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Tumor necrosis factor-a as a biomarker of infection
in total knee arthroplasty
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RESUMEN. Antecedentes: Los organismos han 
tenido que adaptarse gracias al desarrollo de me-
canismos de defensa a un entorno natural adverso 
causante de estrés agudo y crónico. Esta respuesta 
adaptativa que intenta proteger a las células contra 
agresiones letales, asocia la formación de sus siste-
mas de defensa. Material y métodos: Estudio piloto 
prospectivo observacional descriptivo con compo-
nentes analíticos donde se determinan los niveles 
basales preoperatorios en 35 pacientes sometidos 
a una artroplastía total de rodilla por presentar 
gonartrosis. A la vez se estudian 10 pacientes diag-
nosticados con artroplastía total de rodilla infecta-
das. Para encontrar diferencias y buscar posibles 
asociaciones se usó el test U de Mann-Whitney o 
el test de Fisher para comparar las variables entre 
el grupo de pacientes no infectados y el grupo con 
complicación de infección. Resultados: Encontra-
mos una diferencia estadísticamente significativa, 
mostrando niveles superiores en los pacientes in-
fectados, en el fibrinógeno, velocidad de sediment-
ación, proteína C reactiva, FNT a y temperatura, 
no teniendo utilidad clínica esta última. Conclusio-
nes: En ausencia de una especificidad diagnóstica 
las determinaciones combinadas de los reactantes 

ABSTRACT. Background: Thanks to defense 
mechanisms, organisms have had to adapt them-
selves to an adverse natural setting that causes acute 
and chronic stress. This adaptive response that tries 
to protect the cells against lethal insults uses its own 
defense systems. Material and methods: Prospec-
tive, observational, descriptive pilot study with ana-
lytic components to determine the baseline preop-
erative TNF levels of 35 patients undergoing total 
knee arthroplasty due to gonarthrosis. Ten patients 
with a diagnosis of infected total knee arthroplasty 
were also included. In order to find differences and 
possible associations, the Mann-Whitney U test or 
the Fisher test was used to compare the variables 
between the non-infected group of patients and the 
group with the infection complication. Results: We 
found a statistically significant difference; higher 
levels of fibrinogen, erythrocyte sedimentation rate, 
C-reactive protein, TNF-a and temperature were 
found in the infected patients; temperature was not 
clinically relevant. Conclusions: In the absence of a 
diagnostic specificity, the combined determinations 
of acute phase reactants may be useful to detect the 
presence and intensity of the inflammatory and in-
fectious processes.
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de fase aguda pueden ser útiles para detectar la 
presencia y la intensidad de los procesos inflama-
torios e infecciosos.

Palabras clave: factor de necrosis tumoral alfa, 
biomarcadores farmacológicos, infección, artro-
plastía, rodilla.

Key words: tumor necrosis factor-alpha, bio-
markers, pharmacological, infection, arthroplasty, 
knee.

Introduction

The diagnosis of prosthetic infection is a challenge in 
the daily practice of all orthopedic surgeons, as none of the 
usual diagnostic tests have a 100% sensitivity and specific-
ity.1 The combination of several of them within a diagnostic 
algorithm has improved their yield, but not so much as to 
eradicate the diagnostic errors that cause great socioeco-
nomic and health costs, especially in false negative cases.

Tumor necrosis factor-a (TNF-a) may be an effective 
biologic marker of infection in total knee arthroplasties.

The objectives of this paper are:
1.	 To examine the biology of TNF-a in patients about to 

undergo total knee replacement surgery.
2.	 To study the biology of TNF-a in patients with a diagnosis 

of late chronic complications of an infected knee arthro-
plasty as a possible diagnostic biomarker of infection.

Material and methods

Observational, prospective, descriptive pilot study with 
analytical components.

A total of 35 consecutive patients were enrolled starting 
in March 2003; all of them met the following inclusion cri-
teria:

•	 Male or female patients, over age 65, with a diagnosis of 
primary gonarthrosis (Kellgren and Lawrence grades III-
IV)2 about to undergo scheduled surgery for the placement 
of a total knee prosthesis at Gregorio Marañón University 
General Hospital.

•	 Patients who gave their written informed consent to par-
ticipate in the study.

