
intervention. We would advocate the use of routine crystal 
microscopy in the diagnostic process of all suspected peri-prosthetic 
infections. A high degree of caution should be taken however in view 
of the possibility of concomitant prosthetic crystal arthropathy and 
septic arthritis.

© 2015 The Authors. Published by ACT Publishing Group Ltd.
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INTRODUCTION
Crystal arthropathies encompass a range of disorders characterized 
by the abnormal deposition of mineral content within joints leading to 
an inflammatory response. The two most common crystals deposited 
include monosodium urate (MSU) and calcium pyrophosphate 
dihydrate (CPPD) representing gout and pseudogout respectively[1].
    The rising incidence and prevalence of gout over the last decade 
has continued to strain healthcare systems, with a recent review 
reporting an incidence of 1.77 per 1000 person years in the UK[2]. 
Cases of pseudogout are seen less commonly with an incidence of 
1.30 per 1000 persons[3]. Acute crystal arthropathies in the native 
joint can mimic septic arthritis in their pattern of presentation. In 
both conditions patients are often reported to present with localized 
symptoms of knee pain, reduced range of motion, swelling and 
erythema as well as systemic symptoms of general malaise and 
fevers[4,5]. Investigative protocols in the acute setting differ broadly 
but largely incorporate, routine laboratory blood analysis, plain 
radiography, and joint fluid examination[3]. Diagnosis is primarily 
dependent on the observation of negatively or positively birefringent 
crystals on microscopy for a diagnosis gout and pseudogout 
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ABSTRACT
INTRODUCTION: Crystal arthropathy is a well-established 
differential diagnosis in suspected native joint septic arthritis however 
it is often overlooked in the setting of a prosthetic joint.
OBJECTIVES: In the current review we evaluate all of the available 
literature on the subject of crystal arthropathy in the setting of 
prosthetic knees, in order to determine the patterns of presentation, 
diagnostic protocols and management of such cases.
FEATURES OF REVIEW: A total of 30 individual reported 
cases of peri-prosthetic crystal arthropathy affecting the knee 
joint, were identified for inclusion. Of these, 17 cases reported a 
confirmed diagnosis of gout, with 13 concluding a diagnosis of 
pseudogout. Inflammatory and infectious markers were usually 
raised or borderline high across both groups of patients, with the 
following combined mean values; ESR: 65.5mm, CRP: 95.6ml/
L and Wcc: 10.8*10(9)/L for gout and pseudogout respectively. 
There were 4 cases (13.3%) of concomitant infection and crystal 
arthropathy. Management varied widely across cases, with gout 
patients commonly undergoing invasive surgical washout (59%), and 
pseudogout cases largely managed conservatively (71%).
CONCLUSIONS: Correctly diagnosing crystal arthropathy in 
a prosthetic joint can result in the avoidance of invasive surgical 
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respectively. Differentiation of crystal arthropathy from septic 
arthritis is the primary aim of the diagnostic workup process. Cases 
of simultaneous crystal arthropathy and septic arthritis can also occur 
however, further complicating the clinical evaluation[6]. 
    The growing trend in arthroplasty surgery rates both in the UK 
and globally will likely lead to an increase in presentations of 
periprosthetic arthropathy[7,8]. Since 2003, the UK national joint 
registry has recorded data on 676,082 knee replacements[9]. Infection 
was reported to be the third most common indication for revision 
surgery across all fixation types, with an overall incidence of 1.06 per 
1,000 person years. 
    Established deep Infection of the prosthetic knee remains a 
difficult complication to treat, posing a significant dilemma to the 
treating surgeon whilst causing considerable disability to the patient. 
Major invasive surgical intervention is usually required in the 
management of such cases. A two-stage revision process, signified 
by removal of the infected prosthesis, implantation of an antibiotic 
impregnated cement spacer, followed by a delayed re-implantation 
of prosthesis procedure, was widely the accepted management gold-
standard[10]. The success of single stage revision surgery for the 
infected hip prosthesis, has led to a recent re-emergence of studies 
demonstrating similar successful outcomes with one-stage procedures 
for perisprosthetic knee infections[11]. 
    Early recognition of peri-prosthetic infection is paramount to 
minimizing patient morbidity, and hence a high index of suspicion is 
usually exercised when dealing with possible cases. The diagnostic 
process however is not always clear-cut. In the acute setting it largely 
resembles that for the native joint. The results from the diagnostic 
tests available are not always conclusive for confirming peri-
prosthetic infection. It is as this stage when alternative diagnoses 
should be actively pursued in order to ensure rare pathology is 
not overlooked and invasive procedures are avoided for presumed 
infection. 
    The aim of the current review is to evaluate all of the available 
literature on the subject of crystal arthropathy in the setting of 
a prosthetic knee joint, in order to determine the patterns of 
presentation, diagnosis and management of such cases. 

