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Total knee arthroplasty (TKA) is a valuable treatment option for advanced osteoarthritis

in patients unresponsive to conservative treatments. Despite overall satisfactory
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Introduction

Knee osteoarthritis (OA) may occur due to a wide variety of
factors (e.g., posttraumatic, genetic, metabolic, biomechani-
cal).1 2 Total knee arthroplasty (TKA) is generally accepted as
a valuable treatment for advanced OA in patients unrespon-
sive to conservative treatments. Despite overall satisfactory
results, the estimated prevalence of patients reporting minor
or no improvement of symptoms and pain after TKA remains
high, ranging from 5 to 40%.3

Vince identified nine causes of failure for TKA including:
(1) aseptic loosening; (2) tibial femoral instability; (3) patel-
lar complications and malrotation; (4) no diagnosis, the so-
called mystery knee; (5) structural failure of the implant; (6)
infection; (7) extensor mechanism rupture; (8) stiffness; and
(9) fracture.* Technical errors are still a leading cause of
failure and TKAs should be performed in high volume
centers.”® A significant association between low surgeon
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results, the rate of unsatisfied patients after TKA remains high, ranging from 5 to
40%. Different modifiable and nonmodifiable prognostic factors associated with TKA
outcomes have been described. The correction, whenever possible, of modifiable
factors is fundamental in preoperative patients’ optimization protocols. Nonmodifiable
factors can help in predicting the outcomes and creating the right expectations in the
patients undergoing TKA. The goal of this review is to summarize the modifiable and
nonmodifiable prognostic factors associated with TKA outcomes.

volume and higher rate of infection (0.26-2.8% higher),
procedure time (165 vs. 135 minutes), longer length of
stay (0.4-2.13 days longer), transfusion rate (13 vs. 4%),
and worse patient reported outcomes was found.” However,
the rate of patients unsatisfied with their TKA is high also in
high volume centers. A multicenter study, performed by an
independent, blinded third party survey center, quantified
the degree of patient satisfaction and residual symptoms in
TKA patients. A total of 90% of patients were satisfied with
the overall function of the knee, only 66% felt their knee was
normal, with a reported incidence of residual symptoms and
functional problems ranging from 33 to 54%.%

For this reason, there is a great interest in identifying
prognostic/predictive factors significantly associated with
the outcomes of TKA. These factors can be divided in modifi-
able and nonmodifiable. The correction, whenever possible,
of modifiable factors is the cornerstone of preoperative
patients’ optimization protocols. Nonmodifiable factors can
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help predicting the outcomes and creating the right expecta-
tions in patients undergoing TKA. The goal of this review,
based on the recent literature, is to summarize the modifi-
able and nonmodifiable prognostic factors associated with
TKA outcomes.

Nonmodifiable Prognostic Factors

Female sex and young age were found to be associated with
worse outcomes and persistent postoperative pain.3'9 In a
national multicenter study, the degree of residual symptoms
and specific functional deficits in 661 young patients (aver-
age age, 54 years) was quantified at 1 to 4 years after primary
TKA. Overall, 91% of the patients were satisfied with their
pain relief. After recovery, 47% reported complete absence of
alimp and 50% had participated in their recreational activity
in the past 30 days. However, about one-third of the patients
reported residual symptoms and limitations after modern
TKA.°

Income and socioeconomic factors have also been identi-
fied as prognostic factors. Barrack et al noted that patients
reporting incomes < 25,000 USD were less likely to be
satisfied with TKA outcomes and more likely to have func-
tional limitations than patients with higher incomes.'”
Similarly, Judge et al, in a study from the Elective Orthopae-
dic Centre database (1,991 patients receiving primary TKA in
southwest London from 2005-2008) noted that patients
living in poorer areas had worse outcomes.'"

In the previously cited paper, Judge et al also noted that
patients with less severe preoperative disease (less preo-
perative pain and better function) obtained the best out-
comes compared with those with more advanced disease.'"

When considering the initial diagnosis leading to a TKA,
patients with rheumatoid arthritis did better than those with
OA, in terms of pain outcomes.'"

