Clin Orthop Relat Res 2012; 470(10):

2695–2701.

35. Isbister JP. The three-pillar matrix of patient blood manage-

ment—an overview. Best Pract Res Clin Anaesthesiol 2013;

27(1): 69–84.

36. Chan PK, Hwang YY, Cheung A, et al. Blood transfusions in

total knee arthroplasty: a retrospective analysis of a multi-

modal patient blood management programme. Hong Kong

Med J 2020; 26(3): 201–207.

37. Shang J, Wang H, Zheng B, et al. Combined intravenous and

topical tranexamic acid versus intravenous use alone in pri-

mary total knee and hip arthroplasty: a meta-analysis of ran-

domized controlled trials. Int J Surg 2016; 36(Pt A):

324–329.

38. Schmied H, Kurz A, Sessler DI, et al. Mild hypothermia

increases blood loss and transfusion requirements during total

hip arthroplasty. Lancet 1996; 347(8997): 289–292.

39. Rajagopalan S, Mascha E, Na J, et al. The effects of mild

perioperative hypothermia on blood loss and transfusion

requirement. Anesthesiology 2008; 108(1): 71–77.

40. National Institutes of Health. Clinical guidelines on the iden-

tification, evaluation, and treatment of overweight and obe-

sity in adults—the evidence report. Obes Res 1998; 6(2):

51S–209S.

41. Who EC. Appropriate body-mass index for Asian populations

and its implications for policy and intervention strategies.

Lancet 2004; 363(9403): 157–163.

42. Boyce L, Prasad A, Barrett M, et al. The outcomes of total

knee arthroplasty in morbidly obese patients: a systematic

review of the literature. Arch Orthop Trauma Surg 2019;

139(4): 553–560.

43. Hanly RJ, Marvi SK, Whitehouse SL, et al. Morbid obesity in

total knee arthroplasty: joint-specific variance in outcomes

for operative time, length of stay, and readmission. J Arthro-

plasty 2017; 32(9): 2712–2716.

44. Alamanda VK, and Springer BD. The prevention of infection:

12 modifiable risk factors. Bone Joint J 2019; 101-B(1): 3–9.

45. Jamsen E, Nevalainen P, Eskelinen A, et al. Obesity, diabetes,

and preoperative hyperglycemia as predictors of peripros-

thetic joint infection: a single-center analysis of 7181 primary

hip and knee replacements for osteoarthritis. J Bone Joint

Surg Am. 2012; 94(14): e101.

46. Malinzak RA, Ritter MA, Berend ME, et al. Morbidly obese,

diabetic, younger, and unilateral joint arthroplasty patients

have elevated total joint arthroplasty infection rates. J Arthro-

plasty 2009; 24(6): 84–88.

47. Inacio MC, Kritz-Silverstein D, Raman R, et al. The impact

of pre-operative weight loss on incidence of surgical site

infection and readmission rates after total joint arthroplasty.

J Arthroplasty 2014; 29(3): 458–464.

48. Li S, Luo X, Sun H, et al. Does prior bariatric surgery

improve outcomes following total joint arthroplasty in the

morbidly obese? A meta-analysis. J Arthroplasty 2019;

34(3): 577–585.

49. Springer BD, Roberts KM, Bossi KL, et al. What are the

implications of withholding total joint arthroplasty in the

morbidly obese? A prospective, observational study. Bone

Joint J 2019; 101-b(7): 28–32.

50. Ellsworth B, and Kamath AF. Malnutrition and total joint

arthroplasty. J Nat Sci 2016; 2(3): e179.

51. Jensen JE, Jensen TG, Smith TK, et al. Nutrition in orthopae-

dic surgery. J Bone Joint Surg Am 1982; 64(9): 1263–1272.

52. Blevins K, Aalirezaie A, Shohat N, et al. Malnutrition and the

development of periprosthetic joint infection in patients

undergoing primary elective total joint arthroplasty. J Arthro-

plasty 2018; 33(9): 2971–2975.

53. Bohl DD, Shen MR, Kayupov E, et al. Hypoalbuminemia

independently predicts surgical site infection, pneumonia,

length of stay, and readmission after total joint arthroplasty.

J Arthroplasty 2016; 31(1): 15–21.

54. Huang R, Greenky M, Kerr GJ, et al. The effect of malnutri-

tion on patients undergoing elective joint arthroplasty.

J Arthroplasty 2013; 28(8): 21–24.

55. Tsantes AG, Papadopoulos DV, Lytras T, et al. Association

of malnutrition with periprosthetic joint and surgical site

infections after total joint arthroplasty: a systematic review

and meta-analysis. J Hosp Infect 2019; 103(1): 69–77.

56. Schroer WC, LeMarr AR, Mills K, et al. 2019 Chitranjan

S. Ranawat Award: Elective joint arthroplasty outcomes

improve in malnourished patients with nutritional inter-

vention: a prospective population analysis demonstrates a

modifiable risk factor. Bone Joint J 2019; 101-b(7):

17–21.

57. Lavernia CJ, Villa JM, Iacobelli DA, et al. Vitamin D insuf-

ficiency in patients with THA: prevalence and effects on

outcome. Clin Orthop Relat Res 2014; 472(2): 681–686.

58. Forrest KY, and Stuhldreher WL. Prevalence and correlates

of vitamin D deficiency in US adults. Nutr Res 2011; 31(1):

48–54.

59. Goula T, Kouskoukis A, Drosos G, et al. Vitamin D status in

patients with knee or hip osteoarthritis in a Mediterranean

country. J Orthop Traumatol 2015; 16(1): 35–39.

