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extracted, where possible, as raw numbers, plus any 
summary measures where standard deviations or confidence 
intervals were given. If no raw results were available, 
specific outcomes were described in detail. 

RESULTS 

Eligible Studies 

 A total of 105 articles met initial criteria from the initial 
MEDLINE search completed in June 2007. The search was 

updated in July 2008 and a total of 149 articles were 
identified (Fig. 1). A total of 30 studies met inclusion/exclusion 
criteria, 26 from the original search and four additional studies 
from the reference lists of these studies. 

Osteolysis 

 A total of five studies evaluated biomarkers for osteolysis 
following knee or hip arthroplasty (summarized in Table 1). 
Most comparisons were made to populations with 

Table 1. Summary of Biomarkers for Osteolysis 

 

Osteolysis No Osteolysis Healthy Control 
Outcome 

Study  

(Hip, Knee, Both) 
n Mean (SD) n Mean (SD) p-Value n Mean (SD) p-Value 

Collagen peptides          

Urinary cross-linked 

N-telopeptide of type 

I collagen 

Antonioiu 2000 

(hip) 
11 NA 8A NA p = 0.002 7 NA p = 0.0297 

 

Von Schewelov 
2006 

(hip) 

33 

34 bone collagen 
equivalents 

(BCE)/nM 
creatinine 

(12) 

127A 

29 BCE/nM 
Cr 

(15) 

p = 0.06    

Serum C-terminal 

telopeptide of type I 
collagen 

Arabmotlagh 2006 

(hip) 
53 

Significant correlation found between bone mineral density 

loss in ROI 7 at 1 year with week 3 CTX-1 values (p = 0.002) 
   

Chemokines, 

Cytokines & other 
         

Interleukin (IL)-1! 
Fiorto 2003 

(hip) 
8 

2.15pg/ml 

(1.37) 

 

10A 2.26pg/ml 

(0.89) 
p = 0.96 17 

2.02pg/ml 

(1.25) 
p = 0.79 

 
Hernigou 1999 

(hip) 
6 “Undetectable” 10B NA NA 5 “undetectable” NA 

Tumor Necorsis 

Factor-" 

Fiorto 2003 

(hip) 
8 

4.32pg/ml 

(5.2) 
10A 3.84pg/ml 

(1.13) 
p = 0.62 17 

3.42pg/ml 

(2.12) 
p = 0.95 

 
Hernigou 1999 

(hip) 
6 “undetectable” 10B NA NA 5 “undetectable” NA 

IL-6 
Fiorto 2003 

(hip) 
8 

2.86pg/ml 

(1.95) 
10A 4.58pg/ml 

(4.02) 
p = 0.24 17 

3.88pg/ml 

(2.72) 
p = 0.36 

 
Hernigou 1999 

(hip) 
6 

41pg/ml 

(17) 
10B 22pg/ml 

(6.7) 
p = 0.002 5 NA NA 

IL-11 
Fiorto 2003 

(hip) 
8 

0pg/ml 

(0) 
10A 1.22pg/ml 

(2.57) 
p = 0.27 17 

18.69pg/ml 

(10.55) 
p = 0.001 

transforming growth 
factor (TGF)-! 

Fiorto 2003 

(hip) 
8 

23175pg/ml 

(8774) 
10A 21120pg/ml 

(13657) 
p = 0.50 17 

23615pg/ml 

(10681) 
p = 0.88 

matrix 
metalloproteinase-1 

(MMP-1) 

Fiorto 2003 

(hip) 
8 

3.69pg/ml 

(1.75) 
10A 4.10pg/ml 

(1.44) 
p = 0.50 17 

3.31pg/ml 

(1.7) 
p = 0.52 

prostaglandin E-2 

(PGE-2) 

Fiorto 2003 

(hip) 
8 

1330pg/ml 

(1097) 
10A 2021pg/ml 

(1046) 
p = 0.14 17 

2893pg/ml 

(782) 
p = 0.005 

Bone Alkaline 

Phosphatase (ALP) 

Arapmotlagh 2006 

(hip) 
53 

No significant correlation found between bone mineral density 

loss in ROI 7 at 1 year with bone ALP values 
   

Osteocalcin 
Arapmotlagh 2006 

(hip) 
53 

No significant correlation found between bone mineral density 

loss in ROI 7 at 1 year with osteocalcin values 
   

C-reactive protein 
Hernigou 1999 

(hip) 
6 

10mg/L 

(2.4) 
10B 7.7mg/L 

(2.8) 
p = 0.135 5 NA NA 

AArthroplasty without osteolysis. 
BArthroplasty without osteolysis, >10 years post-op. 
ROI = region of interest. 
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arthroplasty with no osteolysis and to healthy controls 
without arthroplasty. 

