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Introduction: Hip arthroplasty (HA) using implantable metal components is among the commonest orthopedic interventions. 
However, it can be followed by several complications following corrosion and the release of metal ions. Several studies proved 
that damaged genomic DNA may contribute to the pathophysiology of mental disorders.
Aim: The current work aims to evaluate the psychiatric disorders in metal on polyethylene hip arthroplasty (MOP-HA) patients and its 
correlation to cobalt/chromium (Co/Cr) levels and genotoxicity.
Methods: The work was a longitudinal follow-up study including 34 adults with unilateral primary MOP-HA meeting the inclusion 
and exclusion criteria. Preoperatively, 6, 12-months-postoperatively, patients were examined for cognitive impairment using mini- 
mental-state-examination (MMSE), depression using major-depressive-inventory (MDI), and blood samples were collected for 
estimation of Co/Cr, detection of genotoxicity by single-cell-gel-electrophoresis (comet assay) and serum 8-hydroxy-2’–deoxyguano-
sine (8-OHdG).
Results: Cognitive impairment was reported in 18.5% and 14.8% at 6-months, and 12-months postoperative, respectively. Depressive 
disorder was recorded in 22.2% at 6-months and 14.8% at 12-months postoperative. The marginal homogeneity tests proved a non- 
significant difference. There was a non-significant difference in preoperative, 6-months, 12-months postoperative MMSE, and MDI 
scores. There were significantly increased Co/Cr levels at 6-months postoperative. The levels decreased at 12-months postoperative, 
however, still significantly higher than preoperative values. There was a significant increase in serum 8-OHdG and the levels were 
positively correlated to cobalt levels at both 6 and 12-months-postoperative. There was a non-significant difference among preopera-
tive, 6-months, and 12-months postoperative comet assay measurements.
Conclusion: From previous findings, we can conclude that will-functioning MOP hip arthroplasty can induce increased ion levels and 
positively correlated increase in biochemical markers of genotoxicity (8-OHdG).
Keywords: metal on polyethylene hip arthroplasty, cobalt, chromium, major depressive inventory, mini-mental state examination, 
genotoxicity

Introduction
Worldwide, there is a dramatic increase in the number of orthopedic surgeries required for hip replacements and total hip 
arthroplasty (THA) has become one of the most commonly performed surgical procedures.1 Over 200,000 total hip arthroplasty 
(THA) are performed in the United States annually, and the need for primary THAs is expected to expand by 174% to 574,000 by 
2030.2 Although there are no adequate statistics for the THA in Egypt, it is estimated that the number of THA has increased by 
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almost 30% in many countries between 2007 and 2017.3 This surgery is not limited to the elderly as there is an increasing number 
of hip arthroplasty performed in younger patients with approximately one-third of these surgeries being performed under 60 years 
of age and 40% being performed under the age of forty.4 Femoral neck fracture and osteoarthritis (OA) are two of the medical 
conditions necessitating a hip replacement and are most frequently carried out.5 Osteoarthritis may be primary which is 
diagnosed in the absence of trauma or disease but is associated with risk factors such as age, female gender, obesity anatomical 
factors, and muscle weakness6 while secondary osteoarthritis occurs with preexisting trauma or diseases such as congenital joint 
disorders, inflammatory and infectious arthritis, Paget disease, metabolic disorders, Danlos and Marfan syndrome.7 Hip fracture 
is a major medical issue especially in the elderly population since it is related to high mortality and morbidity.8 The incidence of 
hip fractures is expanding worldwide along with the expansion of the osteoporotic elderly population.9,10

Hip replacement surgery using implantable metal components has been performed for over 50 years.11 According to 
the National Joint Registry 18th Annual Report 2021, metal on polyethylene (MoP) is one of the main categories of 
bearing surfaces for hip replacement.12

