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Neutrophils are active in total joint implant loosening 
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Background   Polymorphonuclear neutrophils (PMN) 
are the first cells to take part in the local foreign body 
reaction in aseptic loosening of endoprostheses. The aim 
of this study was to evaluate the systemic host reaction 
to total joint replacement by measuring the production 
of nitric oxide by neutrophils before and after total joint 
replacement.

Patients and method   Blood samples were collected 
from 33 patients (27 hips and 6 knees) before surgery, 
and 2 weeks, 2 months and 2.5–3 years after surgery. 
The levels of nitric oxide produced by PMN were 
measured by the method described by Markert et al. 
(1994). 

Results   Patients reporting pain in the region of the 
implant 3 years after surgery, and also patients with 
radiographic signs of loosening, had higher production 
of NO in the early period and 3 years after the implanta-
tion than those with good clinical results. 

Interpretation   We propose that elevated levels of 
nitric oxide production by PMNs may serve as a marker 
of total joint prosthesis loosening.



Research on periprosthetic osteolysis has focused 
mainly on the role of particles as the triggering 
factor and the role of macrophages and lym-
phocytes as the cells responsible for the chronic 
inflammation and formation of the pseudomem-
brane (Willert et al. 1990, Sabokbar et al. 1995, 
Savarino et al. 2002). Moreover, the mechanism 
of early osteolysis and loosening in the first years 
after implantation is not clear, and there have been 
few publications regarding the biological phenom-
ena occurring in the early period after implanta-

tion (Hukkanen et al. 1997). 
Polymorphonuclear neutrophils are known to 

form the first line of defense, by taking part in 
the nonspecific immunological response, both in 
septic and aseptic processes (Wierusz-Wysocka 
et al. 1981, Nordstrom et al. 1993, Gristina 1994). 
Activation of neutrophils is anticipated by a pre-
liminary phase, characterized by an increased 
number of membrane receptors and higher sus-
ceptibility to the influence of stimulating factors. 
Stimulated neutrophils produce higher amounts of 
toxic oxygen derivatives, e.g. hydrogen peroxide, 
superoxide anions, and finally nitric oxide, which 
also belong to the group of reactive oxygen species 
(Sibelius et al. 2002). 

We evaluated the production of nitric oxide by 
neutrophils, as an indicator of their activation in 
total joint replacement.

Patients and methods

We studied 33 patients with an average age of 
68 (59–79) years, who underwent primary total 
cemented joint replacement of 27 hips and 6 knees 
due to idiopathic OA. We implanted 15 Johnson 
& Johnson and 12 Sulzer Protema THRs and 6 
Zimmer TKRs. There were no postoperative com-
plications. In the first 2 weeks postoperatively, the 
patients were given 75 mg indomethacin a day in 
3 doses. Individuals with any symptoms of inflam-
matory process were excluded. The control group 
consisted of 14 healthy individuals aged 52–70 
years, without detectable pathological changes in 
the musculoskeletal system.
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Blood samples were obtained 1 or 2 days before 
surgery, and 2 weeks, 2 months and 2.5–3 yr after 
surgery. Neutrophils isolated from the peripheral 
blood were analyzed in vitro for the production 
of nitric oxide using the method of Markert et al. 
(1994). Tests were performed in resting condition 
and after stimulation. Additionally, PMN periph-
eral blood count was assessed.

The reaction of NO with oxygen in the aque-
ous solution leads to the formation of nitrite 
which is detectable by the Griess reagent. PMN 
were suspended in modified Hankʼs solution 
(MSH) supplemented with Ca2+ and Mg2+ at 2 
× 107 cells/mL. 5 × 106 neutrophils in suspen-
sion was incubated in a final volume of 1 mL 
in polypropylene tubes at 37°C for 60 min. 
Various stimuli such as hydroxylamine (HA, 
5 mmol/L), phorbol myristate acetate (PMA, 
0.3 µg/mL) were added to the cell suspensions. 
After incubation, the cells were centrifuged at 
1200 g for 10 min and the supernatant was col-
lected and mixed 1:1 with Griess reagent (1 part 
of 0.1% naphthylenediamine dihydrochloride in 
distilled H20 plus 1 part 1% sulfanilamine in 5% 
concentrated H3PO4, the two parts being mixed 
together within 2 h. After 10 min of incubation, 
absorbance was measured at 550 nm. Stable 
nitric oxide end-product (NOx) production was 
compared with a standard curve generated with 
known amounts of NaNO2. Results are expressed 
as nmol NOx/5 × 106 PMN/h.

At the last examination, patients were separated 
into two groups, those reporting pain and those 
without pain. Additionally, a radiographic exami-
nation was performed using the criteria of loosen-
ing presented by Harris, with the modification of 
Bannister (1993).