•	 Concurrently, and starting in the same date, another 10 
patients were enrolled, all of whom had undergone total 
knee replacement and had signs of infection (based on the 
predictive biomarkers used clinically and the anatomic and 
microbiologic study of the specimens obtained during the 
intervention), and met the above mentioned criteria (with 
the exception of the first one).

Since this is a pilot study, the sample size was not pre-
determined.

The demographic and clinical variables were obtained by 
means of patient anamnesis.

A 10 ml blood sample was drawn from each patient; 5 
ml were processed in the central lab at Gregorio Marañón 
University General Hospital to quantify C-reactive protein 
(CRP), fibrinogen, erythrocyte sedimentation rate (ESR), 
and the leukocyte formula and count. After 15 minutes of 
rest and coagulation, the remaining 5 ml were spinned for 
10 minutes at 2500 rpm to obtain the serum, which was 
separated in four Eppendorf tubes previously identified. The 
samples were kept at -40°C until their processing. The tu-
mor necrosis factor-a was analyzed in each one of them.

Tumor necrosis factor measurement method: Com-
mercial ELISA technique (Bender MedSystems BM-
S223INST®), according to the manufacturer’s instructions. 
The TNF-a concentration was obtained by means of in-
terpolation over a linear regression pattern curve and is 
expressed in pg/ml. TNF-a is not detected in the serum of 
healthy subjects.

All the information was collected in a record card de-
signed specifically for the study and was entered in a data 
base for its later analysis. 

Descriptive statistical tests of the measured variables 
were performed using frequency measures (absolute and 
percentages) for those measured categorically, and central-
ization and scatter measures (mean, typical deviation, me-
dian and interquartile range) for the quantitative measures.

To compare and look for possible associations, the ap-
propriate statistical tests were performed, whether paramet-
ric or non-parametric, using the Mann-Whitney U test (in 
quantitative variables) or Fisher’s test (in categorical vari-
ables) to compare the variables between the infected and 
non-infected primary knee arthroplasties.

The significance was p < 0.05. The SPSS 15 statistical 
software for Windows was used.

This work was carried out in collaboration with the cel-
lular biology lab at the Experimental Medicine and Surgery 
Unit, Gregorio Marañón University General Hospital. 

This work was conducted following the good clinical 
practice guidelines and fully accepting the ethical standards 
in force (Declaration of Helsinki, 2000 Edinburgh revision).

This protocol was reviewed, approved and sponsored by the 
Research Committee and the Clinical Research Ethics Com-
mittee at Gregorio Marañón University General Hospital.

All patients were asked to give their written informed 
consent by means of a form in order to participate in this 
project. They were informed about the objective of the 
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	 Patients with primary	 Patients with infected	
	 total knee prosthesis	 total knee prosthesis	 Statistical significance
Variables	 N = 20	 N = 10	 (p)

Female sex	 75% (15)	 80% (8)	 1 (*)
Age in years (mean ± SD)	 74 ± 5.1	 71 ± 4.4	 0.482 (**)
[median (IQR)]	 [74 (2.5)]	 [70 (5.3)]

Fisher’s test (*)      Mann-Whitney U test (**)
SD = Standard Deviation

Table 1. Microorganisms grown in the 10 infected patients.

	 GII-1	 GII-2	 GII-3	 GII-4	 GII-5	 GII-6	 GII-7	 GII-8	 GII-9	 GII-10

Staphylococcus aureus		  Yes		  Yes	 Yes	 Yes			   Yes	
Staphylococcus epidermidis	 Yes		  Yes					     Yes		
Eubacterium limos				    Yes						    
Enterobacter faecalis				    Yes						      Yes
Propionibacterium acnes					     Yes					   
Aspergillus terreus						      Yes				  
Streptococcus pyogenes A										          Yes
Bacillus sp										          Yes
Enterobacter cloacae							       Yes			 

study, the procedures, the potential risks and benefits, the 
assurance that their participation would be on a voluntary 
basis, the protection of confidentiality in agreement with the 
current legislation, and they had the opportunity to ask ques-
tions about the study.

Results

Of the 36 patients who underwent primary knee arthro-
plasty and were selected initially, we could only get com-
plete information for all the variables in 20 of them, due 
to withdrawal from the study (2 patients), sample alteration 
during collection or processing (4 patients) or budget limi-
tations (10 patients). The total number of patients with in-
fected total knee arthroplasties was 10.