However, any metal surrounded by biological systems will corrode, leading to the release of metal ions that cause 
adverse physiological effects including toxicity, and metal allergy.13,14 Although the majority of cases of hypersensitivity 
reactions attributed to corrosion products and elevation of cobalt and chromium ions in the blood were reported in metal-on- 
metal (MOM) implants,15–17 these reactions have been also reported in the metal-on-polyethylene patients.18 Although 
Bijukumar et al19 showed that the metal wear rate of MOM articulation is approximately 20 times lower than that of MOP 
articulation, the polyethylene particle wear is reduced in the recently introduced highly cross-linked polyethylene.20 Scully 
and Teeny21 reported pseudo-tumor formation in a case of MOP total hip arthroplasty. In addition, Cooper et al22 reported 
corrosion, local tissue reaction, and elevated serum metal levels associated with MoP bearing. The local soft tissue reaction 
has an exuberant inflammatory nature and is often associated with tissue necrosis/infarction, macrophagic and lymphocytic 
infiltrate and there is a strong positive correlation between the amount of cobalt and chromium ions and tissue oxidative 
damage.23 In addition, Eltit et al24 reported adverse local tissue reaction with elevated chemokines, alteration of blood 
vessels, and elevated levels of cobalt and chromium in the synovial fluid and serum of 17 patients with MoP hip arthroplasty 
and an equal number of MoM hip arthroplasty patients; they also recorded that MoP systems induce more necrotizing 
lesions and higher cobalt and chromium levels in the synovial fluid than MoM system.

Cobalt metallosis after revision MoP total hip arthroplasty was reported by Harris et al;25 the condition was 
manifested by progressively worsening hip pain, memory loss, fatigue, persistent tachycardia, lower extremity sensory 
loss, and ocular changes associated with elevated cobalt and chromium levels. Even in patients with well-functioning 
primary MoP total hip replacements, elevated serum metal levels were detected for as long as ten years postoperatively.26

Psychiatric disorders following MoM implant surgery have been recently reported in patients with implant failure 
requiring revision surgery.27 The authors related these psychiatric problems to one of three mechanisms; either 
psychological mechanisms such as fear of the possibility of further surgical procedure and continuing problems with 
pain and mobility or static brain damage caused by Co/Cr toxicity or a dynamic process, that is early-onset dementia 
sparked by metallosis. However, Clark et al28 reported that chronic exposure to even lower elevated metal levels in 
asymptomatic patients with well-functioning hip prostheses causes subtle brain structure and function abnormalities.

However, evaluation of the psychiatric disorders in MoP implants which also release cobalt and chromium has not 
been previously addressed. In addition, understanding the mechanisms underlying the occurrence of psychiatric disorders 
in these cases remains challenging.

Recently, several studies established the relationship between many psychiatric diseases and a considerably high level 
of oxidative DNA damage in the brain accompanied by morphological and functional alterations. These findings reveal 
that damaged genomic DNA may contribute to the pathophysiology of mental disorders.29

Sanson et al30 reported that cobalt and chromium particles released from hip prosthesis can reduce cellular viability, induce 
DNA damage, and lead to chromosomal aberration. Chromosome translocations and aneuploidy were found in peripheral 
blood lymphocytes of patients undergoing revision arthroplasty of predominantly metal-on plastic31 and MOM hip 
replacements.4,32 Briggs et al33 also reported translocation, breaks, loss, and gain of chromosomes in peripheral lymphocytes 
of patients with MoP hip arthroplasty up to 5 years post-operative. Keegan et al34 reported that exposure to cobalt and 
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chromium both from industry and surgical implants is associated with changes in the peripheral blood, including evidence of 
oxidative stress.

This current work aims to evaluate the psychiatric disorders in primary MoP hip arthroplasty patients and their 
correlation to Co/Cr levels and genotoxicity.

Patients and Methods
Ethical Principles
This study was conducted in compliance with the Declaration of Helsinki and after institutional review board (IRB) 
approval from Ain Shams University (17-9-2017), Zagazig University (4691-26-8-2018), University of Maryland, 
Baltimore (HP-00077709, 16-11-2018 with modifications approved 7-1-2019). Written informed consent was obtained 
from patients who agreed to participate after explaining the study objectives, and outcomes and ensuring full confidenti-
ality of data.

Inclusion and Exclusion Criteria
The study included adult patients with a unilateral primary total hip arthroplasty following hip fracture using metal on 
polyethylene prosthesis [Cobalt chrome metal femoral head with high cross-link polyethylene liner, cementless 
(Longevity®, from ZIMMER Biomet) without any other metal implant].

