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EVALUATION OF SKIN TEMPERATURE, 
REACTIVE C PROTEIN, AND HEMOSEDIMENTATION 
SPEED VARIATION IN UNCOMPLICATED PRIMARY 

KNEE TOTAL ARTHROPLASTY

SUMMARY

Objective: To study the variation of skin temperature 
values (∆T) on operative site, of reactive C protein (RCP) 
and of hemosedimentation speed (HSS) in patients 
submitted to primary knee total arthroplasty (KTA), in an 
attempt to establish a correlation among its curves over 
time. Materials and Methods: This prospective clinical 
study evaluated 29 patients followed up during 12 weeks, 
with measurements of skin temperature in both knees and 
RCP and HSS serum dosages. Results:  After comparing 
the variables tested (∆T, RCP and HSS), no statistical 
correlation was observed for both the Pearson’s test (pa-

rametric test) and the Spearman’s test (non-parametric 
test) among variables. Skin temperature variation follows 
a different pattern from that observed both for RCP and 
for HSS, with no correlation among curves. A standard 
curve was established for the three variables, and a sta-
tistically significant reduction was seen in RCP and HSS 
values from pre- to post-operative period. Conclusion: 
No correlation was observed between skin temperature 
and HSS and RCP levels in patients submitted to uncom-
plicated primary KTA.
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INTRODUCTION

Knee total arthroplasty (KTA) is the definitive treatment to 
relieve pain caused by knee osteoarthrosis, restoring its 
alignment and function(1,2,3,4).
Infection after KTA is a serious complication putting the 
joint at risk and occasionally threatening patient’s life(3,4,5). 
The incidence of deep infection ranges from 1% to 5%(2,4). 
Superficial infection occurs in 10-20% of the cases(2,4). A 
higher rate is found in patients previously submitted to 
other surgeries, in rheumatoid arthritis carriers (particularly 
HIV-positive men) and in patients with skin ulcers(3,4).
Factors associated to infection are obesity, urinary tract 
infection, steroids use, kidney failure, diabetes mellitus, 
malnutrition and psoriasis(1,2,3,5). Anemia, hypovolemia, 
and tobacco abuse are factors predisposing superficial 
infection(2).
The reactive C protein (RCP) is synthesized by hepa-
tocytes, at acute inflammatory phase, as a response to 

infection. Its meaning in acute infection diagnosis and 
tissue destruction is well established(6-10). Its levels change 
according to the disease activity, increasing from 6 hours 
of infection on, and reaching peak levels two days after 
onset. It returns to normal levels within one week after an 
appropriate therapy is initiated(1,6-10). Modern, quantitative 
and fast methods are significantly increasing the potential 
of RCP serum levels use(1,6,7).
The hemosedimentation speed (HSS) is an important 
laboratory test for diagnosing postoperative infections. Its 
values rise after 48 hours from the onset of an infectious 
picture, with peak rise between three and five days, retur-
ning to its normal value approximately three weeks after an 
appropriate treatment is initiated(1,5,6,7,10). Its value, similarly 
to RCP, is limited by the influence of other diseases or 
postoperative complications, being difficult to determine 
absolute limits to its adequate serum levels(5).
Skin temperature on surgical site is a non-specific sign in 
the evaluation of immediate postoperative infection, be-
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cause the very healing mechanism leads to an increased 
vascularization by local inflammatory response, rising the 
temperature(3).
The objective of this study is to study the variation of 
skin temperature at surgical site, RCP values and HSS in 
patients submitted to primary KTA in the absence of pre- 
or postoperative clinical complications, in an attempt to 
determine its normal standards and to check the existence 
of a potential correlation among them.   