Modifiable Prognostic Factors

Different modifiable factors have been associated with
increased risk of: (1) infection, (2) revision, (3) patient
readmission, and (4) poor outcomes. Reducing these factors,
whenever possible, during the preoperative phase, can
decrease the number of complications and unsatisfied
patients.

Kee et al conducted a retrospective review of all revision
total hip and knee arthroplasties performed at an academic,
tertiary, referral center within 2 years of primary surgery.
The presence of body mass index (BMI) > 40, hemoglobin
Alc > 8, poor dentition, and smoking status were recorded.
Risk factors were described and compared between infected
and noninfected revisions. Out of a total of 128 revision
arthroplasties, 23 of 57 (40.4%) total hip revisions and 31 of
71 (43.7%) total knee revisions had at least one modifiable
risk factor. Infected TKA patients were more likely to smoke,
have poor dentition, and have > 1 contraindication com-
pared with noninfected patients. The authors concluded that
a high percentage of patients undergoing early revision
arthroplasty had at least one modifiable risk factor for a
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primary joint arthroplasty, and that these factors are need to
be reduced through counseling and appropriate referral for
patient optimization.'?

lorio and Osmani retrospectively reviewed a consecutive
series of 3,836 primary and revision TKAs performed at a
single institution from 2009 to 2011. Forty-one (1.07%) deep
surgical site infections were identified. Infection developed
in 26 of 3,419 (0.76%) primary cases and 15 of 417 (3.6%)
revision cases (p = 0.001). Multivariate analysis revealed
significant risk factors for infection. For primary TKA, these
included: female gender (OR [odds ratio] = 3.3), tobacco use
(OR = 3.1), pulmonary disease (OR = 5.3), Staphylococcus
aureus colonization (OR = 4). For revision TKA, these
included: diabetes mellitus (DM) complications (OR = 15)
and not-same-day surgery (OR = 3.8). For these reasons,
different institutions implemented programs to optimize
patients before total joint replacement. The New York Uni-
versity School of Medicine implemented a program to mod-
ify seven risk factors for infection including: (1) methicillin-
resistant S. aureus (MRSA) screening and decolonization,
weight-based antibiotic dosing, and use of vancomycin and
gentamycin in high-risk patients; (2) hepatitis-C screening
and treatment, HIV optimization; (3) smoking cessation
(hard stop); (4) aggressive weight control (hard stop at a
BMI of 40); (5) drug and alcohol interventions; (6) DM
control and nutritional interventions (hard stop with glucose
0.180); (7) screening for high-risk patients with venous
thromboembolic disease."

Many predictive risk factors for readmission have been
described, including: black race, discharge to inpatient reha-
bilitation, increased duration of hospital stay, advanced age,
respiratory conditions, increased BMI, diabetes, ASA (Amer-
ican Society of Anesthesiologists) grade > 2, increased
operative time, cardiovascular problems, venous throm-
boembolic disease, smoking status, behavioral or neurocog-
nitive problems, drug and alcohol abuse, physical
deconditioning, and fall risk.'* Factors such as age, race,
and ASA grade are not modifiable. The modifiable risk factors
can be inserted in models specifically designed to calculate
the risk of readmission (readmission risk assessment tool or
RRAT). With these tools, surgery can be delayed when the
score is too high, until patient’s medical optimization has
been achieved.'

Hepatitis-C and Cirrhosis

Issa et al in a matched control study on the nationwide
inpatient sample database identified patients who under-
went total hip arthroplasty (THA) or TKA in the United States
from 1998 to 2010. Controls were matched in a three-to-one
ratio to patients with hepatitis-C infection according to
surgical procedure, age, race, sex, Deyo’s comorbidity score,
and year of surgical procedure. Out of 1,700,400 total joint
arthroplasties (TJA), 8,044 patients (0.47%) had a documen-
ted hepatitis-C infection. Patients with hepatitis-C had a 30%
increased risk of any complication, a 15% increased risk of a
medical complication, a 78% increased risk of a surgical
complication, and a mean length of stay that was 14%
longer."?