The exclusion criteria were patients with depression or psychiatric disorders, patients showing a history of asthma or 
any hypersensitivity diseases or autoimmune diseases, patients with underlying diseases including end-stage hepatic or 
renal dysfunction, and patients with occupational exposure to chemicals causing genotoxicity (cobalt, chromium, 
formaldehyde, hair dyes, lead) or those occupationally exposed to ionizing radiation, patients using medications 
known to be genotoxic, eg, cancer medications, some antidepressant drugs, corticosteroids, and heavy alcohol drinkers 
and addicts of other agents proved to be genotoxic including cocaine, cannabis.

Study Design and Procedures
Study Design
The work is a longitudinal follow-up study where the included patients were examined at 0-point (pre-operative) and 
followed up at 6 and 12 months post-operative. This is based on several previous studies documenting that the peak ion 
level after metal hip arthroplasty is reached at 3 months,35 6 months,36 6 to 12 months,37 12 months post-operative,38 and 
other reports of the development of neurological disorders within months following metal implant surgery.39,40

Patient Recruitment and Demographic Data Obtaining
The patients were recruited from Orthopedic Department, Zagazig University Hospitals during the period from February 2020 
to August 2020. The demographic data of the patients were obtained. The data included age, gender, residence, education, and 
socioeconomic status (SES). The socioeconomic status was determined based on the SES scale updated by Fahmy et al.41 The 
scale assesses several domains including the education domain, economic domain, family domain, and housing sanitation 
domain. Three classes are categorized namely low socioeconomic status with a score of <40% (<19.2), middle socioeconomic 
status with a score of 40 to <70% (19.2 to <33.6), and high socioeconomic status with a score of >70% (33.6–48).

Assessment of Cognitive Status Using Mini-Mental State Examination (MMSE)
MMSE was introduced by Folstein et al.42 The test is available in several languages; the Arabic version MMSE-2 which 
was translated, culturally adapted, and validated by Albanna et al43 was used. In this version, the scales were assessed 
against the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) criteria 
for dementia, as the gold standard. The test takes about 7–10 minutes to complete and it checks a wide series of cognitive 
functions, including orientation, recall, attention, calculation, language processing, and constructional praxis. The total 
score is 30 and the cutoff values for the degrees of cognitive deficits were determined according to Folstein and 
Folstein;44 they considered 27–30 to be normal, 21–26 as mild cognitive impairment, 11–20 as moderate cognitive 
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impairment and ≤10 as severe cognitive. In addition, the most widely used cutoff to suggest dementia is a score of <24 
which yielded a sensitivity and specificity of 58% and 98%, respectively.45

Assessment of Depressive Disorder Using Major Depressive Inventory (MDI)
The MDI, developed by Bech et al46 for the World Health Organization (WHO) in 2001, was used in this study. It has the 
advantage of covering the DSM-IV symptoms of major depression and the International Statistical Classification of 
Diseases and Related Health Problems, 10th Revision (ICD-10) category of mild, moderate, and severe depression which 
involves both duration and intensity criteria. The Arabic version (MDI-A), prepared and tested for its reliability and 
concurrent and discriminant validity by Fawzi et al,47 was used. Originally, MDI used the past 2 weeks as the time frame; 
however, we focused on questions to exclude the time of the hip fracture to avoid biases in the results by the 
psychological state resulting from the subsequent pain and immobilization. The MDI-A involved 12 items, however, 
functionally it is composed of only 10 items because items 8 and 10 are composed of 2 sub-items each (a and b) with the 
highest score of either a or b is only countable. Answers are recorded on a 6-point Likert-type scale, ranging from 0 (at 
no time) to 5 (all the time) with a possible range of 0–50. The standardization of the score considered 0–20 to be no or 
doubtful depression, 21–25 as mild depression, 26–30 as moderate depression, and 31–50 as severe depression.48

Measurement of Serum Cobalt and Chromium Levels
Cobalt and chromium levels were measured according to the method described by Savarino et al49 and Jiang et al.50 

Venous blood samples were collected from the antecubital vein of fasting patients in the morning. Trying to avoid metal 
contamination during the blood sample collection and analysis was done by discarding the first 5 mL of the collected 
blood to avoid contamination from the needle, and collecting the samples in metal-free vacutainer tubes. In addition, the 
instruments used during the analysis were soaked in 2% nitric acid (HNO3) in twice-distilled and deionized water, 
followed by meticulous washing in twice-distilled and deionized water. The blood samples were centrifuged at 800 ×g, 
4oC for 10 min, and the separated serum samples were frozen at –70oC till analysis. Consequently, 0.5 mL of nitric acid 
(HNO3) was added to 0.5 mL of serum, and the resultant mixture was incubated for 24 h; then 4 mL of deionized 
distilled water was added to the mixture and the amount was estimated. After centrifuging at 8000×g for 3 min, the 
supernatant was separated and used for the estimation of cobalt and chromium using Buck scientific 210VGP Atomic 
Absorption Spectrophotometer and the results were expressed as ng/mL.