Following the protocol for taking intraoperative samples 
for pathologic anatomy and microbiology, after a 2-week 
period without antibiotics that could mask the results, the 
prosthetic infection of the patients included in the study was 
confirmed. Table 1 shows the different causative agents; in-
fection due to a single microorganism occurred in 4 cases. 
Seven patients had a culture that was positive for the same 
microorganism, with the same proportion in the articular 
fluid and the biopsy culture; in 3 cases it was positive only 
in the biopsy culture.

Tables 2, 3, 4 and 5 show the results of the demographic 
characteristics, the associated medical history and the treat-
ment received prior to the intervention in the group of pa-
tients in whom a primary total knee prosthesis was implant-
ed (n = 20) and in patients with an infected knee prosthesis 
(n = 10), as well as their statistical significance.

Table 6 shows the data on the acute phase reactants for 
both groups, as well as blood pressure and temperature. Fi-
brinogen, ESR, CRP, TNF-a, and temperature were statisti-
cally significantly higher in the group of patients with an 
infected knee prosthesis.

As Table 7 and Chart 1 show, the values for tumor ne-
crosis factor-a are higher for the group of infected arthro-
plasties.

Discussion

The activation of endothelial cells, the interaction be-
tween activated platelets and leukocytes and leukocyte 
activation are key factors of hemostasis and the tissue in-
flammatory response to the insults resulting from surgical 
interventions and accidental trauma. This inflammatory-he-
mostatic process is usually a localized response at the injury 
site. Cytokines are released to increase this local response 
to provide a regulated systemic response. At times this re-
sponse occurs without control and the systemic inflamma-
tory response syndrome occurs.3,4

The activation of coagulation has been positively corre-
lated with the extension of the surgical insult, considering 
the duration of the intervention and the blood loss, as well 
as with the increase in platelet activation.

A trauma or a serious burn and major surgery induce a 
variable of immune response suppression thus increasing 
the susceptibility to infection. The immunosuppression that 
occurs after surgery seems to be the result of two mecha-
nisms that include a systemic, excessive and indiscriminate 
inflammatory response and a failure of the cell-mediated 
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Table 3. Comparison of the medical history of both groups. It is important to highlight the higher percentage of non
insulin-dependent diabetes mellitus among the patients with an infected knee prosthesis compared to non-infected ones;

the prevalence of HT is strikingly higher among non-infected patients.

	 Patients with primary total	 Patients with infected total	 Statistical 
Variables	 knee prosthesis N = 20	 knee prosthesis N = 10	 significance (p)*

Arthrosis (location outside the knees)	 25% (5)	 0% (0)	 0.140
Ulcus	 5.9% (2)	 0% (0)	 1
Hiatal hernia	 5% (1)	 0% (0)	 1
Allergies	 15% (3)	 40% (4)	 0.181
Previous surgical interventions	 80% (16)	 100% (10)	 0.272
IDDM	 10% (2)	 10% (1)	 1
NIDDM	 15% (3)	 30% (3)	 0.372
HT	 75% (15)	 50% (5)	 0.231
Coronary disease	 15% (3)	 0% (0)	 0.532
Depression	 10% (2)	 20% (2)	 0.584
Rheumatoid arthritis	 8.8% (3)	 0% (0)	 1

*Fisher’s test     IDDM: insulin-dependent diabetes mellitus     NIDDM: non insulin-dependent diabetes mellitus     HT: hypertension

Table 4. Comparison between the drug treatments of both groups. We did not find a statistically significant difference in the treatments 
that the patients in both groups were receiving.

	 Patients with primary total	 Patients with infected total	 Statistical 
Variables	 knee prosthesis N = 20	 knee prosthesis N = 10	 significance (p)*

Oral anticoagulant	 5% (1)	 0% (0)	 1
Anti-platelet aggregation agents	 15% (3)	 0% (0)	 0.532
Omeprazole	 20% (4)	 10% (1)	 0.640
Analgesics without an antiinflammatory effect	 70% (14)	 80% (8)	 0.682
NSAIDs	 25% (5)	 30% (3)	 1
Opioid patches	 10% (2)	 0% (0)	 0.540

*Fisher’s test

Table 5. Comparison of the surgical details in both groups. A trend towards the use of non-posterior stabilized implants is seen
in both groups and the infectious complication factor is not considered as an added anesthetic risk when assessing the patients during 

the presurgical visit conducted by the anesthesiology service. Unlike the non-complicated arthroplasty group, in the infected group two 
patients required the removal of the fixation material of the failed tibial osteotomies during the stage at which the prosthesis was placed, 

which led to an increased operative time and a greater insult, which theoretically favors the development of infectious complications.