 Collagen telopeptides: Three studies evaluated collagen 
telopeptides as biomarkers for osteolysis following hip 
arthroplasty. Antoniou et al. [4] reported significantly higher 
urinary cross-linked N-telopeptides of type-T collagen in 
patients with osteolysis following hip arthropathy compared 
to controls. von Schewelov et al. [5] found a near significant 
increase in urinary cross-linked N-telopeptide in the 
osteolysis versus non-osteolysis group (p=0.06), which 
became significant after adjusting for age, gender, and time 
after surgery. Arabmotlagh et al. [6] found serum C-terminal 

telopeptides of type I collagen 3 weeks post-operatively to 
be significantly correlated with bone loss one year after hip 
arthroplasty. 

 Interleukin-1! (IL-1!) and Tumor Necrosis Factor-alpha 
(TNF-"): Neither of the two studies that evaluated serum IL-
1 ! or TNF-" as a biomarker for osteolysis following hip 
arthroplasty found a significant difference between patients 
with osteolysis compared to controls [7, 8]. 

 IL-6: Two studies [7, 8] evaluated IL-6 as a biomarker 
for osteolysis following hip arthroplasty. Hernigou et al. [8]  
 

Fig. (1). Summary of screening of eligible studies. 

149 articles identified with 

updated search up to July 2008 

 

___ excluded from abstract: 

  – foreign language 

  – duplicate studies  

  – did not involve arthoplasty 

  – non-human subjects 

 1 - thrombosis outcomes 

59 studies for full-text evaluation 

33 excluded from full-text: 

 13 - tissue pathology outcomes  

 5 - osteoarthritis patients 

 4 - post-operative changes only 

 3 - no clinical outcomes measured

 3 - markers for therapies of  

       arthroplasty complications 

  1 - reviews 

 1 - no biomarkers measured 

 1 - hip fracture patients 

 1 - not specific to arthroplasty 

 1 - individual data only 

4 studies added from 

evaluation of review of 

full-text studies 

30 studies included in this review 
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Table 2. Summary of Biomarkers for Loosening of Prosthesis 

 

Loosening Non-Loosened
A 

 Healthy Control  
Outcome 

Study (Hip, 

Knee, Both) 
n Mean (SD) n Mean (SD) p-Value n Mean (SD) p-Value 

Collagen peptides          

Serum C-terminal 
propeptide of type 

I procollagen 

Schneider 
1998 

(hip) 

50 107.5 ng/ml# 

(70.4) 

50 82.2 ng/ml# 

(32.8) 

NS    

 Savarino 
2005 

(hip) 

21 98.40 ng/ml 

(57.47) 

18 124.73 ng/ml 

(53.12) 

p = 0.04 30 172.81 ng/ml 

(59.7) 

NA 

 Li 2004 

(knee) 

15C  25D 
No statistical difference between unstable 

and stable joints from 3 – 24 months post-op 
(p = 0.79, ANOVA) 

   

Serum N-terminal 
propeptide of type 

I procollagen 

Wilkinson 
2003 

(hip) 

171 

182 

46.9 ug/ml1 

(NA) 

45.6 ug/ml2 

321, 

312, 

37.5 ug/ml1 

(NA) 

38.0 ug/ml2 

(NA) 

NS    

Serum cross-
linked N-terminal 

telopeptide 

Savarino 
2005 

(hip) 

21 22.9nM 
bone 

collagen 
equivalents 

(BCE)/L* 

(6.05) 

18 17.92nMBCE/L* 

(4.24) 

p = 0.02 30 17.99nMBCE/L* 

(3.61) 

NA 

Serum cross-
linked C-terminal 

telopeptide 

Li 2004 

(knee) 

15C  25D 
Statistically higher levels in unstable joints 
vs stable joints from 6 – 24 months post-op 

(p = 0.02, ANOVA) 

   

 Wilksinson 
2003 

(hip) 

171 

182 

0.43 ng/ml1 

(NA) 