Assessment of Genotoxicity in Peripheral Blood Samples of Included Patients
Single-Cell Gel Electrophoresis (Comet) Assay 
The processes of blood sample collection and storage for the comet assay were performed according to the method 
described by Al-Salmani et al;51 it has the advantages of being more simplified, suitable for direct use in the alkaline 
comet assay, the whole blood can be used without the need for pre-analysis separation of peripheral blood mononuclear 
cells (PBMC) which is highly time-consuming. In addition, this method does not need any cryo-preservative and allows 
storage of samples for up to 1 month without artifactual DNA damage. Blood samples collected by lancet (~250 μL) 
were obtained from the side of a finger and transferred, by pipette, into tubes containing sterile Ethylenediamine 
tetraacetic acid (EDTA) solution (0.4 mg EDTA/250 μL of blood). Samples were then frozen at −80°C for later analysis. 
Before the assay, the stored samples were allowed to thaw for up to 30 min at 4°C.

As described by Møller et al,52 the alkaline comet assay passes into several steps including preparing a single cell 
suspension, embedding the cells in agarose, lysis of the cell, alkaline treatment, electrophoresis, neutralization, and DNA 
staining for the process of visualization and scoring and data analysis.

Each 5 μL of whole blood was suspended in 200 μL of pre-warmed 0.6% low-melting-point (LMP) agarose. 80 μL 
from the previous suspension was pipetted and distributed directly to each half of the microscope slide which was pre- 
coated with 1% normal-melting-point (NMP) agarose, and the two gels per slide were allowed to harden under 
a coverslip, on ice. Eight slides were prepared for each sample and all the slides were given a similar code or number 
allowing for blind examination and scoring.53
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The lysis step was performed by gently removing the coverslips and immersing the slides in pre-chilled lysis buffer at 
4°C overnight with protecting the slides from light. The lysis buffer was prepared by adding a 100 mM solution of 
disodium ethylenediamine tetraacetic acid (Na2EDTA), 2.5 M sodium chloride, and 10 mM tris hydroxymethyl 
aminomethane in purified water, the pH is adjusted to 10 with 10 N sodium hydroxide solution. Triton X100 and 
dimethyl sulfoxide were then added to the solution to achieve final concentrations of 1% and 10%, respectively, and then 
kept at 4–10°C for at least 30 min before use. After removing the slides from the lysis buffer, drain the slides and rinse 
once with cold neutralization buffer (0.4 M Tris Base in purified water adjusted to pH 7.5 with hydrochloric acid) for 5 
min to remove residual detergent and salts.54

The steps of alkali unwinding, electrophoresis, neutralization, and DNA staining were also performed according to 
Ding et al.54 The slides were located in a fresh electrophoresis buffer (300 mM sodium hydroxide (NaOH), 1 mM 
Na2EDTA, pH 13.0) inside a horizontal gel electrophoresis chamber for 20 min at 4°C to allow DNA unwinding and 
expression of alkali-labile sites. Denaturation and electrophoresis were performed under dim light at 4°C. Electrophoresis 
was carried out for 30 min at 300 mA. After electrophoresis, the slides were washed three times gently using 
a neutralization buffer (0.4 M Tris-HCl, pH 7.5) to remove excess alkali and detergents. Then, slides were stained 
with ethidium bromide.

The slide examination was performed using a fluorescence microscope equipped with an appropriate filter and images 
were captured by a Nikon CCD camera at a 40x objective. The qualitative and quantitative extent of DNA damage in the 
cells was estimated using the Komet 5 image analysis software developed by Kinetic Imaging Ltd. (Liverpool, UK). 
Based on the recommendation of Kumaravel et al,55 we used the length of DNA migration [tail length] and the 
percentage of migrated DNA in the tail [tail DNA %], and the tail moment [correlation between tail length and tail 
DNA %] as the most reliable comet measurements that would truly reflect the extent of DNA damage. Generally, images 
of 100 (50 × 2) randomly selected cells are analyzed per sample. The mean value (for 100 cells) was calculated.