	 Patients with primary total	 Patients with infected total	 Statistical 
Variables	 knee prosthesis N = 20	 knee prosthesis N = 10	 significance (p)*

Group A+	 52.6% (10)	 14.3% (1)	 0.178
Group A-	 5.3% (1)	 0% (0)	 1
Group B+	 15.8% (3)	 14.3% (1)	 1
Group O+	 26.3% (5)	 71.4% (5)	 0.069
ASA I	 20% (4)	 40% (4)	 0.384
ASA II	 60% (12)	 50% (5)	 0.705
ASA III	 20% (4)	 10% (1)	 0.640
Insall Burstein II®	 30% (6)	 20% (2)	 0.682
Profix®	 70% (14)	 80% (8)	 0.682
EMO staple	 0% (0)	 20% (2)	 0.103

*Fisher’s test

immunity. Therefore, although part of the immune system 
mounts an overwhelming response to the insult, the rest of 
it is paralyzed.

A unanimously accepted marker of inflammatory activity 
is C-reactive protein.5 It has been found to be elevated in 

major trauma, infection and uncomplicated scheduled sur-
geries, with a maximum peak between 24 and 48 hours. The 
literature shows an increase in CRP in burned patients up to 
day 6 of their course. Levels remained significantly elevat-
ed for as long as three weeks in cases in which more than 
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Table 6. Comparison with the measurement of the variables of both groups.

	 Patients with primary 	 Patients with infected	
	 total knee prosthesis N = 20	 total knee prosthesis N = 10
Variables	 (mean ± SD) [median (IQR)]	 (mean ± SD) [median (IQR)]	 Statistical significance (p)*

WBC / (mm³)	 6,855 ± 2,295	 8,400 ± 3,562
	 [7,200 (4,050)]	 [7,200 (3,225)]	 0.373
Fibrinogen mg/dl	 370.1 ± 100.3	 552 ± 172
	 [380.5 (97.8)]	 [522 (211)]	 0.001
ESR mm/h	 22.3 ± 16.1	 54 ± 41.5
	 [19.5 (17.8)]	 [37.5 (76)]	 0.039
CRP mg/dl	 0.4 ± 0.4	 3.8 ± 5.2
	 [0.4 (0.5)]	 [1.7 (5.7)]	 0.035
Temperature °C	 36.2 ± 0.3	 36.7 ± 0.5
	 [36.2 (0.5)]	 [36.8 (0.7)]	 0.008
SBP mmHg	 144 ± 20	 150 ± 20
	 [140 (29.3)]	 [150 (35)]	 0.588
DBP mmHg	 78 ± 9.9	 79 ± 11
	 [80 (10)]	 [80 (20)]	 0.650
TNF-a pg/ml	 12.16 ± 15.18	 27.32 ± 11.39
	 [3.06 (25.50)]	 [29.95 (11.20)]	 0.008

*Mann-Whitney U test

Table 7. Distribution of the TNF-a values
in both groups.

TNF-a pg/ml	 Primary TKR T0	 Infected TKR

Mean	 12.16	 27.32
Median	 3.06	 29.95
Variance	 230.29	 129.71
SD	 15.18	 11.39
Minimum	 0.00	 0.90
Maximum	 45.90	 40.20
IQR	 25.50	 11.20

30% of the body surface was affected; in cases in which less 
than 30% of the body surface was affected, a progressive 
decrease in its levels was observed.