MATERIALS
Search Strategy 
An electronic search of the PubMed, EMBASE, Ovid, CINAHL 
and Cochrane databases was conducted using the terms: “gout”, 
“pseudogout”, “chondrocalcinosis”, “crystal arthopathy”, “total 
knee replacement”, “knee arthroplasty” and “TKR”. Titles and 
abstracts were screened to determine their eligibility for inclusion 
into the current review by two independent reviewers. Inclusion 
into the review was open to all literature discussing the occurrence 
of crystal arthropathy in the setting of knee arthroplasty. Studies 
discussing crystal arthropathy in prosthetic joints other than the knee 
were excluded. Reference lists were further scrutinized to identify 
additional relevant literature. Articles were limited to those published 
in the English language with no date restrictions applied. Full texts 
were obtained for all articles meeting our initial broad inclusion 
criteria.
    Information was evaluated from the literature according to three 
main domains. The first domain related to details on presenting 
symptomatology and signs on clinical examination. The second area 
pertained to diagnostics and broadly focused on radiological findings, 
laboratory blood analysis and joint fluid analysis. The last area of 
interest was based around management and considered both medical 
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and surgical pathways. 

Information extraction from the literature was conducted by two 
assessors, with a third assessor available for discussion around any 
discrepancies. All data was recorded using Microsoft Excel 2010. 
The unpaired students T-test was used to analyse all parametric data 
variables. 

RESULTS
Our search strategy returned a total of 89 articles. Of these articles 
there were no systematic reviews, met-analyses or cohort studies 
available on the current topic. A selection of 23 articles were deemed 
relevant for the purpose of the current review as they related to the 
topic of crystal arthropathy affecting prosthetic knee joints. This 
selection comprised of individual case studies as well as several case 
series see tables 1 & 2. From these articles, a total of 30 independent 
cases of reported peri-prosthetic crystal arthropathy affecting the 
knee joint were extracted from the evaluated literature across a period 
from Jan 1994 to Feb 2014. A total of 17 of these cases reported a 
confirmed diagnosis of gout, with the remaining 13 concluding a 
diagnosis of pseudogout. The average age of patients diagnosed with 
gout was 66.6 years (std dev: 13.1, range: 39-88 years) in comparison 
to 72.1 years (std dev: 11.2, range 52-90 years) for the pseudogout 
group. A known history of gout was documented in 9 of the 17 
reported cases, with none of the pseudogout patients’ known to have 
previously suffered with the condition. 
    The majority of the reports for the gout cohort of cases originated 
from the USA (65%, n=11), with the UK and New Zealand the next 
significant contributors of cases, see figure 1. In contrast to this 46% 
of cases with a diagnosis of peri-prosthetic pseudogout originated 
from Japan with the USA the second largest contributor of cases.