60. Hegde V, Arshi A, Wang C, et al. Preoperative vitamin D

deficiency is associated with higher postoperative complica-

tion rates in total knee arthroplasty. Orthopedics 2018; 41(4):

e489–e95.

61. Hewison M. Vitamin D and the immune system: new per-

spectives on an old theme. Rheum Dis Clin 2012; 38(1):

125–139.

Chan et al. 7



62. Vanherwegen AS, Gysemans C, and Mathieu C. Vitamin D

endocrinology on the cross-road between immunity and

metabolism. Mol Cell Endocrinol 2017; 453: 52–67.

63. Nawabi DH, Chin KF, Keen RW, et al. Vitamin D deficiency

in patients with osteoarthritis undergoing total hip replace-

ment: a cause for concern? J Bone Joint Surg Br 2010; 92(4):

496–499.

64. Maier GS, Horas K, Seeger JB, et al. Is there an association

between periprosthetic joint infection and low vitamin D lev-

els? Int Orthop 2014; 38(7): 1499–1504.

65. Hegde V, Dworsky EM, Stavrakis AI, et al. Single-dose,

preoperative vitamin-D supplementation decreases infection

in a mouse model of periprosthetic joint infection. J Bone

Joint Surg Am 2017; 99(20): 1737–1744.

66. Arshi A, Shieh A, Adams JS, et al. Preoperative vitamin D

repletion in total knee arthroplasty: a cost-effectiveness

model. J Arthroplasty 2020; 35(5): 1379–1383.

67. Jones IA, Togashi R, Wilson ML, et al. Intra-articular treat-

ment options for knee osteoarthritis. Nat Rev Rheumatol

2019; 15(2): 77–90.

68. Charalambous CP, Prodromidis AD, and Kwaees TA. Do

intra-articular steroid injections increase infection rates in

subsequent arthroplasty? A systematic review and meta-

analysis of comparative studies. J Arthroplasty 2014;

29(11): 2175–2180.

69. Wang Q, Jiang X, and Tian W. Does previous intra-articular

steroid injection increase the risk of joint infection following

total hip arthroplasty or total knee arthroplasty? A meta-anal-

ysis. Med Sci Monit 2014; 20: 1878–1883.

70. Cancienne JM, Werner BC, Luetkemeyer LM, et al. Does

timing of previous intra-articular steroid injection affect the

post-operative rate of infection in total knee arthroplasty?

J Arthroplasty 2015; 30(11): 1879–1882.

71. Bedard NA, Pugely AJ, Elkins JM, et al. The John N. Insall

Award: Do intraarticular injections increase the risk of infec-

tion after TKA? Clin Orthop Relat Res 2017; 475(1): 45–52.

72. Sousa RJ, Barreira PM, Leite PT, et al. Preoperative Staphy-

lococcus aureus screening/decolonization protocol before

total joint arthroplasty—results of a small prospective rando-

mized trial. J Arthroplasty 2016; 31(1): 234–239.

73. Kalmeijer MD, van Nieuwland-Bollen E, Bogaers-Hofman

D, et al. Nasal carriage of Staphylococcus aureus is a major

risk factor for surgical-site infections in orthopedic surgery.

Infect Control Hosp Epidemiol 2000; 21(5): 319–323.

74. Weiser MC, and Moucha CS. The current state of screening

and decolonization for the prevention of Staphylococcus aur-

eus surgical site infection after total hip and knee arthro-

plasty. J Bone Joint Surg Am 2015; 97(17): 1449–1458.

75. Hacek DM, Robb WJ, Paule SM, et al. Staphylococcus aur-

eus nasal decolonization in joint replacement surgery

reduces infection. Clin Orthop Relat Res 2008; 466(6):

1349–1355.

76. Sporer SM, Rogers T, and Abella L. Methicillin-resistant

and methicillin-sensitive Staphylococcus aureus screening

and decolonization to reduce surgical site infection in elec-

tive total joint arthroplasty. J Arthroplasty 2016; 31(9):

144–147.

77. Moroski NM, Woolwine S, and Schwarzkopf R. Is preopera-

tive staphylococcal decolonization efficient in total joint

arthroplasty. J Arthroplasty 2015; 30(3): 444–446.

78. Parvizi J, Gehrke T, and Chen AF. Proceedings of the inter-

national consensus on periprosthetic joint infection. Bone

Joint J 2013; 95-B(11): 1450–1452.

79. Ares O, Arnold WV, Atilla B, et al. General assembly, pre-

vention, host related local: proceedings of international con-

sensus on orthopedic infections. J Arthroplasty 2019; 34(2):

S3–S12.

80. Weale R, El-Bakri F, and Saeed K. Pre-operative asympto-

matic bacteriuria: a risk factor for prosthetic joint infection?

J Hosp Infect 2019; 101(2): 210–213.

81. Gomez-Ochoa SA, Espin-Chico BB, Garcia-Rueda NA, et al.

Risk of surgical site infection in patients with asymptomatic

bacteriuria or abnormal urinalysis before joint arthroplasty:

systematic review and meta-analysis. Surg Infect (Larchmt)

2019; 20(3): 159–166.

82. Tomas I, Diz P, Tobias A, et al. Periodontal health status and

bacteraemia from daily oral activities: systematic review/

meta-analysis. J Clin Periodontol 2012; 39(3): 213–228.

83. Barrington JW, and Barrington TA. What is the true inci-

dence of dental pathology in the total joint arthroplasty pop-

ulation? J Arthroplasty 2011; 26(6): 88–91.

84. Sonn KA, Larsen CG, Adams W, et al. Effect of preoperative

dental extraction on postoperative complications after total

joint arthroplasty. J Arthroplasty 2019; 34(9): 2080–2084.

8 Journal of Orthopaedic Surgery 28(3)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