MATERIALS AND METHODS

In a period comprehending July 2004 and May 2005, 
29 patients submitted to unilateral primary KTA carrying 
essential osteoarthrosis and exempted of any pre- or pos-
toperative complications were prospectively assessed.  
All patients were operated by two authors (LHCJ and 
MAPA) at HC, UFMG.
Three patients presenting superficial infection, one 
with deep venous thrombosis, and 
another with urinary tract infection, 
who did not come back regularly 
for evaluation visits were excluded 
from sample. The remaining 20 were 
followed up during 12 weeks from 
immediate postoperative period on. 
Thirteen patients were females and 
seven males, with ages ranging 
from 58 to 75 years old (average: 
65.85 years old).
Skin temperature for both knees 
was measured at immediate preo-
perative period, at 48 hours, and in 
one, two, four, eight and twelve we-
eks postoperatively using a contact 
thermometer   Digital Thermo® model, Alla France® brand, 
placed on anteromedial surface of knees for a three-minu-
te period. For analysis, differences in temperature between 
both sides (∆T) were recorded. In the same procedure, 
blood samples were collected to measure serum levels 
of RCP and HSS, all of them performed by the same 
laboratory. The method employed for RCP measurement 
was the Nefelometry, using a Beckman Array 360 System 
equipment, which reference value was standardized as 
less than eight milligrams/ liter for the result to be con-
sidered as negative. HSS was measured by a modified 
Westergreen methodology, with material from Seditainer® 
– Becton Dickinson®, which reference values are standar-
dized according to the table below (table 1):  

The study design was approved by the Committee on 
Ethics in Research of the institution. A written post-infor-
med consent term was signed by all participants.    
For the statistical analysis of data, the Pearson’s parame-
tric correlation coefficient (r) was employed.
Statistical correlation comparisons were tested pair by 
pair, for two of three variables in a given time interval (for 
example: comparison between ∆T and RCP on the first 
postoperative week).  
For all comparisons, the non-parametric analysis was used 
as well (Spearman’s correlation coefficient).  
 
RESULTS

The following results were achieved for Pearson’s para-
metric test (Table 2): 
After a comparison of variables tested (∆T, RCP and HSS), 
it was noticed, both for Pearson’s test and for Spearman’s 
test, that no statistical correlation existed (r close to zero), 

showing that skin temperature varia-
tion follows a different pattern from 
that seen both for RCP and HSS. 
Graphs 1, 2 and 3 show, respective-
ly, the individual curves for ∆T, RCP 
and HSS with time (90 days).  
In Graph 4, we made an overlap 
of  ∆T, RCP and HSS curves with 
follow up time (90 days) enabling 
results visualization of the results of 
the previously mentioned statistical 
tests.   
We can see that all variables tested 
show, at the first measurement in-
terval (preoperative – 48 hours), an 
increase of values in the order of 

3.7 to 4.2 times. RCP and HSS curves begin to drop after 
the first 48 hours postoperatively. RCP decreases faster, 
reaching levels below those of the preoperative period 
in approximately 28 days after surgery (4 weeks). HSS 
levels, in turn, only return to values below those of the 
preoperative period after 56 days (8 weeks).     
∆T presents a rise peak at the first measurement interval 
(preoperative – 48 hours), but keeps rising until the first 
14 days postoperatively (2nd week), and only after that 
period it begins to decrease in a slower speed than other 
variables’ reduction. Even after the evaluation period es-
tablished in this study (12 weeks), ∆T was still decreasing, 
yet above values measured at preoperative time.  
With the objective of evaluating the statistical correlation 

Male Female
up to 60 years old 12mm 19mm
61 - 70 years old 14mm 20mm
above 71 years old 30mm 35mm

Source: Clinical Analysis Laboratory of HC/UFMG.

Table 1 – Reference values for HSS.

Time r for ∆T / ∆RCP r for ∆T / ∆HSS
Preoperatively 0.984 0.950
48 hours 0.067 -0.114
1 week 0.101 -0.311
2 weeks 0.244 0.067
4 weeks 0.123 0.393
8 weeks -0.273 -0.128
12 weeks -0.073 0.387

Source: HC/UFMG.

Table 2 – Results of the Pearson’s parametric test.
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among preoperative values 
at 90 days for each indivi-
dual variable, the following 
results were achieved for 
Pearson’s parametric test 
(Table 3):  
With those results, we see 
that both for RCP and for 
HSS, there is a statistically 
significant difference betwe-
en pre- and postoperative 
values. Such fact could 
not be seen for ∆T, indeed 
presenting a negative cor-
relation.