Presenting features and Clinical Examination
Across all of the case reports included in this review, patients 
uniformly presented with a painful and swollen prosthetic knee 
joint. Bilateral prosthetic knee involvement was noted in four cases 
diagnosed with gout (24%) and three diagnosed with pseudogout 
(23%). The majority of the cases reviewed had presented on the 
background of a primary total knee replacement, however 24% of the 
overall gout cases were following revision arthroplasty surgery and 
23% of the pseudogout presentations were on the background of a 
unicompartmental knee replacement, see figure 2. The time interval 
between presentation and the original arthroplasty procedure varied 
significantly between those diagnosed with gout and pseudogout, 
averaging 6.8 months and 2.5 months respectively. Similarly the 
duration of symptoms during the presenting encounter also differed, 
lasting on average 7.5 days in the gout series of patients (range: 1-28 
days) compared to just 3.8 days for the pseudogout cohort (range: 
1-28 days). 
    Features of night sweats and rigors during the bouts described were 
noted in 35% and 31% of cases in those with gout and pseudogout 
respectively. Body temperature was another commonly reported 
feature with the mean temperature on admission recorded at 38.2℃ 
(range: 37.3℃-39.9℃) in the gout series and 38.1℃ (range: 37.5℃-
38.8℃) in those cases of pseudogout. All of the authors across the 
literature were reported to have elicited a clinical effusion during 
their examinations. Joint movements were universally restricted on 
admission across the studies reviewed, and this was more pronounced 
amongst pseudogout patients with a mean reported range of motion 
of 57°, see table 3. 
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Table 1 Publications Describing Confirmed Monosodium Urate Peri-Prosthetic Crystal Arthropathy of the Knee.
Year
1994
1999
2001
2006
2007
2008
2008
2009
2010
2010
2010
2011
2014

Author [Reference]
S C Williamson et al[12]

P Blyth & V S Pai[13]

M J Archibeck et al[14]

G Roberts[15]

L Crawford et al[16]

J C Rompen et al[17]

J W Salin et al[18]

J S Berger et al[19]

S K Fokter et al[20]

M T Freehill et al[21]

A Zadaka et al[22]

S Soloway[23]

M Buck & M Delaney[24]

Journal
Journal of Bone & Joint Surgery am
Journal of Arthroplasty
Clinical orthopaedics and related research
British Medical Journal
J Orth Surg
Nederlands tijdschrift voor geneeskunde 
Am J Orth
PM&R
Wiener klinische Wochenschrift 
Journal of Arthroplasty
Journal of knee surgery
Journal of clinical rheumatology
Orthopaedic Nursing

Country
USA
New Zealand
USA
UK
UK
Netherlands
USA
USA
Slovenia
USA
USA
USA
USA

Article Type
Single Case
Case Series (2)
Case Series (2)
Single Case
Single Case
Single Case
Case Series (2)
Single Case
Single Case
Single Case
Case Series (2)
Single Case
Single Case

Table 2 Publications Describing Confirmed Calcium Pyrophosphate Peri-Prosthetic Crystal Arthropathy of the Knee.
Year
2002
2005
2007
2007
2012
2012
2012
2012
2013
2013

Author [Reference]
H Kobayashi et al[25]

G Holt et al[26]

C Hirose & R Wright[27]

P Sonsale et al[28]

J L Carter et al[29]

T Hunte et al[30]

K Koyama et al[31]

G Levi et al[32]

K Harato& H Yoshida[33]

A Swayamprakasam et al[34]

Journal
Arch Orthop Trauma Surg
British Medical Journal
The Journal of Arthroplasty
The Journal of Arthroplasty
JBJS Case Connect
Journal of Clinical Rheumatology
JBJS Case Connect
orthop Clin N Am
The Journal of Arthroplasty
British Journal Of Hospital Medicine

Country
Japan
UK
USA
UK
USA
USA
Japan
USA
Japan
UK

Article Type
Case Series (3)
Single Case
Single Case
Single Case
Single Case
Single Case
Case Series (2)
Single Case
Single Case
Single Case

Figure 1 Cases by country of origin.

Figure 2 Background arthroplasty procedure.

Table 3 Summary of descriptive findings.

Time since Surgery, months
Duration of symptoms, days
Temperature, ℃(*)
Movement Range, ° (*)
Time to Discharge, days (*)

Number 
reported
16
13
7 (6)
6 (5)
8 (6)

Mean

82.13
7.5
38.2 (38.2)
62.5 (70)
22.2 (7.6)

Std Dev

68.27
9.23
0.83 (0.90)
23.82 (16.96)
30.29 (5.50)