Tiberi et al, in a retrospective case control study regarding
THA and TKA (115 patients per group), reported that patients
with cirrhosis had prolonged length of stay, higher rates of
discharge to nursing facilities, readmission in 90 days, urin-
ary tract infections (p < 0.01), renal failure (p = 0.03), blood
transfusions (p < 0.01), gastrointestinal hemorrhage
(p = 0.04), dislocations (p = 0.01), infections (p = 0.02),
and revisions (p = 0.04) within 90 days, compared with
matched control subjects. One-year (p = 0.01) and long-
term (p = 0.0002) mortality rates were also higher in cir-
rhosis patients. A model for end-stage liver disease (MELD)
score of 10 or greater predicted a three times increased
likelihood of any complication and 4.1 times increased like-
lihood of death. The authors concluded that patients with
cirrhosis undergoing THA and TKA should be counseled
regarding their increased risk of medical complications,
surgical complications, and death.'®

Similar results were reported by Jiang et al in a study
based on national and state-level databases, including
patients with and without liver cirrhosis who underwent
TJA. From 2000 to 2010, 16,634 patients with cirrhosis
underwent TJA. Periprosthetic joint infections were more
common after TKA in patients with cirrhosis (2.7 vs 0.8%; HR
[hazard ratio] =3.4; p < 0.001). The number of TKA surgeries
increased faster for patients with cirrhosis than for patients
without cirrhosis (213 vs. 128%; p < 0.001). Patients with
cirrhosis had higher risk of infection, longer length of hospi-
tal stay, increased costs, and higher rates of mortality, read-
mission, and reoperation.'’

Obesity and Malnutrition
Obesity is one of the most important risk factors for knee OA
and BMI > 30 is significantly associated with knee OA (OR
= 2.81)."8 Obesity is not only common in TKA patients, but is
also an established risk factor for complications after TKA.
Obese patients are more prone to have medical (thromboem-
bolic, cardiovascular and respiratory events) and anesthe-
siologic (ventilation and intubation) complications together
with a technically more demanding surgery (in terms of
exposure, alignment, and tibial fixation)."> Multiple studies
have shown worse TKA survivorship in the obese population.
Abdel et al reported that patients with a BMI > 35 had a
significantly increased risk of tibial loosening (p = 0.05).2% In
addition, morbidly obese patients with TKA have a 43.9%
increase risk of revision TKA compared with a normal BMI
group (18.5-25).2" Wallace et al in a study on 32,485 TKA
patients described that increased BMI was associated with a
significantly higher risk of wound infections (from 3-4.1%,
p < 0.05), thromboembolic events (2.0-3.3%, p < 0.01),
compared with nonobese patients.?? Similarly, in a prospec-
tive study of 1,214 consecutive TKAs, Dowsey and Choong
noted an overall infection rate of 1.5% (n = 18). The deep
prosthetic infection rate in the morbidly obese cohort (WHO
[World Health Organization] classes I-III) was significantly
greater than the rate in the nonobese cohort (OR = 8.96).23
Although BMI has been considered for a long time the
main obesity index in patients undergoing TKA, recently
other parameters have shown to better correlate with TKA
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outcomes/complications in the obese population. Watts et al
hypothesized that distances patella-skin (prepatellar thick-
ness) and tibial tubercle-skin (pretubercular thickness) mea-
sured on routine lateral knee radiographs were associated
with outcomes of TKA. Intraobserver and interobserver
reliabilities were excellent for both measurements. The
authors noted that patients who underwent TKA revision
had significantly greater prepatellar (p = 0.0001) and pre-
tubercular (p = 0.0006) soft tissue thickness compared with
the control group. Prepatellar thickness > 15 mm and pre-
tubercular thickness > 25 mm increased the risk of early
reoperation by 2.0 x (p = 0.0003) and 1.6 x (p = 0.023),
respectively, and were more predictive measurements
than BML?* Ledford et al studied percent body fat as a
predictive measurement of function after TJA. Percent
body fat is total fat mass divided by total weight and
represents a patient-specific measure that does distinguish
muscle from fat mass. In a prospective study on 215 patients
undergoing TKA or THA, the authors found that higher
percent body fat predicted occurrence of any medical or
surgical complication, University of California at Los Angeles
activity score, and pain scores, whereas BMI was not pre-
dictive of these functional outcomes. Additionally, percent
body fat was predictive of outcomes after TKA (Knee injury
and Osteoarthritis Outcome Score (KOOS) pain and KOOS
activities of daily living) but not for those after THA.2>