0.45 ng/ml2 

(NA) 

321, 

312, 

0.33 ng/ml1 

(NA) 

0.33 ng/ml2 

(NA) 

NS    

Serum Type III 
procollagen 

peptide 

Moreschini 
1997 

(hip) 

9 NA 13 NA NS    

Urine cross-linked 
N-telopeptide of 
type I collagen 

Schneider 
1998 

(hip) 

50 NA 50 NA p <0.0001    

 Wilkinson 
2003 

(hip) 

171 

182 

61.0nM 
BCE/mM 

Cr1,* 

(NA) 

62.3nM 
BCE/mM 

Cr2,* 

(NA) 

321, 

312, 

39.9 nM BCE/mM Cr1,* 

(NA) 

42.8nM BCE/mM Cr2,* 

(NA) 

p = 0.021 

NS2 

   

Chemokines, 
Cytokines & other 

         

Tumor Necorsis 
Factor-! 

Granchi 
1998 

(hip) 

35 0.06 pg/ml 

(0.35) 

   25 0 

(0) 

NS 

 Hundri-
Haspl 2006 

(both) 

50 32.7 pg/ml 

(32.4) 

50 22.9 pg/ml 

(18.7) 

p <0.01 50 3.9 pg/ml 

(3.9) 

p <0.001 

Interleukin (IL)-1" Granchi 
1998 

(hip) 

35 0.33 pg/ml 

(0.59) 

   25 0.37 pg/ml 

(0.5) 

NS 
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(Table 2) contd….. 

Loosening Non-Loosened
A 

 Healthy Control  
Outcome 

Study (Hip, 

Knee, Both) 
n Mean (SD) n Mean (SD) p-Value n Mean (SD) p-Value 

 Hundri-
Haspl 2006 

(both) 

50 3.7 pg/ml 

(5.5) 

50 1.5 pg/ml 

(2) 

p <0.001 50 0.7 pg/ml 

(1.1) 

p <0.001 

 Moreschini 
1997 

(hip) 

9 NA 
(detectible in 

4/9 pts) 

13 NA (detectible in 1/13 pts) NS    

IL-6 Granchi 
1998 

(hip) 

35 28.9 pg/ml 

(65) 

   25 35.3 

(45) 

NS 

 Streich 2003 23 3.97 pg/ml 

(5.33) 

23 4.08 pg/ml 

(6.11) 

NS    

IL-8 Hundri-
Haspl 2006 

(both) 

50 14.7 pg/ml 

(9) 

50 8.1 pg/ml 

(4.7) 

p <0.001 50 4.2 pg/ml 

(1.3) 

p <0.001 

IL-2 receptor Granchi 
1998 

(hip) 

35 86.6 pg/ml 

(35.5) 

   25 83.9 pg/ml 

(35) 

NS 

 Streich 2003 23 469.2U/ml 

(155.2) 

23 515U/ml 

(160.5) 

NS    

Granulocyte-
macrophage 

colony stimulating 
factor (GM-CSF) 

Granchi 
1998 

(hip) 

35 29.6 pg/ml 

(41.4) 

   25 4.4 pg/ml 

(10) 

NS 

 Streich 2003 23 0.21 pg/ml 

(1.0) 

23 not detectible NS    

Osteocalcin Wilkinson 
2003 

(hip) 

171 

182 

22.2 ng/ml1 

(NA) 

20.7 ng/ml2 

(NA) 

321, 

312, 

19.0 ng/ml1 

(NA) 

20.6 ng/ml2 

(NA) 

NS    

 Schneider 
1998 

(hip) 

50 NA 50 NA p <0.02    

 Li 2004 

(knee) 

15C  25D 
Statistically higher levels in unstable joints 
vs stable joints at 12 months post-op only  

(p = 0.03) 

   

Elastase Streich 2003 23 58.9 ng/ml 

(46.8) 

23 56.6 ng/ml 

(45.0) 

NS    

Hyaluronic acid Moreschini 
1997 

(hip) 

9 779.3ug/L 

(475.8) 

13 112.9ug/L 

(42.5) 

p <0.05    

Bone Alkaline 

Phosphatase 

Wilkinson 

2003 

(hip) 

171 

182 

32.6 U/L1 

(NA) 

28.5 U/L2 

(NA) 

321, 

312, 

27.9 U/L1 

(NA) 

28.2 U/L2 

(NA) 

