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Abstract
BACKGROUND
Among the various complications associated with total hip arthroplasty (THA) periprosthetic osteolysis and wear phenomena due to the release of metal particles, are two of the most common and have been reported to be correlated because of inflammatory responses directed towards released particles that generally activate macrophagic osteolytic effects. Therein, new masses known as pseudotumors can appear in soft tissues around a prosthetic implant. To date, there is paucity of reliable data from studies investigating for any association between the above mentioned adverse events.

AIM
To investigate for the existence of any association between serum and urine concentrations of metal-ions released in THA and periprosthetic osteolysis for modular neck and monolithic implants.

METHODS
Overall, 76 patients were divided into three groups according to the type of hip prosthesis implants: Monoblock, modular with metal head and modular with ceramic head. With an average f-up of 4 years, we conducted a radiological evaluation in order to detect any area of osteolysis around the prosthesis of both the femur and the acetabulum. Moreover, serum and urinary tests were performed to assess the values of Chromium and Cobalt released. Statistical analysis was performed to determine any association between the ion release and osteolysis.

RESULTS
For the 3 study groups, the monolithic, modular ceramic-headed and modular metal-headed implants had different incidences of osteolysis events, which were higher for the modular implants. Furthermore, the most serious of these (grade 3) were detected almost exclusively for the modular implants with metal heads. A mapping of the affected areas was performed revealing that the highest incidences of osteolysis were evidenced in the pertrochanteric region at the femur level, and in the supero-external region at the acetabular level. Regarding the evaluation of the release of metals-ions from wear processes, serum and urinary chromium and cobalt values were found to be higher in cases of modularity, and even more so for those with metal head. Statistical linear correlation test results suggested positive correlations between increasing metal concentrations and incidences areas of osteolysis. However, no cases of pseudo-tumor were detected.

CONCLUSION
Future studies are needed to identify risk factors that increase peri-prosthetic metal ion levels and whether these factors might be implicated in the triggering of local events, including osteolysis and aseptic loosening.
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Core Tip: In this study a rigorous and statistically proven correlation was made between the release of periprosthetic metal ions in hip arthroplasty and the phenomenon of osteolysis, for severity and localization. A novel aspect of this study was that these evaluations were classified according to the types of prostheses: Monolithic, modular with ceramic head and modular with metal head. This was done so to conduct a contextual comparison between them. In fact, the results appeared quite clear, although further randomized trials and studies of higher scientific evidence will be needed.