Range

0.107 to 240
1 to 28
37.3 to 39.9
25-90
1.5-90

Number 
reported
13
8
6
7
9

Mean

30.48
3.75
38.1
57.14
9.1

Std Dev

42.52
4.68
0.42
39.35
6.82

Range

0.25 to 120
1 to 15
37.5 to 38.8
15-110
3-23

P-value

0.0249
0.2971
 0.736
0.7772
0.2254

95% CI

7.022 to 96.277
-3.61 to 11.18
-0.703 to 0.964
-35.31 to 46.02
-8.967 to 35.120

Gout Pseudogout

Diagnostics
Plain radiography was performed and the results described in 21 
of the 30 cases reviewed. We assessed for radiographic features 
of infection and prosthetic malposition using combinations of 
reports as well as actual radiographic images when available. The 
majority of radiographs (81%) were reported as normal with only 
one case reporting features of loosening and three of intra-articular 
calcification, see figure 3.
    All authors from the literature we reviewed described performing 
a compliment of laboratory tests during the investigative process of 
their patients. There were significant variations in the combinations 
of tests utilised, however these largely comprised of using routine full 
blood count testing, along with inflammatory marker determination 
in the form of ESR or C-reactive protein, and serum uric acid levels. 
The mean white cell count was borderline elevated for cases in the 
gout cohort, at 12.32×109/L, and normal in those with psuedogout, 
see table 4. However the range of values varied considerably in 
both cohorts reaching as high as 17.3×109/L and 18×109/L across 
the gout and pseudogout cases respectively. The use of ESR was 
more common than C-reactive protein as an inflammatory marker 
across the cases we reviewed. Inflammatory markers were globally 
raised in both cohorts, however this response was most notable in 
the gout series with the mean C-reactive protein and ESR responses 
showing 13-fold and 3-fold rises respectively on the upper borders 
of the normal limits. Overall serum uric acid levels were frequently 
measured in the gout series however our results demonstrated only a 
minor rise in the mean levels. 

* Figures following exclusion of cases with later confirmed concomitant infection.
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    All patients across the literature underwent joint fluid aspiration 
during their investigative process. The gross appearance of the 
aspirate was most often described as “cloudy/turbid” in both gout and 
pseudogout cases, with “purulent” aspirate the second commonest 
appearance description across all patients, see figure 4. Joint fluid 
microscopy was positive in all but one case of those with prosthetic 
gouty arthropathy and in all cases for pseudogout. In the one negative 
case, negatively birefringent crystals were later confirmed following 
histological examination of samples taken from an open washout 
procedure. 
    Gram stain and culture analysis identified four cases of 
concomitant bacterial infection. All of these cases were associated 
with an end definitive diagnosis of gouty arthropathy. 

Management
There were large variations in the management protocols instituted 
between cases. In those eventually diagnosed with gout, 59% 
underwent surgical intervention. Of those treated surgically, the 
majority (92%) underwent an open washout procedure, with only one 
case of arthroscopic washout described, see figure 5.
    In contrast to this, only 23% of patients from the pseudogout series 
underwent surgical intervention, with the vast majority managed 
conservatively using either non-steroidal anti-inflammatory drugs or 
colchicine, see figure 6. 
    Management also varied amongst the four patients found to have 
simultaneous infection and gouty arthropathy, with one undergoing 
an open washout procedure only, two requiring open washout 
procedures and change of the polyethylene insert and the last patient 
undergoing the first of a two-stage revision procedure. 
    Authors infrequently described the time interval from admission 
until discharge, see table 3. The mean time to discharge for those 
with gout was 22.2 days (Range: 1.5-90 days, Std Dev: 30.29). After 
exclusion of patients in the gout series with concomitant infection, 
the mean time to discharge fell considerably to 7.6 days (Range: 1.5-14 
days, Std Dev: 5.50). The mean time to discharge for the pseudogout 
cohort of patients was insignificantly higher at 9.1 days (p- value: 
0.6555, 95% CI: -8.757 -5.702). 

DISCUSSION 
The rising incidence of crystal arthropathy and knee arthroplasty 
rates in the UK is likely to see an increase in the diagnoses of 
peri-prosthetic crystal arthropathy. The exact incidence of crystal 
arthropathy following total knee replacement is not known. To our 
knowledge this is the first study to formally review all of the current 
available literature pertaining to crystal arthropathy following knee 
arthroplasty surgery. 
    Our review highlights several significant practical points 
concerning patients with peri-prosthetic crystal arthopathy. Generic 
features of joint swelling, localised warmth, pyrexia and painful 
reduced range of movement were evident in the presentation 

Table 4 Summary of biochemical results.