NS    

 Schneider 

1998 

(hip) 

50 123.8 U/L# 

(42.5) 

50 110.4 U/L# 

(28.0) 

NS    

Nuclear factor-kB 

ligand (RANKL) 

Granchi 

2006 

(hip) 

36 1483 pg/ml 

(1179) 

33 3312 pg/ml 

(2211) 

p <0.002 20 1606 pg/ml 

(1245) 

NS 

Osteoprotegerin Granchi 
2006 

(hip) 

36 4198 pg/ml 

(286) 

33 2397 pg/ml 

(1632) 

p <0.0001 20 2586 pg/ml 

(1082) 

<0.0001 
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(Table 2) contd….. 

Loosening Non-Loosened
A 

 Healthy Control  
Outcome 

Study (Hip, 

Knee, Both) 
n Mean (SD) n Mean (SD) p-Value n Mean (SD) p-Value 
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reported significantly higher IL-6 levels in patients with 
osteolysis compared to controls, while, in contrast, Fiorto et 
al& [7] did not find a significant difference in IL-6 levels with 
similar comparison groups. 

 Other* Biomarkers evaluated by single studies included 
bone alkaline phosphatase (bone ALP) and osteocalcin [6]; 
IL-11, transforming growth factor-beta (TGF- !), matrix 
metalloproteinase-1 (MMP-1) and prostaglandin E-2 (PGE-
2) [7]; and C-reactive protein (CRP) [8]. Only IL-11 was 
significantly lower in patients with osteolysis when 
compared to healthy controls and those without osteolysis. 

Loosening 

 A total of 14 studies evaluated biomarkers for loosening 
of the prosthesis following knee or hip arthroplasty 
compared to healthy controls or patients with non-loosened 
prostheses (summarized in Table 2). Nine studies evaluated 
serum biomarkers and five, synovial fluid biomarkers. 

Serum Biomarkers  

 +olla-en Telopeptides* Five studies evaluated various 
collagen peptides as a biomarker for prosthetic loosening. 
Serum levels of a C-terminal propeptide of type I 
procollagen (PICP) were not significantly different between 
clinically loosened hip prosthetic joints and controls [9] or 
between unfixed 4s fixed knee protheses [10]. However, 
Savarino et al. [11] demonstrated a significantly lower PICP 
concentrations in loosened hip prostheses compared to stable 
hip implants. Serum N-terminal propeptide of type I 
procollagen (PINP) levels did not differ between patients 
with hip prostheis loosening and controls [12]. 

 Savarino et al. [11] reported significantly higher serum 
cross-linked N-terminal telopeptide (NTx) levels in loosened 
hip protheses compared to controls. Li et al. [10] found 
significantly higher levels of serum cross-linked C-terminal 
telopeptides (ICTP) in unfixed knee arthroplasties when 
compared to fixed joints. Conversely, Wilkinson et al. [12] 
found no difference in ICTP levels between patients with 
loosened hip prostheses and controls. Moreschini et al. [13] 
found no significant difference in type III procollagen 
peptide levels in patients with loosened hip prostheses when 
compared to controls with osteoarthritis. 

 Schneider et al. [9] and Wilkinson et al. [12] both found 
significantly increased levels of urinary crosslinked N-
telopeptides of type I collagen in patients with loosened hip 
arthroplasty when compared to stable prostheses. 

 T567"* Two studies [14, 15] evaluated TNF-" as a 
biomarker for loosening of arthroplasty. Hundri-Haspl et al. 
[15] noted significant increase in TNF-" values in patients 
with loosened knee and hip arthroplasty when compared to 
controls, while Granchi et al. [14] found no difference in 
TNF-" levels in similar comparison groups. 

 8971!* Three studies [13-15] evaluated serum IL-1! as a 
biomarker for arthroplasty loosening. Hundri-Haspl et al. 
[15] noted significant increase in IL-1! in patients with 
loosened knee and hip arthroplasty when compared to 
controls. Granchi et al. [14] did not find a difference in IL-1! 
when comparing loosened hip arthroplasty to healthy 
controls. However, on subgroup analysis, they found a  
 

significant increase in IL-1! in patients with loosened 
titaniumaluminium-vanadium (TiAIV) cemented hip 
prostheses in comparison to healthy controls as well as 
loosened cobalt-chromium (CrCoMo) hip implants 
(cemented and uncemented) and uncemented TiAIV 
implants. Moreschini et al. [13] reported detectable IL-1! in 
4 of 9 patients with loosened hip implants compared to only 
1 of 13 patients with fixed hip implant and 0 of 13 patients 
with OA prior to arthroplasty, though no statistical analysis 
was performed. 