INTRODUCTION
The introduction of total hip arthroplasty (THA) was one of the most important achievements in medical landscape over the last century. It led to an improvement in the quality of life of patients by reducing pain and improving hip functionality. Additionally, surgeons and engineers sought to improve upon the surgical technique and the design of the prostheses, with the aim of reproducing the natural biomechanics of the hip, to improve functionality and longevity of the implant. Likewise, as the technology improved the lifespan of the implants, issues with debris from joint surfaces were encountered. 
The advent of modularity in THA brought to orthopedic surgery a great potential gain for restoring biomechanical parameters. In fact, the use of the modular neck prosthesis has the advantage of restoring the offset, the length of the limbs and the neck version, compared to a mono-block prosthesis[1]. The major disadvantages associated with the modular neck prothesis have been reported to be corrosion, adverse reactions of tissue spaces and increased blood metal ions release[1,2], often leading to mechanical failure of the implant and a possible systemic toxicity. In addition, these adverse events derive from the higher contact-surfaces of implants. In fact, a larger number of elements in a modular system correspond to a larger amount of stress-forces of the implant surfaces.
The active corrosion process of metallic surfaces and the particles released due to wear are a source of soluble metal ions[3] As stated above, orthopaedic implants generate ions and metal particles, most of them of Cobalt and Chrome (CoCr), predominantly of nanometric dimensions[4]. CoCr particles are generally smaller than 50 nm[5], while larger particles can be formed from the smaller size particles agglomeration[6]. Within periprosthetic tissues, particles larger than 0.1 μm are degraded by macrophages, where they are subsequently eliminated from the joint[6]. However, nanometric particles are not able to stimulate phagocytosis by macrophages[7,8]. Ultra-fine particles are generally more inflammatory than fine particles of the same material[9]. The precise mechanism underlying this increased activity is currently unknown. However, it is thought to be the result of a complex series of biological reactions, which depend on particle size, shape, and chemistry and surface properties. Generally, the inflammatory response to the accumulation of particles and ions within periprosthetic tissues is considered one of the major causes of aseptic mobilization and implant failure[10]. In many cases, a thin fibrous membrane develops at the interface between the implant and the bone. This measures 0.1-0.3 mm in width at the femoral component, increasing with implant survival, and > 0.1 mm at the acetabular component. This may be considered a normal response to a foreign body and does not necessarily indicate a damaging inflammatory reaction. However, whenever excess debris is produced and/or macrophages are unable to phagocytize it all, there is a dramatic increase in particles in the periprosthetic tissue[7]. The accumulation of these debris particles tends to increase the infiltration of inflammatory cells (macrophages and mononuclear giant cells) into the tissue. These cells drive the subsequent inflammatory reaction by creating fibrin deposits at the interface. Activation of macrophages leads to the release of inflammatory mediators such as interleukin-6 and tumor necrosis factor-α. In some cases this histiocytic reaction may cause a progressive destruction of the surrounding bone, known as osteolysis, which is mediated by a complex series of biological interactions between activated macrophages, osteoclasts and osteoblasts[8,11]. Osteolysis may depend on the composition and shape of the debris particles. Experimental evidence suggests that osteolysis, that is caused by CoCr particles, may be due to a direct action of inflammatory cytokines, in contrast to osteolysis caused by titanium and polyethylene[12]. With regard to periprosthetic tissues, a significant amount of macrophage cells and a dramatic perivascular accumulation of T-cells and/or B-cells as well as plasma cells were found[13-16].
In addition, a relation between the phenomenon of osteolysis and a pseudotumor has been well described in literature. 
It would be worthwhile to investigate for an association among the amount of metal-ion release, the potential consequent osteolysis as a direct response, and the presence of pseudotumors. 
To date, few studies have compared modular and monoblock implants clinically, radiographically and tribologically. In this paper, we sought to investigate for the presence of any association between serum and urine concentrations of metal-ions released in THA and periprosthetic osteolysis for modular neck and monolithic implants 

MATERIALS AND METHODS
Type of study: Comparative retrospective. Level III Evidence.
The inclusion and exclusion criteria we chose were the following.

Inclusion criteria: (1) Diagnosis: Primary hip OA; (2) Age under 86 years old; (3) First implant prostheses; (4) Use of implants: ABG II Stryker® Modular Neck metal or ceramic ones, and ABG II Stryker® with metal head; and (5) Polyethylene head-acetabulum interface

Exclusion criteria: (1) Patients not present at 2-year follow-up; (2) Septic loosening; (3) Contralateral hip or other prosthetic implants; and (4) Occupational Hazard for metals (Metallic industries; chemical/pharmaceutical industries; textile industries; glass processing; paint processing; photographic processing).