Measurement of Serum Level of 8-Hydroxy-2’–Deoxyguanosine (8-OHdG) 
Two milliliters of blood were obtained by venipuncture and transferred to serum separation tubes. The samples were 
allowed to clot for two hours at room temperature and then centrifuged at 1000 rpm for 15 minutes. The serum was 
separated and stored at −80°C for later estimation of 8-OHdG. The enzyme-linked immunosorbent assay (ELISA) kit 
from MyBioSource (Catalog Number: MBS704914) was used following the manufacturer’s instructions. The assay 
utilizes the competitive inhibition enzyme immunoassay method where a competitive inhibition reaction is initiated 
between the pre-coated 8-OHdG and 8-OHdG in samples and a substrate solution is added to the wells and the color 
develops opposite to the amount of 8-OHdG in the sample. The color development is stopped and the intensity of the 
color is measured within 5 minutes, using a microplate reader set to a wavelength of 450 nm.

Patient Follow-Up
At 6 and 12 months postoperative, all patients were assessed for pain and function according to the method described by 
Konan et al56 to exclude pain and dysfunction as confounders to the occurrence of depression and affection of MDI 
score. All patients were found to have a well-functioning prosthesis and reported no pain. They were asked to report data 
about all prescription and non-prescription medications and any post-operative exposure to the substances listed in the 
exclusion criteria. None of the patients was found to be exposed. MMSE and MDI were assessed in addition to 
estimating the cobalt and chromium levels, comet assay parameters, and 8-OHdG levels.

Statistical Analysis
Sample Size Calculation
Based on previous a previous study,57 the difference of Cobalt levels/Cr levels between immediately measured post-
operatively and 6 and 12 months postoperative showed a relatively large effect size. A sample size of 25 data pairs 
achieves 80% power to reject the null hypothesis of zero effect size when the population effect size is 0.70 and the 
significance level (alpha) is 0.017 using a two-sided paired t-test. The level of alpha was calculated according to the 
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Bonferroni correction allowing for three pairwise comparisons. The final sample size will be 34 adding 25% to 
compensate for dropouts.

Data Curation
Data were collected, tabulated, and managed using Statistical Package for Social Science version 24 (SPSS Inc., Chicago, 
IL). Quantitative variables were presented as a mean± standard deviation; Repeated measure one-way ANOVA was used 
to examine the difference in the measured parameters across the three points of time and post-hoc pairwise comparison 
was done using Bonferroni correction. Pearson correlation coefficient was used to examine the linear relationship 
between selected variables. Qualitative variables were presented as count and proportions and the Marginal homogeneity 
test was used to test the changes in proportions across time points. A p-value equal to or less than 0.05 was considered 
statistically significant.

Results
We approached 37 eligible patients for participation in the study. Three patients declined to participate. The remaining 34 
patients were included. Five patients (14.7%) failed to show up for their first postoperative evaluation at 6 months, and 2 
patients failed to show up for their final evaluation at 12 months (dropout rate of 5.8% for the final visit). The flow chart 
of the study is shown in Figure 1.

The demographic data of the approached cases who completed the follow-up visits (number = 27) are presented in 
Table 1.

The mean values and standard deviation of MMSE score preoperatively, 6-months postoperative, and 12-months 
postoperative are 28.22±1.34, 26.48±4.49, and 26.48±5.03, respectively, with a non-significant difference between the 
three measures (p = 0.087). Cognitive impairment was reported in 18.5% of patients at 6-months postoperative. However, 
this percentage decreased to 14.8% at the second postoperative visit. Although the Marginal Homogeneity tests proved 
no statistical significance between each pair of comparisons, the degree of the deficit is higher in the postoperative 
follow-up visits (Table 2).