 897;* Two studies [14, 16] found no significant 
differences in IL-6 levels in patients with loosened hip 
arthroplasty compared to controls. 

 <ranulocyte7macropha-e colony stimulatin- Aactor B<C7
+D6E* Streich et al. [16] demonstrated detectible levels of 
GM-CSF in only 1 of 23 patients with loosened hip 
arthroplasty and in 0 of 23 of fixed hip implant patients. 
Granchi et al. [14] reported significantly higher levels of 
GM-CSF in patients with a loosened hip arthroplasty when 
compared to healthy controls. This significant increase was 
demonstrated in all subgroups (cemented/uncemented TiAIV 
implants, cemented CrCoMo implants) except loosened 
uncemented CrCoMo implants which were similar to 
controls. 

 Osteocalcin* Schneider et al. [9] reported significantly 
higher osteocalcin levels in loosened versus stable 
prostheses, while Wilkinson et al. [12] found no difference 
with the same comparison. Li et al. [10] found significantly 
higher osteocalcin levels in patients with potentially unstable 
knee prostheses compared to patients with stable implants at 
12 months, but no differences were noted at 24 months. 

 Bone alkaline phosphatase (A9IE* Bone-specific ALP 
levels were similar in patients with and without loosening of 
hip prosthesis in two studies [9, 12]. 

 Jrine deoKypyridinoline* Schneider et al. [9] found 
significantly higher urine deoxypyridinonline levels in 
patients with loosened hip implants compared to stable 
implants, while Wilkinson et al. [12] reported no significant 
difference in similar comparison groups. 

 8972 receptor* Two studies [14, 16] found no significant 
differences in IL-2 receptor concentrations in patients with 
prosthesis loosening compared to controls. 

 Other* The evidence for each of the following was based 
on single studies. Significantly higher levels of 
osteoprotegerin (OPG) and RANKL [17], hyaluronic acid 
[13], urine pyridinoline [9] and IL-8 [15] were found in 
patients with loosened hip implants compared to their 
respective controls. Elastase levels were not significantly 
different between patients with loosened implant and controls 
[16]. 

Synovial Biomarkers  

 Four studies evaluated various biomarkers in synovial 
fluid as a marker for loosening of the prosthetic joint when 
compared to controls. 

 8971!* Nivbrant et al. [18] found significantly higher 
synovial 8971! in loosened hip implants compared to 
osteoarthritis patients, but were similar to patients with fixed  
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Interleukin (IL)-6 Bottner 2007 

(both) 

21 48.2 pg/ml 

(58.9) 

57A 10.6 pg/ml 

(24.2) 

p = 0.0001 

 Di Cesare 2005 
(both) 

17 50.3 pg/ml 

(40.9) 

41A 3.2 pg/ml 

(3.6) 

p <0.01 

Tumor Necrosis Factor-! 
(TNF-!) 

Bottner 2007 

(both) 

21 39.7 ng/ml 

(23.4) 

57A 23.5 ng/ml 

(13.3) 

p = 0.0011 

Procalcitonin Bottner 2007 

(both) 

21 1.5 ng/ml 

(3.3) 

57A 0.1 ng/ml 

(0.4) 

p = 0.0033 

C-reactive protein (CRP) Bottner 2007 

(both) 

21 12.0mg/dl 

(9.0) 

57A 1.1mg/dl 

(1.5) 

p <0.0001 

 Di Cesare 2005 
(both) 

17 142.0mg/L 

(145.3) 

41A 6.4mg/L 

(7.4) 

p <0.01 

 Nilsdotter 2007 

(hip) 

22 24mg/L# 

(NA) 

56B <10mg/L# 

(NA) 

p <0.001 

 Spangehl 1999 

(hip) 

prospective analysis of 142 revision hip arthoplasties:  CRP >10mg/L had sensitivity of 0.96 and 
specificity of 0.92 (specific data not provided) 

Erythrocyte sedimentation 
rate (ESR) 

Bottner 2007 

(both) 

21 63.8mm 

(24.4) 