Because of the severe criteria, we could enroll only 81 patients, of which 5 were lost over follow-up (76): 23 monoblock prostheses with metal heads (Group A, Table 1), 21 modular prostheses with ceramic heads (Group B, Table 2), 32 modular prostheses with metal heads (Group C, Table 3). The hip surgical approach adopted was the same for all the patients: Kocher-Langebeck posterior approach. The mean age for Group A was 71.08 years, for Group B it was 71.2 years, and for Group C it was 70.9 years. The mean follow-up period for Group A was 46.10 mo; for Group B it was 39.19 mo; for Group C it was 47.05 mo. 
Although we did not conduct any invasive procedures, all patients included in the study signed an informed consensus.
For each patient, we conducted anterior-posterior weight-bearing and axial radiographs on the operated hip. Both of the x-ray-projections were evaluated by the Authors, who looked for possible osteolytic processes and periprosthetic aseptic detachment, and whenever localized, both the site and degree of osteolysis were recorded. The assessment of osteolysis was conducted by revealing the presence of radiolucent areas or lines around the implant in all the zones described by Gruen for the femur and DeLee for the acetabulum[17] (Figures 1 and 2).
As suggested in literature, we quantified grades of osteolysis by measuring radiolucent signs in mm with the software for viewing the radiographs (Figure 3).
The degree of osteolysis was established as follows: Grade 0 no osteolysis; grade 1 osteolysis of 1-2 mm; grade 2 osteolysis between 2.1-3 mm; grade 3 osteolysis > 3 mm[17]. 
We also measured serum and urinary levels of Cr and Co for each patient, as shown in Tables 1-3. Patients underwent blood and urinary analyses for the study of Cr and Co values at the laboratory of Occupational Diseases of the University Clinic of Perugia. Presently, normal ranges in serum for Cr and Co are defined as 0.1-0.5 μg/L and 0.05-0.1 μg/L, respectively. While normal ranges in urine for Cr and Co are 0.05-0.35 μg/L and 0.1-1.5 μg/L[18].
We investigated for graphical and statistical correlations between levels of Cr and Co in blood and urinary exams, in order to estimate the hypothetical direct effect of higher metallic levels on the processes of osteolysis. For this, we used the statistical test of linear regression.
Finally, in all the cases of either high levels of metallic ions or painful-symptomatic, we recommended an magnetic resonance imaging (MRI), so to exclude for the presence of a pseudo-tumor around the prosthesis or other tissues-lesions.

RESULTS
As stated above, in the radiological evaluations we determined the site and grade of the osteolysis, finding that only Group C presented a grade 3 osteolysis (Figure 4) while grade 2 was prevalent in THAs with a modular neck (16 cases), compared to monoblock THAs (2 cases). 
In Figure 4, we present the final report on the observed processes of osteolysis for each group, while in Table 4 we report the localizations of the osteolysis in the peri-prosthetic field along with relative severity (Figure 4 and Table 4)
We calculated the mean values for each group: Serum Cr was 0. 54 (SD 0.56) μg/L (normal range 0. 1-0.2 μg/L) for Group A, 0.67 (SD 0.60) μg/L for Group B and 0.91 (SD 0.69) μg/L for Group C; the mean value of serum Co was 3.59 (SD 3.46) μg/L (normal range 0.05-0.3 μg/L) for Group A, 3.05 (SD 1.76) μg/L for Group B and 5.29 (3.46) μg/L for group C; the mean value of urine Cr was 1.41 (1.33) μg/L (normal range 0.05-0.35 μg/L) for Group A, 2.34 (SD 1.66) μg/L for Group B and. 95 (SD 1.75) μg/L for Group C; the mean value of urine Co was 10.06 μg/L (SD 10.19) (normal range 0.1-1.5 μg/L) for Group A, 14.42 (SD 9.18) μg/L for Group B and 21.73 (SD 12.64) μg/L for Group C (Tables 1-3).
We observed that in the modular THAs groups (B and C) there were higher serum and urinary Cr and Co levels and higher prevalence of osteolysis. 
Table 5 reports on the correspondence between mean values of metal-concentration and cases of osteolysis.
Linear regressions conducted in order to quantify a direct relation between ion-release and osteolysis revealed a positive result (where positivity corresponds to P > 0 at linear regression) for every test; though there were varying degrees of significance for each test.
Cr levels from blood exams showed a coefficient of linear regression equal to 0. 048 for grade 2 of osteolysis and 0.101 for grade 3 osteolysis. 
Coefficients for Cr in urine resulted being 0.21 for grade 2 osteolysis and 0.37 for grade 3; resulting in a stronger correlation, compared to the Cr in the blood.
Coefficients for Co in the blood resulted being 0.17 for grade 2 of osteolysis and 0.66 for grade 3 (both stronger than Cr). Whereas, coefficients for Co in the urine resulted being 1.51 for grade 2 of osteolysis and 3.16 for grade 3.
Graphs below (Dispersion graphs) show that, although there having been a variability in coefficients of linear regression for the different exams, every test result exhibited a regular tract of linear correlation, except for the serum cobalt values (Figure 5).
As for pseudotumors, of the few MRI tests we were able to carry out, there were no diagnosed cases. Additionally, all patients with loosening of the THA met exclusion criteria, so we could not conduct a correlation between the levels of metals and loosening of THA.