Figure 1 A flow chart of the participants throughout the whole study duration.
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In addition, the mean values and standard deviation of MDI score preoperatively, 6-months postoperative, and 12- 
months postoperative are 16.85± 2.93, 18.67± 5.73, and 18.11±6.08, respectively, with also a non-significant difference 
between the three measures (p = 0.208). At 6-months postoperative, the presence of depressive disorders in 22.2% of 
patients included in the study is recorded and distributed as 7.4% mild, 11.1 moderate, and 3.7% severe. The percentage 
of patients with depressive disorders decreased to 14.8% at 12-months postoperative with no statistically significant 
difference between each pair of comparisons by Marginal Homogeneity tests (Table 2).

The repeated measure one-way ANOVA test shows a significant difference in the cobalt and chromium levels 
between the preoperative, 6-months postoperative, and 12-months postoperative measures (p < 0.001). The scatter plot 
diagram presented in Figures 2 and 3 shows a significant increase in the cobalt and chromium levels 6 months 

Table 1 Demographic Data of Cases of Metal on Polyethylene Hip Implant 
Surgery Who Completed the Follow-Up

Variable (n=27)

Age Mean ± SD 67.29± 8.44

Range 46–79

Variable Frequency Percentage

Sex Female 14 51.9%

Male 13 48.1%

Residence Rural 13 48.1%

Urban 14 51.9%

Education Elementary 8 29.7%

Medium 9 33.3%

University 10 37%

Social class Low 9 33.3%

Moderate 12 44.4%

High 6 22.3%

Abbreviation: SD, standard deviation.

Table 2 Comparison of Preoperative, 6 Months, and 12 Months Postoperative MMSE and MDI 
Categories in the Sample of 27 Co/Cr Metallic Hip Replacement Operations

Normal Mild Moderate Severe

MMSE Preoperative 24 (88.9) 3 (11.1) 0 (0) 0 (0)

6 months postoperative 22 (81.5) 1 (3.7) 4 (14.8) 0 (0)

12 months postoperatively 23 (85.2) 0 (0) 3 (11.1) 1 (3.7)

MDI Preoperative 26 (96.3) 1 (3.7) 0 (0) 0 (0)

6 months postoperative 21 (77.8) 2 (7.4) 3 (11.1) 1 (3.7)

12 months postoperatively 23 (85.2) 0 (0) 3 (11.1) 1 (3.7)

Notes: Marginal Homogeneity tests proved no statistical significance between each pair of levels of depression and cognitive 
impairment at each pair of points in time. The data are presented as numbers and percent. 
Abbreviations: MMSE, Mini-Mental State Examination; MDI, Major Depressive Inventory.
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Figure 3 A scatter plot diagram comparing the preoperative, 6-months postoperative, and 12-months postoperative values of serum chromium after MOP hip implant 
surgery.

Figure 2 A scatter plot diagram comparing the preoperative, 6-months postoperative, and 12-months postoperative values of serum cobalt after MOP hip implant surgery.
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postoperative when compared to preoperative levels (p < 0.001), while at 12 months postoperative the levels were 
significantly higher from the preoperative level (p < 0.001) and significantly lower than 6 months postoperative levels 
(p < 0.001). Age and sex proved insignificant when added to the repeated measure ANOVA as between-group variable 
(Sex) or covariate (Age).

The preoperative, 6-months postoperative, and 12-months postoperative mean values and standard deviation of the 
comet assay parameter percent of DNA in the tail (tail DNA %) are 0.84±0.15, 0.91±0.16, and 0.93±0.16, respectively, 
with a non-significant difference (p = 0.204). The values of tail length at the three points of measurement are 0.95±0.09, 
0.98±0.17, and 0.99±0.17, respectively, with also non-significant differences (p = 0.416). Moreover, the values of the tail 
moment at the three points of measurement are 0.78±0.15, 0.83±0.15, and 0.88±0.19 with a non-significant difference 
(p = 0.151).

There is a significant difference between preoperative, 6-months postoperative, and 12-months postoperative 8-OHdG 
serum levels. The scatter plot chart (Figure 4) shows elevation in 8-OHdG levels 6 months postoperative compared to 
preoperative values (p < 0.001), while the 12 months postoperative level is significantly lower than 6 months post-
operative (p < 0.001) but still significantly higher than preoperative values (p < 0.001).

As shown in Figure 5, there is a strong positive correlation between the values of serum 8-OHdG and the serum cobalt 
level both at 6-months postoperative (r = 0.888, p < 0.001) and also at 12 months postoperative (r = 0.875, p < 0.001).