Erythrocyte Sedimentation rate, mm (*)
C-Reactive Protein, mg/l (*)
White Cell Count, cells×109/L (*)
Serum Uric Acid, mmol/L (*)
Synovial fluid wcc, cells*106/L (*)
Synovial fluid Neutrophil % (*)

Number 
reported
13 (10)
6 (6)
13  (10)
12 (10)
7  (7)
5 (5)

Mean

76.0 (78.3)
107.2
12.32 (11.7)
0.58 (0.57)
12,906.5 
91.4

Std Dev

32.29
(36.04)
123.35
4.14 (4.43)
0.18 (0.15)
7603.42.19

Range

27 to 120
10.3 to 320
8.2 to 17.3
0.33 to 0.91
1000 to 22000
81 to 97

Number 
reported
6
8
8
N/A
5
4

Mean

55.0
84.0
9.28
N/A
45,063.4 
89.6%

Std Dev

35.70
111.10
5.27
N/A
23809.17
9.75

Rang

25 to 120
5.4 to 333
1.3 to 18
N/A
4917 to 64200
76 to 99

P-value

0.2189
0.7183
0.1568
N/A
0.0068 
7309

95% CI

-13.71 to 55.71
-113.70 to 160.13
-1.276 to 7.357
N/A
-53252.01 to 11061.65
-10.65 to 14.45

Gout Pseudogout

* Figures following exclusion of cases with later confirmed concomitant infection.

Figure 3 Radiographic findings.

Figure 4 Joint aspirate appearance. 

Figure 5 Management protocols instituted in gout cases.

Figure 6 Management protocols instituted in pseudogout patients.



descriptions of all of the cases we reviewed emphasizing the close 
resemblance of peri-prosthetic arthropathy with infection. A high 
index of suspicion for crystal arthropathy was clearly evident 
amongst authors across the literature we reviewed. 
   Although just over half of patients diagnosed with peri-prosthetic 
gouty arthropathy in this review were known to suffer from gout 
previously, none of those diagnosed with pseudogout were known to 
suffer from any type of crystal arthropathy, further highlighting the 
need for a high index of suspicion when met with cases of this nature. 
This raises the question of whether routine evaluation for crystal 
arthropathy prior to knee arthroplasty is warranted.
    Full blood counts and inflammatory markers have traditionally 
played a vital role when aiming to distinguish between infection 
and alternative causes of a painful, swollen prosthetic joint. Our 
review demonstrates a pattern of mild elevation in the mean white 
cell counts and a marked rise in inflammatory markers amongst 
patients with gouty arthropathy despite the exclusion of cases with 
concomitant infection. The picture was slightly different amongst 
pseudogout peri-prosthetic arthropathy, with a normal mean white 
cell count evident amongst cases and only a moderate elevation in 
the inflammatory markers reported. In both groups of patients the 
rise in inflammatory markers, made them less useful in excluding 
infection. This finding is in keeping with previous literature relating 
to native joints, which has established poor discriminatory ability 
of serum inflammatory markers between patients with infection and 
crystal arthropathy[35].
    Cell count and differential of aspirated fluid have previously been 
reported to have higher sensitivity and specificity for diagnosing 
infection in the setting of a prosthetic joint than other conventional 
investigations[36]. Optimal cut-off values have been investigated and a 
synovial white cell count of 1,590 cells/μl with a neutrophilia of 65% 
or more has been suggested for use in diagnosing infection with total 
hip and knee arthroplasty[37]. According to our review six of the seven 
cases reporting aspirated fluid cell counts with gout would have 
exceeded the cut-off levels suggested for infection. Furthermore in 
the pseudogout series, all reported cell counts and differentials were 
above the suggested threshold for infection, rendering such testing 
alone as inadequate for excluding infection in the setting of peri-
prosthetic crystal arthropathy. 
    Radiographic features of crystal arthropathy in the native joint 
play an important role in diagnosing such pathology and help in 
monitoring its progress[38]. Up to 45% of patients with gout, manifest 
radiological features supporting its diagnosis[39]. In our review over 
80% of radiographs revealed no features of pathology, demonstrating 
once again the poor discriminatory capabilities of non-invasive 
diagnostic adjuncts in the setting of a prosthetic joint. Computerized 
tomography and magnetic resonance imaging have both demonstrated 
promising diagnostic capability in this setting. 
    Concomitant crystal arthropathy and septic arthritis in the native 
joint is well recognized[40]. Our review highlights that simultaneous 
infection and crystal arthropathy in the prosthetic joint is also possible 
with 4 of the 17 cases eventually diagnosed with gout demonstrating 
this diagnosis. Three of the four cases reported their respective 
full blood count and inflammatory marker results, and this did not 
significantly differ from the average of those cases without proven 
infection, further highlighting the difficulty in identifying infected 
cases for invasive treatment. Those with concomitant pathology did 
however have significantly longer inpatient stay averaging 9 weeks. 
    The use of antibiotics prior to the aspiration of joint fluid can 
account for negative gram-stain and culture growth results. A 
previous study revealed that up to half of all patients treated for septic 
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arthritis had received antibiotic treatment prior to synovial fluid 
aspiration[41]. The sensitivity of initial microscopy and later culture 
growth following aspiration of prosthetic knee joints have both 
been shown to drop significantly by 45% and 55% respectively[41]. 
Physicians are well aware of this phenomenon and although pre-
hospital based antibiotic administration was not well discussed across 
the case studies we reviewed, it is highly likely that this would have 
contributed to the large number of cases in our review undergoing 
invasive washout procedures despite negative results for infection. 