DISCUSSION
Corrosion at the stem-neck junction was first described in 1980[19]. Neck-to-stem wear is more significant than the head-to-neck junction, due to the higher mechanical stresses and an increased lever arm in the former[20]. 
Our study suggester this condition, highlighting a greater degree of osteolysis for the proximal portion of the femur (zones 1 and 7).
The choice of materials have been reported to affect the durability and survival of the implant. In current-day hip prostheses, the physical properties of CoCr provide an ideal surface for supporting the load and movement with minimal degradation over a long period. The CoCr Mo neck has increased rigidity and wear resistance compared to Ti6Al4V[21]. One possible cause of corrosion is the failure of the stem, due to a loss of tension of soft tissues, that creates micromovements of the neck; also inappropriate neck orientation on the stem creates a stress concentration on the neckline; impingement between the femoral neck and the acetabular cup, osteolysis and fretting are other possible causes of dissociation[21,22]. In addition, the formation of pseudotumors is a known complication of modular neck prostheses, even though there is no widely held consensus regarding a possible correlation with urinary and blood metal ions levels[23]. The pathophysiology of these lesions is not known, although it is assumed to be a consequence of local chronic inflammation, due to the release of metal particles causing necrosis and cell cytotoxicity[22-26]. Some authors have reported that patients with pseudotumors have higher chromium and cobalt serum levels, compared to patients without pseudotumors[27]. Furthermore, over the last decade, physicians have described additional adverse effects beyond osteolysis, including pseudotumors and loosening caused by metallosis. In fact, several studies have described how Metal-on–Metal prostheses may be a potential cause of ALVAL lesions[28]. ALVAL is short for “Aseptic Lymphocyte-Dominant Vasculitis-Associated Lesions” a histological entity denoting a chronic inflammatory response to metal particles, as a T-lymphocyte-mediated type IV hypersensitivity reaction. Specifically, the particles activate cytotoxic T-lymphocytes and macrophages, which in turn leads to tissue damage[29]. 
Joint prostheses in CoCr are not subject to standard biological monitoring and the acceptable levels of CoCr in the blood and urine have yet to be established. To date, it is uncommon practice to measure CoCr serum and urinary levels in patients who had undergone prosthetic implant surgery. There is no standardized assessment for maximum levels, either for either blood or urine levels, which might assist surgeons in patient management; instead surgeons can rely upon only clinical symptoms and/or adverse reactions. Therefore, although there is no currently held agreement on what the possible decision limits could be for increases in blood and urine metal levels, any elevation should always be considered relevant and worthy of attention.
While there have been studies that have analyzed these events from a pathophysiological perspective, it is evident that in literature there have been few studies that have been designed with a clinical, radiological and tribological approach for patients with modular and monoblock prostheses, regardless of the coupling of metals and non-metallic material (ceramic, polyethylene) used in their modularity.
For the most part, most studies have statistically evaluated ion elevations relating to the type of prostheses, whereas few have correlated osteolytic events and/or conducted clinical follow-up. Another limitation of past studies concerns their short follow-ups, with only a few studies planning periods longer than 40 mo.
In 2007, Daniel et al[30] conducted a four-year follow-up after THAs in young and active patients. Like in our study, the authors reported significant increases in the levels of metal ions at 1-year follow-up, compared to pre-operative times. At 4-year follow-up, the same Authors observed a progressive reduction in these levels; statistically significant for Cr but not for Co[30]. 
In 2020, Pozzuoli et al[31], were able to perform a 7-year follow-up, from which they reported a revision-rate for MOM prostheses where they conducted clinical and radiographic evaluations in relation to metal-ion release[31].
For our study results, we saw how the release of metal ions could, either directly or indirectly, set off the activity of the osteoclasts, and might, therefore, have been responsible for periprosthetic bone resorption, and in some cases for aseptic loosening of the implant itself. From our radiogram findings, it is evident (Graph I) that the cases of marked osteolysis were only in Group C, which was also the group with the most cases of grade-two osteolysis. We can therefore affirm that, in our study, a greater release of metal ions corresponded to a greater number of osteolysis cases.
The statistical tests of the linear regression used, generally showed positive correlations between detected increases in the values of metal ions and the severity of osteolysis.
However, these results need to be challenged by further investigations. Our sample of patients underwent investigations that could not be complete, including biomechanical tests and/or longer follow-up. Unfortunately, MRI was not performed on all the patients in this series, and when done so, it could not be performed in a standardized manner. This made those few examinations, neither clinically nor statistically comparable. So, it was not possible to hypothesize on a relationship between either the phenomenon of inflammatory lesions and the degree of metal release or the severity of periprosthetic osteolysis.