Recently, malnutrition (defined as hypoalbuminemia,
albumin < 3.5 g/dL) has shown to be a better predictor
than obesity for complications after TKA. Fu et al in a study
on 34,800 TKAs, showed that malnutrition prevalence
increased with BMI (6.1% in BMI > 40 vs. 3.7% in nonobese)
and that hypoalbuminemia was a stronger and more con-
sistent independent risk factor, for any complication, wound,
cardiac, or respiratory complications, and death than BMI.
The authors concluded that strategies for medical optimiza-
tion of these conditions should be implemented.?® Similarly,
Walls et al showed that hypoalbuminemia was a significant
risk factor for mortality (5.94-fold risk of 30-day mortality)
and major morbidity among THA patients, while morbid
obesity was only associated with an increased risk of super-
ficial surgical site infection.?” Yi et al in a study on 600
revision TJAs evaluated the association between nutritional
parameters (including serum albumin, total lymphocyte
count, and transferrin) and septic failure or acute infection
after revision TJA. Most patients (53%) revised for infected
TJA had one or more laboratory parameters suggestive of
malnutrition, compared with 33% of revisions for a nonin-
fectious etiology. Patients who were of normal weight at the
time of revision had the highest frequency of malnutrition
parameters (51%), compared with obese patients (32%).
Among the 375 aseptic revisions, 12 developed an acute
postoperative infection (3%). Having laboratory parameters
suggestive of malnutrition was independently associated
with both chronic TJA infection (p = 0.003; OR = 2.1) and
acute postoperative infection complicating an aseptic revi-
sion (p = 0.02; OR = 5.9).28

It has to be mentioned here that the role of bariatric surgery
as a tool for patients’ optimization before TKA is controversial.
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Werner et al evaluated three large cohorts, 90 days after TKA:
nonobese patients (n = 66,523), morbidly obese patients
(WHO class IlI) who did not undergo bariatric surgery
(n = 11294), and morbidly obese patients (WHO class III)
who underwent bariatric surgery before TKA (n = 219). The
authors found reduced rates of both major complications
(OR = 0.45; p = 0.001) and minor complications (OR = 0.61;
p = 0.01) in the bariatric cohort compared with the morbidly
obese cohort who did not undergo bariatric surgery.'>?°
Martin et al identified a cohort of 91 patients who had
undergone bariatric surgery before TKA (mean BMI before
bariatric surgery, 51.1 kg/m?; mean BMI at the time of TKA,
37.3 kg/m?). This cohort was then matched with two groups
that did not undergo bariatric surgery before TKA; a cohort
matched to the bariatric cohorts prebariatric BMI of 51 kg/m?
before TKA (1:1 match; n = 91) and a cohort matched to the
bariatric cohorts postbariatric BMI of 37 kg/m? before TKA (1:2
match; n = 182). The bariatric cohort had a higher risk of
reoperation (HR = 2.6; p = 0.02) than did the high BMI con-
trol cohort, and higher risk of reoperation (HR = 2.4; p = 0.2)
and revision (HR = 2.2; p = 0.04) than did the lower BMI
cohort. One possible explanation for worse outcomes in
bariatric patients undergoing TKA is concomitant malnutri-
tion in this population.!®3°