DISCUSSION

A postoperative clinical 
evaluation can provide an 
early diagnosis of a po-
tential infection at surgical 
site. RCP and HSS are 
tests widely employed for 
that end, but they have the 
disadvantage of being non-
specific (5-10), and may be 
changed in many diseases 
presenting inflammatory 
responses (1). Other factors 
may also change HSS and 
RCP values, such as obe-
sity(11), tobacco abuse(12), 
degenerative osteoarthro-
sis(13), changed acute phase 
response in elderly patients 
(14,15), burns(16), post-trauma 
stress(17), altitude(18), emo-
tional disorders(19,20), mens-
trual cycle(20). In this study, 
the variation patterns found 
on RCP and HSS curves 
are compatible with those 
reported by literature (1,2,6). 
RC curve showed peak at 
immediate postoperative 
period (first post-surgery 
examination) followed by a 
progressive reduction of va-
lues, showing normalization 

within 30 days at most, with 
values below those of the 
preoperative period within 
60 days.  
In what concerns HSS, lite-
rature is more controversial, 
tending to return to normal 
levels within 3 to 6 months 
(5,20), which may remain high 
during up to one year after 
surgery (6). In this study, a 
peak was noticed at the 
immediate postoperative 
period (first post-surgery 
examination), followed by a 
progressive decrease ten-
ding to normalize within at 
most 60 days, subtly faster 
as compared to literature 
(5,20), and values below tho-
se of the preoperative time 
within about 90 days.  
Skin temperature rise at 
surgical site is a clinical 
symptom usually seen after 
an uncomplicated KTA. Un-
til the present study, its nor-
mal variation curve had not 
been established in literatu-
re yet. In this evaluation, the 
∆T curve presented a peak 
at immediate postoperative 
measurement, remaining 
high in two subsequent me-
asurements, with decrease 
occurring from the 30th day 
on, and normalization was 
not observed until the 12th 
week, remaining above 
preoperative values during 
90 days.  
The possibility of correla-
ting the increase of RCP 
and HSS values to skin 
temperature  var ia t ion 
could establish a clinical 
standard, of simple appli-
cation and economically 
feasible for postoperative 
monitoring, working as 
an inflammatory response 

Graph 2 – RCP variation with time.

Graph 3 – HSS variation with time.

Graph 4 –∆T, RCP and HSS variation with time.

Graph 1 –∆T variation with time.

Axis X – time in days. Axis Y –∆T values.

Source: Orthopaedics Infirmary, HC/UFMG.

Axis X – time in days. Axis Y – RCP values.

Source: Clinical Analysis Laboratory, HC/UFMG.

Axis X – time in days. Axis Y – HSS values.

Source: Clinical Analysis Laboratory, HC/UFMG.

Axis X – time in days. Axis Y –∆T, RCP and HSS values.

Source: Clinical Analysis Laboratory and Orthopaedics Infirmary, HC/UFMG.



ACTA ORTOP BRAS 14(3) - 2006164

REFERENCES
1. 	 Crockarell JR, Guyton JL. Artroplasty of ankle and knee. In: Campbell`s Opera-

tive Orthopaedics. 10th ed. Philadelphia: Mosby; 2003. p. 243-314.
2. 	 Tsukayama DT, Gustilo R. Infected total knee artroplasty. In: Knee surgery. 2nd 

ed. Baltimore: Williams & Wilkins; 1994. p.1563-72.
3. 	 Nerlich ML, Tscherne H. Biologia das lesões dos tecidos moles. In: Trauma-

tismos do sistema musculoesquelético. 2a. ed.Tradução de Nelson Gomes de 
Oliveira.São Paulo. São Paulo: Manole; 2003; p.79-95.

4. 	 Kim S, Losina E, Solomon DH, Wright J, Katz JN. Effectiveness of clinical pa-
thways for total knee and total hip arthroplasty: literature review. J Arthroplasty. 
2003; 18:69-74.

5. 	 Forster IW, Crawfor R. Sedimentation rate in infected and uninfected total hip 
arthroplasty. Clin Orthop 1982; 168:48-52.

6. 	 Bilgen O, Atici T, Durak K, Karaeminogullari O, Bilgen MS. C-reactive protein 
values and erythrocyte sedimentation rates after total hip and total knee arthro-
plasty. J Int Med Res. 2001; 29:7-12.

7. 	 Rosas MH, Leclercq S, Pègoix M, Darlas Y, Aubriot JH, Rousselot P et al. Con-
tribuition of laboratory tests, scintigraphy, and histology to diagnosis of lower 
limb joint repleacement infection. Contribution of laboratory tests, scintigraphy, 
and histology to the diagnosis of lower limb joint replacement infection. Rev 
Rhum Engl . 1998; 65:477-82.

8. 	 Martin SD, Scott RD, Thornhill TS. Current concepts of total knee arthroplasty. 
J Orthop Sports Phys Ther. 1998; 28:252-61.