CONCLUSION
Periprosthetic osteolysis in total hip replacement is one of the most significant mid- and long-term adverse events that has been described over the years. The cause of this event has been widely debated, with a wide consensus on a macrophage inflammatory response due to the presence of metal ions released from the implants caused by wear mechanisms. Our study results indicate a direct quantitative, as well as qualitative relationship, between the release of the most common periprosthetic metal ions in THAs (Cr and Co) and the presence of periprosthetic osteolysis. Furthermore, our results showed how modularity in THAs has irrefutable biomechanical advantages but is, however, associated with both a higher degree of metal ion release and greater prevalence of osteolysis events. These increases were even greater when metals rather than ceramic components were detected in the modularity.
To obtain a robust level of evidence, future randomized and controlled trials should be designed to identify further risk factors that could affect the levels of metal ions, which could also be associated either systemic adverse effects or local events, such as osteolysis, aseptic loosening and/or tissues-lesions.

ARTICLE HIGHLIGHTS
Research background
Osteolysis is one of the most common and important adverse reactions to total hip arthroplasty (THA). Therefore it’s important to define if there are conditions that facilitate its occurrence.

Research motivation
There is a lack of works studying the correlation between metal ions levels and osteolysis and its different prevalence between modular THA and monolithic prostheses. 

Research objectives
Studies analyzing these topics would help the surgeons in the choice of the implants and in the in a correct patients’ follow-up. So that we designed this work aiming to have a comprehensive vision of a complication, such as the osteolysis, in THA.

Research methods
We enrolled 76 patients who underwent an operation of first implant of THA, with no other prosthesis and no Cobalt and Chrome (CoCr) work exposure. We divided them in three groups: Patients with monoblock prosthesis with metal head (Group A,), patients with modular prosthesis with ceramic head (Group B), patients with modular prosthesis with metal head (Group C). We analyzed the presence, if any, of osteolysis, its localization and the serum and urinary metal ions levels (Cr and Co).

Research results
We found out a direct correlation between the release of periprosthetic metal ions and osteolysis, also this study highlights that modularity is related to a higher metal ion release and osteolysis events.

Research conclusions
Our study reveals that there is a correlation between metal ions levels and presence and severity of osteolysis and that this is more evident in modular THA, due to higher corrosion.