Discussion
Total hip arthroplasty is one of the commonest and growing surgical procedures performed all over the world. Little is 
known about the effects of MOP hip arthroplasty on the psychological state of the patients and whether any resultant 
psychological disorder is related to the Co/Cr levels in patient blood or any genotoxic potential. The current work shows 
a significant increase in the cobalt and chromium level 6 months postoperative when compared to preoperative levels, 
while at 12 months postoperative the levels were significantly higher than the control and significantly lower than 6 
months postoperative levels. Although in the wear simulator studies MoP bearings have up to 100 times more wear than 
MOM,58 there is a controversy in the clinical studies reporting serum, urine, and erythrocyte cobalt and chromium levels 

Figure 4 A scatter plot diagram comparing the preoperative, 6-months postoperative, and 12-months postoperative values of serum 8-OHdG after MOP Hip implant 
surgery.
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after MoP THA. Savarino et al59 reported a significant increase in Co and Cr levels up to 18–36 months postoperative 
compared to preoperative. MacDonald et al60 also reported a 1.5-fold increase in blood cobalt and a 2.2-fold increase in 
blood chromium from pre-postoperative values. On the contrary, Briggs et al33 showed a non-significant difference 
between pre- and postoperative cobalt and chromium levels in MOP patients at 1, 2, and 5 years post-operative. Heisel 
et al36 reported that serum chromium and cobalt levels of the patients with total hip resurfacing arthroplasty continuously 

Figure 5 Pearson’s correlation between serum cobalt level (horizontal axis) and serum 8-OHdG level (vertical axis) at 6-months postoperative and at 12-months 
postoperative.
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increased during the first six months with an insignificant decrease thereafter. However, Back et al61 and Yang et al62 

reported an initial increase in ion levels to a peak level at 6 months, followed by a gradual decline. This can be explained 
by the more rapid wear initial conditioning phase or running-in which is followed by a lower steady-state wear rate.63 

The Co levels detected in the blood of the included patients in the current work are even higher than the normal blood 
levels in occupationally exposed persons considered by the Department of Occupational and Environmental Medicine at 
O¨rebro University Hospital, Sweden.64 The cobalt and chromium ions are released as a result of two mechanisms: 
friction between the articulating surfaces producing many nano-sized wear particles and metal surface corrosion.65 Many 
factors may negatively impact this wear process and increase the metal ion release or lead to higher metal ion levels as 
suboptimal surgical positioning of the implant,66 impaired renal function and bilateral hip replacement,67 and mixing 
components from different manufacturers or different types.68 The current work showed that age does not correlate to the 
blood ions levels in accordance with Pozzuoli et al.15 In addition, the ion levels showed a non-significant difference 
between males and females in contrast to Delaunay et al69 who reported that female sex seems to be significantly 
associated with higher circulating metal ions secondary to variations in the metabolism of metal ions. The variability 
between this study and the current work can be related to the difference in the type of implant.

There was a non-significant difference in the preoperative, 6-months postoperative, and 12-months postoperative MDI 
scores and a non-significant difference between each pair of comparison by marginal homogeneity test. However, 
depressive disorders were reported in 22.2% of patients included in the study at 6-months postoperative, while the 
percentage of patients with depressive disorders decreased to 14.8% at 12-months postoperative. Running in parallel, 
Lassalle et al70 reported that MOP arthroplasty has more psychiatric comorbidities (14.8%) when compared to other 
implant types. Although Nguyen et al71 and Cristancho et al72 correlate the depressive symptoms and mental health of the 
patient to the pain and implant function, the current work raises the concern for the occurrence of depressive symptoms 
in patients reporting no pain and having a well-functioning prosthesis. In addition, there was a non-significant difference 
in the preoperative, 6-months postoperative, and 12-months postoperative MMSE score and a non-significant difference 
between each pair of comparison by marginal homogeneity test. The current work showed the development of cognitive 
impairment in 18.5% of patients at 6-months postoperative. However, this percentage decreased to 14.8% at the second 
postoperative visit. Repeated measure analysis removed any confounding effect as education, social class, and residence 
as the individual was assumed as a control for himself. However, the small sample size made the use of complex models, 
eg, to test the effect of social status on the relationship between time and the dependent variables, unreliable. Krenk 
et al73 reported cognitive dysfunction in 18.9% of patients undergoing fast-track hip and knee replacement at one week 
postoperative and in 10.8% at 3-months postoperative. Previous studies investigating neurological findings due to Co 
released from prostheses included case series focused on the clinical findings of memory loss, diminished executive 
function, tremors, hearing and vision loss, depression, and emotional instability.74–77 Effects on the nervous system 
particularly memory loss, neuropathies, and a decreased visual acuity have also been reported following occupational Co 
exposure.78,79 Previously, studies documented that cobalt can pass the blood-brain barrier and become deposited in the 
brain,80 causing brain cell apoptosis mediated by the α subunit of the hypoxia-inducible factor-1 pathway.81,82 Bridges 
et al83 investigated 123 patients with symptomatic arthroprosthetic elevated cobalt levels using F-18 FDG PET brain 
imaging and they detected brain regions of hypometabolism including temporal, frontal, Broca’s areas, anterior cingulate, 
parietal, posterior cingulate, visual, sensorimotor, thalamic, and caudate area in descending order.