57A 19.9mm 

(18.9) 

p <0.0001 

 Di Cesare 2005 
(both) 

17 82.0mm 

(33.1) 

41A 30.4mm 

(25.9) 

p <0.01 

 Nilsdotter 2007 

(hip) 

22 36mm# 

(NA) 

55B 14mm# 

(NA) 

p <0.001 

 Spangehl 1999 

(hip) 

prospective analysis of 171 revision hip arthoplasties: ESR >30mm had sensitivity of 0.82 and 
specificity of 0.85 (specific data not provided) 

Bacterial Markers:        

IgG lipoteichoic acid Rafiq 2000 

(both) 

15D 64,000 titer 

(47,451) 

32C 8469 titer 

(5136) 

p <0.0001 

IgM lipoteichoic acid Rafiq 2000 

(both) 

15D 3992 titer 

(4094) 

32C 3533 titer 

(3136) 

p = 0.79 

ica A operon Frank 2004 44E 
20/44 isolates (46%) 

with ica A 

23F 7/23 isolates (30%) with ica A p = 0.23 

 Frank 2004 31G 
17/31 isolates (55%) 

with ica A 

9H 5/9 isolates (56%) with ica A p = 1.0 

 Galdbert 2000 

(both) 

54G 
44/54 isolates (81.5%) 

with ica A 

23I 4/23 isolates (17.4%) with ica A p = 0.01 

Biofilm production Galdbert 2000 

(both) 

54G 
34/54 isolates (62.9%) 

with biofilm production 

23I 
2/23 isolates (8.6%) with biofilm 

production 

 

Other operons Galdbert 2000 

(both) 

54G  23I 
no significant difference in frequency of the following 

operons: clfA, atlE, fbe, fnbA, cna 

Synovial markers:        

Cytokines  
(TNF-!, IL-6, IL-1") 

Nilsdotter 2007 

(hip) 

17  47B significantly higher synovial levels in infected group vs 
aseptic loosening group (data not provided) 

Lactate Nilsdotter 2007 

(hip) 

17 5.8mmol/L# 

(NA) 

45B 5.4mmol/L# 

(NA) 

p = 0.40 

AAseptic revision arthoplasties, BAseptic loosening of hip arthroplasty, CRecent closed fracture or osteoarthritis undergoing primary osteoarthritis of the hip, DInfections with gram 

positive bacteria, ECoagulase negative staph cultures from prosthetic infections, FCoagulase negative staph cultures from non-infected prostheses, GStaph epidermidis cultures from 
prosthetic infections, HStaph epidermidis cultures from non-infected prostheses, IStaph epidermidis cultures from skin flora on healthy individuals, #Median values (mean values not 

provided). 

mein CRP 3.44 mg/L für Hüft TEP ok, insbes. weil er schon lange bei 
diesem Wert ist, sagt Koch 15.5.2015.
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hip prostheses. Similarly, Kovacik et al. [19] reported 
significantly higher synovial IL-1! levels in patients with 
loosened knee prostheses compared to osteoarthritis patients. 

 Other: Nivbrant et al. [18] demonstrated significantly 
higher synovial TNF-! levels in loosened prosthetic hip 
joints when compared to OA patients, though not when 
compared to fixed hip implants. Synovial IL-6 levels were 
similar between all of these groups, though too few 
observations were available for comparisons. Kawasaki et al. 
[20] noted significantly higher YKL-40 levels, a growth 
factor for chondrocytes and fibroblasts, in failed hip implants 
when compared to OA patients, though these levels were 
similar to patients with osteonecrosis of the hip. Other 
biomarkers found to be significantly elevated in loosened 
prostheses when compared to OA patients in single studies 
were TNF-related activation protein (TRAP) concentrations 
[19], IL-8 [21], and IL-10 [21]. Lower concentrations of 
osteocalcin, B-crosslaps, and bone ALP were also noted in 
loosened hip prostheses when compared to OA patients in a 
single study [21]. IL-1! concentrations were similar in both 
groups [21]. 

%&'()*+),-#./0+-),'/(#

 A total of seven studies evaluated biomarkers for 
infection of the prosthesis following knee or hip arthroplasty 
(summarized in Table# 1). Three studies, Rafiq et al. [22], 
Galdbert et al. [23], and Frank et al. [24] evaluated markers 
for specific infections of prosthetic joints and four studies 
evaluated diagnostic biomarkers for prosthetic infections. 