Research perspectives
Obviously there is a need for more studies to obtain a good level of evidence and confirm these findings.
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Figure Legends
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Figure 1 Gruen’s classification for femural osteolysis.
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Figure 2 DeLee-Charney's classification for acetabular osteolysis.
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Figure 3 Measurement of grades of osteolysis.
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Figure 4 Cases of osteolysis and relative severity for every group.
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Figure 5 Relation between serum chrome, urine chrome, serum cobalt, urine cobalt and osteolysis. A: Serum chrome and osteolysis; B: Urine chrome and osteolysis; C: Serum cobalt and osteolysis; D: Urine cobalt and osteolysis.


Table 1 Patients with monolithic total hip arthroplasty
	Group A
	
	
	
	
	

	Patient
	Age
	Cr serum (μg/L)
	Cr urine (μg/L)
	Co serum (μg/L)
	Co urine (μg/L)

	1
	58
	0.53
	0.69
	3.9
	6

	2
	63
	0.14
	0
	0
	0.76

	3
	69
	0.92
	2.71
	3.22
	14.53

	4
	76
	0.8
	2.14
	11.1
	34.9

	5
	77
	0.07
	0.11
	0.1
	0.1

	6
	65
	no
	1.48
	5.03
	14.9

	7
	71
	0.1
	0.4
	0.82
	0.2

	8
	74
	0.08
	0.61
	0.73
	2.1

	9
	75
	0.5
	1.13
	4.3
	9.6

	10
	78
	0.77
	2.94
	10.65
	27.5

	11
	79
	2.05
	4.36
	7.92
	17.4

	12
	75
	0.7
	1.7
	4.6
	9.4

	13
	65
	0.37
	2.3
	7.84
	26

	14
	75
	1.14
	3.86
	6.38
	24.2

	15
	70
	0.1
	0.1
	0.1
	0.1

	16
	69
	0.3
	1.25
	1.77
	7.1

	17
	72
	0.34
	0.04
	0.1
	0

	18
	71
	0.76
	1.07
	2.06
	9.3

	19
	74
	0.1
	0.09
	0.67
	0.1

	20
	65
	0.1
	0.22
	1.34
	3.9

	21
	64
	0.1
	0.52
	0.34
	0.2

	22
	72
	1.87
	3.69
	7.25
	12.38

	23
	78
	0.1
	1.02
	2.41
	10.7

	mean
	71,08
	0.54 
	1.41
	3.59
	10.06

	ST.DEV
	
	0.56
	1.33
	3.46
	10.19


Table 2 Patients with modular/ceramic head total hip harthroplasty
	Group B
	
	
	
	
	

	Patient
	Age
	Cr serum (μg/L)
	Cr urine (μg/L)
	Co serum (μg/L)
	Co urine (μg/L)

	24
	68
	1.56
	3.9
	4.19
	19.2

	25
	71
	0.1
	2.34
	2.09
	21.15

	26
	69
	0.38
	1.59
	2.3
	15.2

	27
	70
	0.67
	1.91
	0.61
	0.2

	28
	71
	2.25
	7.52
	5.6
	17.7

	29
	75
	0.77
	2.36
	6.33
	19.5

	30
	55
	0.44
	1.55
	3.76
	19.9

	31
	74
	0.53
	1.9
	3.4
	23.9

	32
	76
	0.55
	1.94
	2.95
	29.4

	33
	74
	0.18
	0.24
	1.83
	4.7

	34
	69
	0.11
	1.54
	0.85
	0.2

	35
	81
	0.2
	1.28
	1.79
	2.1

	36
	78
	0.5
	0.49
	3.93
	12.5

	37
	65
	0.38
	3.89
	1.44
	12.4

	38
	74
	1.03
	2.59
	6.28
	26.4

	39
	79
	0.73
	3.19
	2.55
	4.7

	40
	72
	0.35
	1.57
	1.93
	16

	41
	73
	0.24
	0.78
	2.19
	5.3

	42
	55
	1.13
	1.97
	1.93
	7.2

	43
	71
	0.1
	1.41
	0.46
	27.2

	44
	77
	1.96
	3.48
	3.63
	24.4

	mean
	71.28
	0.67
	2.34
	3.05
	14.42

	ST.DEV
	
	0.60
	1.66
	1.76
	9.18





Table 3 Patients with modular/metallic head total hip arthroplasty
	Group C
	
	
	