The current work proved a significant elevation in 8-OHdG levels 6 months postoperative, while the 12 months 
postoperative level was significantly lower than 6 months postoperative but still significantly higher than preoperative 
values. 8-Hydroxydeoxyguanosine (8-OHdG) is an oxidized form of deoxyguanosine nucleoside; it is one of the major 
ROS-induced oxidative lesions in the DNA structure and is considered a critical biomarker of oxidative nuclear and 
mitochondrial DNA damage.84 The levels were positively correlated to the cobalt level both at 6 and 12 months 
postoperative. In vitro studies have suggested that there are two chief mechanisms implicated in the genotoxic potential 
of Co including the generation of reactive oxygen species (ROS) and the inhibition of DNA repair mechanisms.85 Base 
excision repair (BER) is the primary pathway involved in DNA repair. The 8-oxoguanine DNA glycosylase (OGG1) is 
the DNA repair enzyme involved in the BER. OGG1 recognizes and excises ROS-induced DNA lesions such as 
8-hydroxy-2-deoxyguanosine (8-OHdG). Pilger et al86 measured 8-OHdG in the urine of patients with THA and reported 
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no significant correlation to the concentrations of metals. However, according to Wang et al,87 the plasma 8-OHdG is 
more sensitive than urinary 8-OHdG to detect increased oxidative damages induced by risk factors.

Although there was biochemical evidence of oxidative DNA injury, there were no evident structural changes in the 
DNA of peripheral blood cells. There was no significant difference between mean values of comet assay parameters (tail 
length, tail DNA% and tail moment mean) preoperative, 6 months postoperative, and 12 months postoperative. This can 
be explained by either that the part of DNA being oxidized is below the limit needed to induce an evident structural 
change or that the DNA repair system is not completely inhibited by the elevated ions and is still capable for repairing the 
oxidative DNA damage. Revising the literature for the genotoxic effects following hip arthroplasty revealed 
a controversy; Christian et al88 reported that DNA effects would be highly unlikely to occur as a result of wear debris 
from a CoCr implant. On the other hand, Briggs et al33 reported a significant increase in the chromosomal aberration 
indices following both MOM and MOP hip arthroplasty. The United Kingdom Government’s Committee on 
Mutagenicity of Chemicals in Food, Consumer Products, and the Environment stated that some MOP implants can 
induce genetic damage.89 The variability in the genotoxic potential can be related to many factors such as the type of the 
implant, duration of the implantation, levels of the metal ions released, whether the implant is well functioning or failed 
and needs revision surgery or interaction between these factors. Although this work added to the current knowledge 
regarding the understanding of the psychological disorders and genotoxicity after MOP hip arthroplasty and their 
correlation to cobalt and chromium levels, there were some limitations including the small number of patients and the 
relatively short follow-up period.

Conclusion
The current work was addressing the psychiatric disorders and genotoxicity after primary MOP hip arthroplasty and 
evaluated their possible correlation to cobalt and chromium levels. The study revealed that even well-functioning MOP 
hip implants can induce increased ion levels and positively correlated increase in biochemical markers of genotoxicity 
(8-OHdG) indicating the need for regular patient follow-up; however, the change in the scores of cognitive impairment 
and depression was not significant and they were not correlated to the ion levels.
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