During the past few years a number of clinical research-
ers have studied the effects of trauma on the cell media-
tors, especially on the proinflammatory cytokines such as 
TNF-a.6,7 Thus an important increase in the synthesis and 
secretion of all of these inflammatory mediators is seen in 
trauma. The levels of TNF-a and interleukin-6 (IL6) after 
elective surgery have been studied and although few chang-
es have been found in TNF-a, an elevation in acute phase 
protein CRP has been observed following the highest IL6 
peak. This correlation has been confirmed in previous stud-
ies.8-10

Therefore, TNF-a contributes to the acute phase hyper-
metabolic response that occurs following trauma. Some re-
searchers have attributed an antiinflammatory response to 
IL6 given that it blunts TNF-a and reduces IL1 activity.11

Cancer, ischemia-reperfusion, febrile processes and in-
fection induce an increase in the gene expression and syn-
thesis of heat shock proteins (HSPs). These proteins are also 
involved in the protective mechanisms against the oxidative 
stress caused by various causes such as ultraviolet radiation 

and proinflammatory cytokines including TNF-a, IL1 and 
IL6.12-14

The inflammation mediators, mainly those derived from 
arachidonic acid, reactive oxygen species and cytokines, 
are released by the injured tissue. Cytokines may alter the 
expression of the HSP genes, either directly or indirectly, 
through their pyrogenic activity. This refers particularly 
to the following cytokines: IL1 and IL2, interferons, and 
TNF-a.15 Numerous relations have been observed between 
cytokines and stress proteins.16 The significance of the role 
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of stress proteins on the development of the immune re-
sponse is evident.

The stress response inhibits the expression of the induc-
ible form of nitric oxide synthase and the increase in the 
serum levels of TNF-a. This leads to conclude that the heat 
shock response may modulate the proinflammatory response 
and thus protect the individual. It has been shown that the 
decrease in serum TNF-a is not the result of a decreased 
synthesis of the latter, but rather of the inhibition of its re-
lease by the macrophages due to a probable direct binding 
of HSP70i (heat shock protein) to TNF-a.17 Therefore a 
mechanism through which HSP70i may act as a protective 
protein in cases of sepsis is the inhibition of the proinflam-
matory response thus permitting the maintenance of the 
hemodynamic balance. Other HSP70i-mediated protective 
mechanisms have been postulated whose overexpression 
would blunt the apoptosis of the cells submitted to the ac-
tion of deleterious agents.18

The following covariables may modify the results of our 
project:

1.	 The overall prevalence of diabetes mellitus is around 5%,1 
but in our population it is approximately 25%. However, 
the infection rate has not been found to be higher in the 
people affected by this disease. We need to increase the 
sample size to study this issue.

2.	 Some authors have proposed that an ASA III patient is 
correlated with a 9 fold higher risk of having an infectious 
complication during primary knee replacement.1 This selec-
tion would partially justify the high rate of infection at the 
hospital where this study was carried out. 

	 The risk factors that more firmly have been related with 
infection in these patients include a prior surgery, another 
focus of infection at the time of surgery and the presence of 
immunosuppression. Although the infection rate reported 
is 2 fold higher in males than in females, in our sample 
80% of the infections occurred in females.

3.	 Nonsteroidal antiinflammatory agents (NSAIDs) are drugs 
with analgesic, antipyretic and antiinflammatory proper-
ties.19 Most of the effects of these drugs are mediated by 
the inhibition of the enzyme prostaglandin synthase and 
by the alteration of the eicosanoid synthesis. The cytokines 
released by macrophages are the first mediators of the acute 
inflammatory response and are considered as collabora-
tors of the progression of inflammatory conditions; their 
levels are elevated in the synovial fluid of patients with 
rheumatoid arthritis. NSAIDs are capable of activating 
the HSF (heat shock factors) transcription factors from 
a latent cytoplasmic form to a nuclear form that can bind 
to DNA.19 This way they produce a change in the gene 
expression of cells which would lead to the suppression 
of the genes involved in macrophage activation and an 
increase in the stress protein genes. Upon the activation of 
HSF1 by the NSAIDs, the former downregulates the IL1b 
gene promoters thus modulating the febrile response and 
the acute inflammatory phase.15 Through a similar mecha-

nism it decreases the synthesis of TNF-a and the adhesion 
molecules involved in macrophage activation.5

4.	 The most frequently isolated pathogenic bacteria in peri-
prosthetic profound infections are gram positives. The 
germs most frequently involved in these infections are 
Staphylococcus aureus and Staphylococcus epidermidis. 
This partially coincides with our study because we also 
found other less aggressive microorganisms involved, so 
the semiology is less full-blown than in the early acute 
infections and thus the diagnosis could be delayed. Pain is 
one of the clinical symptoms that most frequently occurred 
in our study; we must remember that it is one of the most 
characteristic markers of prosthetic infection.