	
	

	Patient
	Age
	Cr serum (μg/L)
	[bookmark: _Hlk69924739]Cr urine (μg/L)
	Co serum (μg/L)
	Co urine (μg/L)

	45
	84
	1.78
	4
	7.02
	27.7

	46
	73
	0.9
	4.89
	9.8
	28.9

	47
	67
	2.19
	8.4
	5.1
	19.1

	48
	73
	0.27
	2.56
	4.43
	24.9

	49
	69
	1.26
	5.04
	8.56
	40.1

	50
	68
	0.26
	0.8
	3.01
	15

	51
	73
	0.32
	3.18
	3.2
	18.2

	52
	74
	0.1
	1.96
	2.7
	3.5

	53
	62
	0.84
	2.96
	3.5
	12.3

	54
	79
	0.81
	3.27
	4.45
	19.7

	55
	71
	0.55
	2.72
	3.86
	18.6

	56
	78
	2.5
	1.9
	5.22
	14.8

	57
	73
	0.84
	1.99
	0.46
	7.5

	58
	59
	1.31
	3.8
	4.77
	25.3

	59
	75
	0.19
	2.99
	4.03
	22.5

	60
	59
	0.39
	0.88
	0.76
	7.89

	61
	74
	0.9
	3.5
	4.56
	24.7

	62
	52
	0.55
	0.98
	5.55
	19.8

	63
	64
	0.7
	2.21
	4
	14.5

	64
	85
	0.59
	7.19
	5.72
	41.6

	65
	72
	1.94
	4.69
	7.14
	41.9

	66
	77
	0.15
	1.94
	2.17
	16.1

	67
	71
	0.1
	1.58
	1.33
	7.9

	68
	72
	1.4
	3.57
	8.84
	35.4

	69
	85
	1.24
	2.07
	13.78
	60.2

	70
	32
	2.65
	1.77
	7.03
	16.7

	71
	79
	1.27
	3.28
	2.09
	18.2

	72
	79
	0.84
	1.7
	4.52
	17

	73
	74
	0.96
	3.89
	15.47
	36.8

	74
	60
	0.14
	1.05
	4.94
	11.16

	75
	79
	0.49
	2.41
	1
	6

	76
	78
	0.75
	1.5
	7.22
	18

	mean
	70.93
	0.91
	2.95
	5.29
	21.73

	ST.DEV
	
	0.69
	1.75
	3.41
	12.64





Table 4 Localization of osteolysis in peri-prosthetic field
	
	Group A
	Group B
	Group C

	Site of osteolysis
	
	
	

	Gruen zone 7
	2
	2
	4

	Gruen zone 1
	2
	6
	12

	DeLee zone 1 and 2 
	5
	3
	3





Table 5 For every group mean values of blood and urinal concentration of Chrom and Cobalt are related to cases of osteolysis
	
	Cr Serum (μg/L)
	Cr urine (μg/L)
	Co serum (μg/L)
	Co urine (μg/L)
	Cases of Gr. 2 osteolysis
	Cases of Gr. 3 osteolysis

	Group 1
	0.54
	1.41
	3.59
	10.06
	2
	0

	Group 2
	0.67
	2.24
	3.05
	14.42
	7
	0

	Group 3
	0.91
	2.95
	5.29
	21.73
	9
	3


Cr: Chrom; Co: Cobalt.
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