CONCLUSION
An awareness of the diagnosis of acute crystal arthropathy in the 
setting of a prosthetic joint is crucial to all orthopaedic specialists. 
Failure or delay of making this diagnosis can lead to invasive 
intervention causing significant morbidity and prolonged disability 
to patients. Although crystal arthropathies are well described in the 
chronic form, an acute attack in the setting of a prosthetic joint is a 
less well recognised complication. An acute attack can present with 
a warm, swollen and painful joint. Discerning between acute crystal 
arthropathy and infection is difficult on clinical grounds alone. 
    From this review however we would recommend a detailed 
history is essential, focusing on determining whether patients 
have previously suffered unknowingly from crystal arthropathy or 
whether risk factors for such pathology are present. Routine serum 
blood counts and inflammatory markers seem to exhibit a similar 
response pattern to that found in infection. We would however insist 
on routine blood testing including; full blood count, inflammatory 
markers (both ESR and CRP) with the addition of a serum urate 
level. These blood tests play a crucial role in stratifying the overall 
risk for periprosthetic infection. We would also recommend a low 
threshold for joint fluid aspiration in this setting. We feel the safest 
way to interpret joint fluid results from a prosthetic joint would 
be to utilise the American association of orthopaedic surgeons 
(AAOS) definition for periprosthetic infection[42]. In this definition, 
6 criterion are described including; raised serum inflammatory 
markers (either ESR or CRP), elevated synovial white cell count, 
elevated synovial neutrophil percentage, identification of purulence 
in the joint, isolation of a microorganism in one culture of joint fluid 
or tissue and raised neutrophils from histological tissue analysis. If 
four or more of these criterion are present or a pathogen is identified 
from cultures in 2 separate tissue/fluid samples, than a diagnosis of 
periprosthetic infection should be made. If microscopy is positive for 
crystal arthropathy indicating concomitant pathology then treatment 
for both should be instituted. In the event that the AAOS definition 
for infection is not met and there are positive microscopy results, 
we wound recommend initial conservative management for crystal 
arthropathy and observation of clinical and biochemical markers to 
ensure normalisation.
    A further consideration complicating the issue, are the effects 
of empirical antibiotic treatment prior to joint aspiration. 
Identification of organisms on gram staining and later growth on 
cultures is significantly compromised following systemic antibiotic 
administration. We therefore recommend that healthcare proffesionals 
in the primary care setting, should be educated on early referral to the 
othopaedic specialist in these scenarios, before attempting any form 
of treatment. In the event that empirical treatment has already been 
commenced, orthopaedic specialists should act with strict vigilance 
even when faced with negative gram stain and culture growth results, 
relying more upon clinical and biochemical trends discussed in this 
article. 
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