Diabetes Mellitus

Diabetes mellitus (DM) is an established risk factor for
infections but evidence is conflicting to what extent perio-
perative hyperglycemia, glycemic control, and treatment
around the time of surgery modify the risk of prosthetic
joint infections (PJIs). In a cohort of 20,171 THA and TKA,
Maradit Kremers et al observed a significantly higher risk of
PJIs among patients with DM (HR = 1.55), patients using
diabetes medications (HR = 1.56), and patients with perio-
perative hyperglycemia (HR = 1.59), but the effects were
attenuated after adjusting for BMI, type of surgery, ASA score,
and operative time. Although data were limited, there was no
association between hemoglobin Alc values and P]Is.31
Marchant et al identified, from the nationwide inpatient
sample, over 1 million patients who underwent TJA. These
patients were divided into three groups: (1) uncontrolled
DM (n = 3,973),(2) controlled DM (n = 105,485), and (3) no
DM (n = 920,555). The groups were compared with regard to
common surgical and systemic complications, mortality, and
hospital course alterations. Additional stratification com-
pared the effects of glucose control among patients with
type-I and type-Il DM. Compared with patients with con-
trolled DM, patients with uncontrolled DM had a signifi-
cantly increased odds of stroke (OR = 3.42), urinary tract
infection (OR = 1.97), ileus (OR = 2.47), postoperative
hemorrhage (OR = 1.99), transfusion (OR = 1.19), wound
infection (OR = 2.28), and death (OR = 3.23).3? Watts et al
compared the outcomes between nondiabetic (n = 1,284),
type II diabetic (n = 530), and insulin-dependent type II
diabetic (n = 164) morbidly obese (BMI > 40 kg/m?) patients
undergoing primary TKA at 6-year follow-up. Patients with
type II diabetes mellitus (DM) had similar outcomes when
compared with non-DM patients. However, patients with
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insulin dependence had an increased risk of reoperation
(HR = 1.8), revision (HR =2), PJI (HR = 2.1), decreased
10-year implant survivorship (84 vs. 92%) when compared
with non-DM patients.33

Vitamin D Deficiency

Recently the role of vitamin D deficiency in preoperative
joint function and TKA results has been studied. Jansen and
Haddad studied the plasma 25(OH)D3 levels measured in a
group of 139 elderly patients with advanced OA. In 33
patients (24%), a vitamin D deficiency (< 40 nmol/L) was
found and in all cases, it was associated with a secondary
hyperparathyroidism. The mean preoperative Knee Society
Score (KSS) was significantly lower in the vitamin D deficient
group than in the vitamin D sufficient group.3*

The influence of vitamin D on functional performance
before and after TKA was retrospectively reviewed by Maniar
and colleagues. Out of 120 patients, 64 had vitamin D defi-
ciency (25(OH)D3 < 30 ng/mL) preoperatively. All 120
patients received vitamin D oral supplementation postopera-
tively. Preoperative function was significantly lower in patients
with vitamin D deficiency (Western Ontario and McMaster
Universities Osteoarthritis score), but at 3 months, all func-
tional scores were similar. The authors concluded that TKA
should not be delayed in vitamin D deficient patients and
supplementation in the postoperative period is preferable.3”

Maier et al measured serum 25(0OH)D levels after admis-
sion of every patient scheduled to receive TJA (109 patients).
Additionally, serum 25(OH)D levels were measured for every
patient presenting with PJI (n = 50) or aseptic loosening
(n = 31).The prevalence of normal (> 30 ng/mL), insufficient
(20-30 ng/mL), and deficient (< 20 ng/mL) 25(0OH)D levels
was determined. All tested patient subgroups showed low 25
(OH)D levels. Patients with PJI had significantly lower 25(0H)
D levels than patients scheduled for primary arthroplasty
(p < 0.001). A significant difference was also found between
patients with PJI and patients with aseptic loosening.>®