 C-reactive protein (CRP) and Erythrocyte sedimentation 
rate (ESR): Three separate studies [25-27] each found 
significantly higher CRP and ESR levels in patients infected 
prosthetic joints compared to aseptic revisions. Spangehl et 
al. [28] prospectively analyzed patients undergoing hip 
revisions and noted a sensitivity of 0.96 and specificity of 
0.92 for CRP levels >10 mg/L for infected versus aseptic 
revisions. For ESR>30, the respective sensitivity was 0.82 
and specificity, 0.85. 

 IL-6: Two studies [25, 26] each noted significantly 
higher levels of serum IL-6 in infected prosthetic joints when 
compared to aseptic joints undergoing revision arthroplasty. 

 Other cytokines: Bottner et al. [26] noted elevated levels 
of serum TNF-! and procalcitonin in patients with infected 
prosthetic joints compared to aseptic prosthetic revisions. 

 Synovial fluid markers: Nilsdotter et al. [27] noted 
significantly higher synovial fluid concentrations of TNF-!, 
IL-1", and IL-6 in those with infected prosthetic hip joints 
when compared to aseptic controls. 

 Bacterial markers: Galdbert et al. [23] evaluated bacterial 
genes from Staphylococcus epidermidis strains cultured from 
prosthetic infections as compared to S. epidermidis strains 
from skin flora of healthy controls. They found significantly 
greater frequency of biofilm production and the ica A operon 
in infected prostheses. In contrast, Frank et al. [24] found no 
difference in frequency of the ica A operon in coagulase-  
 

 

 

negative staph species cultured from prosthetic infections in 
comparison to strains obtained from prosthetic joints 
without evidence of infection. 

 Rafiq et al. [22] reported significantly elevated titers of 
IgG to cellular lipoteichoic acid in patients with prosthetic 
joint infections as compared to patients with osteoarthritis or 
closed fractures. IgM titers were similar between these 
groups. 

2T456#27T8295:#
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  Hall et al. [29] found a significant correlation between 
peak CRP levels post-operatively and pain at time of 
discharge as well as between peak IL-6 levels post-
operatively and time to be able to ambulate 10 and 25m 
following hip arthroplasty. No significant correlations were 
found between CRP or IL-6 levels post-operatively to 1 and 
6 month Western Ontario and McMaster universities 
osteoarthritis index (WOMAC) values, a measure of 
arthritis-related disability. 

 Wozniak et al. [30] prospectively found significantly 
higher nitrous oxide (NO) production from stimulated 
peripheral neutrophils 2 months and 2-3 years post-
operatively in patients with pain compared to patients 
without pain following primary knee or hip arthroplasty. 

4+)+&')'=,-#2((,0,-;),'/##

 Wilkinson et al. [31] noted significantly greater levels of 
C-telopeptide of type-I collagen, osteocalcin, and N-terminal 
propeptide of type-I procollagen in patients who developed 
heterotopic ossification at 26 weeks when compared to those 
without ossification. No differences were noted in bone 
ALP, urinary cross-linked N-telopeptide of type-I collagen, 
and urinary free deoxypridinoline. 

%'>?+)*?+>+/+#@+;&##

 Messieh et al. [32] noted a significant correlation 
between synovial lactate dehydrogenase (LDH) levels and 
polyethylene wear in eleven patients undergoing revision 
knee arthroplasty. 

4'(=,);>#2A)-'B+(##

 Ackland et al. [33] prospectively noted patients with a 
preoperative CRP >3mg/L had a significantly longer mean 
hospital stay as compared to those with CRP <3 mg/L (7.5 
vs 6.0 days, respectively) following knee or hip arthroplasty. 

C.:87::.2D#

 This systematic review of biomarkers in arthroplasty 
summarized the findings from 30 studies of clinical 
outcomes following knee and/or hip arthroplasty. Despite the 
enormous success rates of knee and hip arthroplasties, 
patients may face a number of potential complications post-
operatively and during long-term follow-up, including peri-
prosthetic osteolysis, implant loosening, and joint infections. 
Diagnostic and prognostic biomarkers have the potential to  
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8n 9 :); 

Frinary cross-linked H-
telopeptide of type 5 collagenI  

3onger average time from 
original operation in 

osteolysis group 8?.?yrs; 

vs. fiCed implants 
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reported 
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