	 Wilson has reported that the Staphylococcus aureus gram 
positive cocci cause 63% of infections, similar to what 
Schoifet found in his sample, where they accounted for 
58% of infections.20 Gram negative rods are associated with 
injuries characterized by long-term draining. Their preva-
lence goes up in cases of prolonged draining, but Staphy-
lococci are still the most frequent organisms. They usually 
are secondary contaminants and occur as polymicrobial 
infections. In acute blood-borne infections Staphylococcus 
aureus is the most frequent organism.21 In 3 out of 4 cases 
of early acute infections the involved germ is gram posi-
tive. The late chronic infection results from an early onset 
infection that has not been diagnosed or treated before one 
month. It has a poor response to isolated antibiotic therapy, 
so a prosthetic exchange is required. It is usually mistaken 
for an inflammatory or mechanical problem because the 
bacterial inoculum is small and patchy, and it is associated 
with coagulase-negative Staphylococcus. Staphylococcus 
epidermidis is highly capable of attaching itself to polyeth-
ylene. There is a close relation between bacterial antibiotic 
resistance and the capacity of bacteria to produce adhesion 
and colonization of the implant surface.
Patients with chronic active fistulas develop mixed infec-

tions in which several organisms are isolated. The wrong 
and continuous administration of antibiotics promotes the 
appearance of resistant bacteria.

Although it is known that some cytokines like TNF-a are 
early inflammatory mediators, there are many questions that 
arise about their role, secretion dynamics and cells respon-
sible for their release during surgical interventions and in 
the infectious complications of arthroplasty. Mancilla et al. 
related the IL1, IL6 and TNF-a levels with the prediction of 
the clinical course of neonates with severe sepsis and found 
a poor prognosis for those with elevated levels of these cy-
tokines.11 They also proved that the determination of CRP 
and TNF-a during the first few hours of life is highly spe-
cific but little sensitive in bacterial infections.

TNF-a is found as a reservoir in the surface of the cells that 
produce it, especially in macrophages and CD4+ T-lympho-
cytes. It is mobilized in various situations like the contact with 
bacterial lipopolysaccharides or surgical insults.22

Acute phase reactants offer a moderate diagnostic effi-
cacy in case of suspicion of an infectious complication, so 
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they should support the diagnosis that is based on clinical 
criteria. There is definitely no single conclusive test to make 
the diagnosis of prosthetic infection; the presence of several 
positive tests is what leads to the diagnostic suspicion of in-
fection. These and other tests will continue to be a comple-
ment during the follow-up of patients, which is necessarily 
based on a correct anamnesis and a detailed physical exam. 
Thanks to the presence of chemiluminescent enzyme immu-
noassays that are relatively simple to use, it has been pos-
sible to eliminate one of the major inconveniences for the 
determination of these parameters in the clinical practice, 
due to the complexity of their determination.

Despite the fact that during the conception and develop-
ment of this study we tried to avoid mistakes, especially 
concerning the method, every research involves unforeseen 
or new orientations once one delves deeply into the topic 
and moves ahead in this exciting undertaking. The follow-
ing limitations of our study are listed below:

1.	 One of the main inconveniences is the low prevalence of 
infection in primary total knee arthroplasties. During the 
period in which the cases were collected the observed 
prevalence was 3%, similar to the one reported in the 
literature by most centers. As a result of this the number 
of patients included in the research was less than what we 
wanted. It is true that the studies on prosthetic infections 
do not usually have large sample sizes and, in the case of 
certain variables, there is no prior research in the field of 
orthopedic surgery.

2.	 Due to the age of the sample population selected, it is 
reasonable to find concomitant diseases and use of medica-
tions, all of which may act as covariables that may affect 
the final outcome. Eliminating such covariables may pre-
vent this from happening, but then it would be even more 
difficult to enroll subjects with an infectious complication 
that, fortunately for society, occurs at a low prevalence. It 
is likely that the extension of the study by increasing the 
sample size may provide a greater statistical power to these 
preliminary results. 
There is still much to learn about the biology of acute 

phase reactants. Delving deeply into the understanding of 
their regulatory mechanisms may help us use them for the 
future diagnosis and treatment of various conditions.
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