Anxiety and Depression

Psychiatric illnesses have been identified as significant pre-
dictive factors for complications and outcomes after TKA and
many authors advise appropriate preoperative counseling.
Rasouli et al, out of 1,969 THA and TKA patients, described a
12.7% (TKA) and 6.4% (THA) prevalence of depression or
anxiety. Anxiety and depression and higher ASA score
were independent predictors of complications.” Browne
et al assessed the incidence of the diagnosis of depression
and determined the impact of this diagnosis on early post-
operative outcomes following TJA (497,222 implants). The
prevalence of depression in the arthroplasty population was
10.0%. Patients with depression were significantly more
likely to be white, female, and have Medicaid as a primary
payer. Depression was associated with a greater risk of
postoperative psychosis (OR = 1.74), anemia (OR = 1.14),
infection (OR = 1.33), and pulmonary embolism (OR
= 1.20), and a lower risk of cardiac (OR = 0.93), and gastro-
intestinal complications (OR = 0.80).3® Out 186 patients
operated with a primary TKA, Ali et al described a 15% rate



of patients dissatisfied or uncertain with the result of their
TKA 4 years postoperatively. Of the dissatisfied patients, 59%
had reported anxiety/depression preoperatively compared
with 7% in the satisfied or very satisfied groups. Patients with
preoperative anxiety or depression had more than six times
higher risk to be dissatisfied compared with patients with no
anxiety or depression.>®

Singh and Lewallen studied 7,139 primary TKAs at 2 years,
4,234 at 5 years, 1,533 revision TKAs at 2 years, and 881 at
5 years. The authors found that depression was associated
with significantly lower odds of 0.5 of “much better” knee
functional status (relative to same or worse status) 2 years
after primary TKA. A higher Deyo-Charlson index for med-
ical comorbidities was significantly associated with lower
odds of 0.5 of “much better” knee functional status after
revision TKA for every five-point increase in score.*?

Klement et al noted that the risk of complications follow-
ing total joint arthroplasty is higher among patients with
other psychiatric illnesses. The authors showed that patients
with a diagnosis of depression, bipolar disorder, or schizo-
phrenia had an increased likelihood of knee extensor
mechanism rupture (OR = 2.18), periprosthetic fracture (OR
= 2.2), prosthetic join infection (OR = 2.08), and need for
revision arthroplasty (OR = 2.01) at minimum of 2-year
follow-up.*"#?

Metal Hypersensitivity
The exact role of metal allergy/hypersensitivity is still
unknown in painful TJA. It is uncertain whether delayed-
type hypersensitivity reactions against implanted metals
contribute to osteolysis. A recent review showed that some
cytokines produced by T-helper cells (i.e., Interleukin-2 and
interferon gamma) are expressed in metal allergy and
frequently identified in histological samples from TJA
patients.*>4* Granchi et al showed that the prevalence of
metal allergy is higher after TJA (OR = 1.5) when compared
with controls, and that the prevalence is even higher when
patients with failed TJA are compared with patients with
stable TJA (OR = 2.8).45 However, it is still unknown,
whether preoperative metal allergy may be a risk factor
for revision surgery or whether it is a result of TJA failure
with secondary sensitization.** Caicedo et al showed that in
a selected group of patients (1,038 men and 1,575 women)
with painful, aseptic TJA who were referred for metal-
sensitivity testing, females exhibited a higher level of pain
and demonstrated a higher rate and severity (as measured
by lymphocyte stimulation index) of metal sensitization
compared with males.*®

Miinch et al retrieved, from Danish databases, all TKAs
and revision TKAs with a positive contact allergy patch test
(327 patients). The prevalence of contact allergy to nickel,
chromium, and cobalt was comparable in patients with
and without revision surgery. However, in patients with
two or more episodes of revision surgery, the prevalence
of cobalt and chromium allergy was markedly higher.
Metal allergy that was diagnosed before implant surgery
appeared not to increase the risk of implant failure and
revision surgery.44
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Conclusion

A better understanding of nonmodifiable negative prognos-
tic factors helps the surgeon in creating correct expectations
in patients undergoing TKA. On the other hand, a precise
knowledge of modifiable predictive factors is fundamental
in implementing preoperative optimization protocols
for TKA patient with the goal of reducing complications,
revision rate, costs, and unsatisfactory outcomes. Different
patient optimization protocols are already available in the
literature.'
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