9. 	 Spector TD, Hart DJ, Nandra D,  Doyle DV, Mackillop N, Gallimore JR et al. 
Low-level increase in serum C-reative protein are present in early osteoar-
thritis of the knee and predict progressive disease. Arthritis Rheum. 1997; 
40:723-7.

10. 	White J, Kelly M, Dunsmuir R. C-reactive protein level after total hip and total 
knee replacement. J Bone Joint Surg Br.  1998; 80:909-11.

11. 	Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Elevated C-reactive 

protein levels in overweight and obese adults. JAMA. 1999; 282:2131-5.
12. 	Crook MA, Scott DA, Stapleton JA, Palmer RM, Wilson RF, Sutherland G. Cir-

culating concentrations of C-reactive protein and total sialic acid in tobacco 
smokers remain unchanged following one year of validated smoking cessation. 
Eur J Clin Invest. 2000; 30:861-5.

13. 	Krabbe KS, Bruunsgaard H, Hansen CM, Moller K, Fonsmark L, Qvist J et al. 
Ageing is associated with a prolonged fever response in human endotoxemia. 
Clin Diagn Lab Immunol. 2001; 8:333-8.

14. 	Bouguiguinat A, Ferard G, Jenny JY, Gaudias J. Incomplete absent acute phase 
response in some postoperative pacients. Clin Chim Acta. 1997; 264:27-35.

15. 	Mooser V, Berger MM, Tappy L, Cayeux C, Marcovina SM, Darioli R et al. Major 
reduction in plasma levels during sepsis and burns. Arterioscler Thromb Vasc 
Biol. 2000; 20:1137-42.

16. 	Muller RJ, Sutherland AG, Hutchisom  JD, Alexander DA. C-reactive protein 
and interleukin-6 receptor in post-tramatic stress disorder: a pilot study. Cytoki-
nes.   2001; 13:253-5.

17. 	Hartmann G, Tschop M, Fischer R, Bidlingmaier C, Riepl R, Tschop K, et al.  
.High altitude increases circulating interleukin-1, interleukin-6 receptor antago-
nist and C-reactive protein. Cytokines. 2000; 12:246-52.

18. 	Berk M, Wadee AA, Kuschke RH, O´Neill-Kerr A. Acute phaseproteins in major 
depression. J. Psychosom Res. 1997; 43:529-34.

19. 	Horing M, Goodman DB, Kamoun M, Amsterdan JD. Positive and negative acu-
te phase proteins in affective subtypes. J Affect Dis. 1998; 49:9-18.

20. 	Jilma B, Dirnberger E, Loscher I, Rumplmayr A, Hildebrandt J, Eichler HG et 
al.  Menstrual cycle associated changes in blood levels of interlrukin-6, and 
C-reactive protein. J Lab Clin Med. 130:69-75.

21. 	Lara CN, Guedes EC, Vassalo CC, Carvalho Jr. LH. Avaliação da velocidade 
de hemossedimentação e da proteína C-reativa em pacientes submetidos à 
artroplastia total do quadril. Rev Bras Ortop. 2005; 40:175-81.

parameter. Unfortunately, this 
was not possible, because of 
the absence of statistical corre-
lation, but here we determined 
the normal standard that can be 
used as a reference for cases 
in which postoperative infection 
is suspected, either superficial or deep. In agreement 
with the findings by Lara et al.(21) a significant reduction 
of preoperative RCP and HSS values against the values 
at 90 days was confirmed, highlighting the importance 
of arthroplasty in reducing inflammatory process (asso-
ciated to preoperative osteoarthrosis).   

CONCLUSION

At primary uncomplicated KTA 
postoperative period, no corre-
lation was found between HSS 
behavior, RCP, and the difference 
on skin temperature between 
both knees. RCP and HSS re-

turned to values below preoperative levels after 30 and 80 
days, respectively. Skin temperature had not decreased to 
previous levels even after 12 postoperative weeks.   
Those parameters’ rise should be regarded as normal 
after surgeries like the Knee Total Arthroplasty, even in the 
absence of complications.  

preop. ∆T preop. RCP preop. HSS
∆T 12 weeks -0.114
RCP 12 weeks 0.984
HSS 12 weeks 0.978

Source: HC/UFMG.

Table 3 – Results of Pearson’s parametric test.