Statistics

As the data were not normally distributed, we used 
the nonparametric Mann-Whitney U rank test and 
Wilcoxon matched pairs test were used for statis-
tical analysis. A p-value < 0.05 was considered 
statistically significant. 

Results

2.5–3 years after THR or TKR, 8 of the 33 patients 
examined reported pain of the operated joint on 
weight bearing, and in some cases even at rest. The 
character and intensity of the pain ranged from 
mild, appearing only after walking a long distance, 
to strong, which disrupted everyday activities. 

In 5 of the 8 patients reporting pain, radiographic 
signs of loosening were discovered. From samples 
obtained at the revision surgery, the aseptic char-
acter of the loosening was proven. Preoperative 
ESR and CRP tests, and also histological and 
bacteriological analysis methods of periprosthetic 
samples, excluded the possibility of infection in 
the patients. In the other 3 patients reporting pain, 

Table 1. The mean (SD) production of nitric oxide (nmol/5x106/60 min) by neutrophils 
without stimulation in blood samples of patients before and after the implantation 

    Before  2 weeks after 2 months after 3 years after
    implantation implantation implantation implantation

Reporting pain 0.94   (0.97) 0.53   (0.68) 1.88   (2.65) 0.38   (0.18)
Without pain 0.85   (0.72) 0.61   (0.32) 1.84   (3.07) 0.16   (0.25)

Table 2. The mean (SD) production of nitric oxide (nmol/5x106/60 min) by stimu-
lated neutrophils in blood samples of patients before and after the implantation 

    Before  2 weeks after 2 months after 3 years after
    implantation implantation implantation implantation

Reporting pain 3.53   (2.79) 4.54   (5.15) 24.4   (16.4) 9.47   (3.15)
Without pain 5.31   (5.03) 6.44   (11.4) 6.45   (5.74) 5.30   (3.92)
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we found no radiographic signs of loosening. In 
the 25 patients without pain, no signs of loosen-
ing were found on radiographs. The PMN count in 
the peripheral blood of all patients did not change 
significantly during the 2 weeks after surgery, nor 
after 2 months. No differences were found between 
the group without pain and the group with pain.

The mean production of nitric oxide by neutro-
phils without extrinsic stimulation in the control 
group was measured to be 0.57 (SD 0.54) nmol/5 
× 106/h. These values were higher before surgery 
in patients reporting pain and those without pain. 
The production of nitric oxide without stimulation 
decreased slightly in the 2 weeks after surgery, 
but the difference was not statistically significant. 
After 2 months, the production of nitric oxide by 
neutrophils increased in all patients examined, but 
the difference was not statistically significant. 3 
years after implantation of the endoprosthesis, 
in the group of patients without pain, we noticed 
a decrease in the production of nitric oxide (p = 
0.02). These values were lower than the values 
before surgery (p = 0.04), and also lower than 
normal values (p = 0.02). The production of nitric 
oxide without stimulation in a group of patients 
reporting pain in the operated joint showed similar 
characteristics. The decrease in nitric oxide pro-
duction in this group three years after the surgery 
was statistically significant (p = 0.03).

In the control group, the mean level of produc-
tion of nitric oxide by stimulated neutrophils was 

2.72 (SD 1.73) nmol/5 × 106/h. In the individuals 
without pain, the values before surgery were simi-
lar to the ones observed in the control group (p = 
0.2). Throughout the follow-up period, the values 
varied nonsignificantly. In patients reporting pain 
in the operated joint, the level of production of 
nitric oxide by stimulated PNM increased signifi-
cantly 2 months after surgery. These values were 
significantly higher than the ones observed in the 
control group (p = 0.004), and in the group without 
pain (p = 0.01). In the group reporting pain 3 years 
after total joint replacement, the level of produc-
tion of nitric oxide by stimulated neutrophils was 
low, but it was still higher than the level observed 
in the control group (p < 0.001), or in the group 
without pain at the same time after the surgery (p = 
0.02).

Discussion

Inflammatory mediators, which have the ability to 
modulate bone turnover, may play an important 
role in the pathogenesis of aseptic loosening of 
totally replaced joints (Sabokbar et al. 1995, Good-
man 1996, Stea et al. 2000, Banit et al. 2002).

The proinflammatory cytokines such as inter-
leukin-1 (IL-1), interleukin-6 (IL-6), interleu-
kin-8 (IL-8), tumor necrosis factor-α (TNF-α), 
prostaglandins, PGE2, and proteolytic enzymes, 
metalloproteinases and elastase, play an important 
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Figure 2. The production of nitric oxide by stimulated 
neutrophils in blood samples of patients before and after 
implantation.

Figure 1. The production of nitric oxide by neutrophils 
without stimulation in blood samples of patients before and 
after implantation.
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role in developing the aseptic inflammatory pro-
cess. Elevated concentrations of these mediators 
have been found both in the tissues surrounding 
the implant and in the joint fluid (Goodman et al. 
1989, 1992, Takagi et al. 1994, 1998). Increased 
levels of these particular inflammatory mediators 
were also found in patients with aseptic loosening 
of the endoprosthesis (Granchi et al. 1998). Since 
macrophages are the predominant cells in samples 
of periprosthetic tissues, they have been suggested 
to play a significant role in the process of loosen-
ing (Ishiguro et al. 1997, Granchi et al. 2000). 
Papatheofanis and Barmada (1991) and Goodman 
et al. (1998) have suggested that neutrophils are the 
cells that participate in the inflammatory reaction 
following total joint replacement. Neutrophils are 
the first cells involved in both septic and aseptic 
inflammatory processes. Although they are a very 
minor component of synovial-like membranes, 
the presence of PMN in such membranes and at 
the bone-cement interface suggests that the role 
of neutrophils might not only involve the initial 
phagocytic response to implanted material. Since 
PMN elaborate a wide variety of chemotactic 
agents and other mediators of inflammatory reac-
tion, they may play a critical role in the chronic 
maintenance of an acute inflammatory reaction to 
PMMA wear debris. 

The presence of neutrophils may result in a 
chronic reactivation of other phagocytic cells and 
in the persistent release of inflammatory media-
tors, thereby creating a local cellular environment 
of cyclical acute inflammatory events.

We evaluated the role of neutrophils in loosen-
ing of endoprostheses, because we thought that 
the priming of these cells may be a result of the 
increased phagocytosis of bone cement particles. 
The level of production of nitric oxide by neu-
trophils was used as a marker of their activation. 
Under physiological conditions, NO is produced 
by the endothelial cells, and exhibits vasodilata-
tory, anticoagulatory, antiadhesive and antipro-
liferative properties (Borgquist et al. 2002). The 
presence of inflammatory mediators in the circu-
lating blood induces increased production of NO 
by cells other than endothelial cells. In particular, 
neutrophils may be the source of the induced form 
of NO. This activity may be harmful to the walls of 
blood vessels. 

The activation of polymorphonuclear neutro-
phils and endothelium causes increased production 
of NO and cytotoxic reactive oxygen species (O2-, 
H2O2, O1). Under these conditions, the superoxide 
anion reacts with NO and forms peroxynitrite 
(OONO-), a highly reactive molecule which dam-
ages the endothelium (Hukkanen et al. 1997, Stea 
et al. 1999). The result is the initiation of a local 
inflammatory reaction in the wall of the blood 
vessel. The particular features of nitric oxide allow 
us to consider it as a marker of oxidative stress. 

The results of monitoring the PMN count in 
peripheral blood suggest that implantation of the 
endoprosthesis did not induce a strongly expressed 
inflammatory reaction. In addition, the levels of 
production of nitric oxide without stimulation also 
confirmed our observation. However, the increase 
in production of NO by stimulated neutrophils 
in some patients may indirectly indicate their 
priming. Under such conditions, neutrophils are 
capable of responding immediately to additional 
stimulation and are thus able to initiate a chronic 
inflammatory reaction.

It has been suggested that neutrophils are primed 
by the proinflammatory mediators (IL-6, IL-1, 
IL-8, and TNF-α) (Haynes et al. 1998). They may 
enter the circulating blood from the periprosthetic 
region. This phenomenon may also result from 
the activation of neutrophils by the components 
of complement. The factors initiating the alterna-
tive pathway of complement activation may be the 
particles released from the endoprosthesis or bone 
cement.

In our study, patients who reported pain 3 years 
after the implantation still had an increased level 
of production of NO by stimulated neutrophils 3 
years after the implantation. This indicates that 
the presence of chronic activation of neutrophils 
could be responsible for the development of the 
chronic inflammatory process. Elevated levels of 
nitric oxide production by neutrophils could thus 
serve as an early marker of total joint prosthesis 
loosening. 

Part of the preliminary results has been published previ-
ously: Malgorzata Wierusz-Kozlowska, Waldemar Wozniak, 
Jacek Markuszewski, Adam Szczepanik, Elzbieta Okon, 
Henryk Wysocki. “Granulocyty obojetnochlonne i produk-
cja wolnych rodników tlenowych po endoprotezoplastyce” 
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[Polymorphonuclear leucocytes and the production of reac-
tive oxygen species after total hip and knee replacement]. 
Chirurgia Narzadów Ruchu i Ortopedia Polska 2002; 67 
(1): 11-18. 
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