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Abstract  

Objective: Dynamic thiol/disulfide homeostasis plays a pivotal role in many physiologic mechanisms. In the 

present study, we aimed to elucidate the relationship between postoperative pain and thiol/disulfide 

homeostasis in patients who underwent primary total knee arthroplasty for primary knee osteoarthritis. 

Methods: This prospective uncontrolled study included 28 patients (10 male, 18 female) with a diagnosis of 

primary gonarthrosis who underwent primary total knee arthroplasty and met the study inclusion criteria. 

Venous blood samples were taken from the patients and pain values were recorded simultaneously using the 

visual analog scale (VAS) preoperatively and at the 4th postoperative week. Thiol/disulfide hemostasis levels 

were measured using a new fully-automated and spectrophotometric method developed by Erel and 

Neselioglu. 

Results: The average age of the patients participating in the study was 66.25 ± 8.29 years and 18 (64.3%) of 

the patients were female. B values for preoperative native/total thiol (+7,652), preoperative disulfide/native 

thiol (+10,550), and postoperative total thiol (+128), positively affected the difference in VAS values. B 

values for preoperative disulfide (-219), postoperative disulfide (-1,297), postoperative native/total thiol (-

4,238), and postoperative disulfide/native thiol (-3,316) negatively affected the difference in VAS values. 

Conclusion: The disulfide level, an oxidized form in thiol/disulfide homeostasis, appears to be a valuable 

marker for evaluating the effect of oxidative stress on postoperative pain. 
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Introduction  

Osteoarthritis (OA), the most well-known form of 

arthritis, is defined by degeneration of the articular 

cartilage. As life expectancy has increased, OA has 

become a common disease in the elderly. Oxidative 

stress, described as an imbalance between increased 

free radical load and cellular clearance mechanisms is 

an important part of OA pathogenesis (Ziskoven et 

al., 2010).  

Total knee arthroplasty (TKA) is a surgical 

procedure applied to patients with severe knee OA to 

obtain a painless functional joint and increase their 
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quality of life. Pain that occurs after TKA is a major 

concern for patients and may directly affect 

functional results. It has been shown that oxidative 

stress may lead to hyperalgesia by causing peripheral 

sensitization and inflammation (Nashed, Balenko, & 

Singh, 2014; Ergonenc & Beyaz, 2019). 

Thiols, organic molecules including sulfhydryl 

groups, are the basis of the oxidant/antioxidant 

balance in the body. When thiols (the reduced state) 

undergoes an oxidative reaction, they turn into 

disulfide groups (the oxidized state). Disulfide groups 

can be degraded back to thiol groups increasing thiol 

reserves. Dynamic thiol/disulfide homeostasis is 

provided because of these reactions at the cellular 

level. Dynamic thiol/disulfide homeostasis plays an 

essential role in antioxidant guard, detoxification, cell 

signaling and transcription, apoptosis, and regulation 

of enzymatic activity. Studies have revealed that in 

thiol/disulfide homeostasis, an increase in the balance 

towards thiols leads to proliferation, while an increase 

towards disulfides leads to apoptosis (Nar & Calis, 

2018). Disulfide levels were found to be higher in 

patients with degenerative states such as smoking, 

diabetes, obesity, and OA, and lower in patients with 

proliferative conditions such as multiple myeloma 

and cancers. Erel and Neselioglu described a new 

method to determine dynamic thiol/disulfide 

homeostasis which allowed them to evaluate native 

and total thiol concentrations simultaneously. The 

oxidant-antioxidant balance can be assessed together 

with disulfide parameters calculated handling native 

thiol and total thiol levels (Erel & Neselioglu, 2014). 

In the current study, we proposed to elucidate the 

correlation between postoperative pain and 

thiol/disulfide homeostasis in patients who 

underwent primary TKA for primary knee OA. There 

is no previous study investigating the relationship 

between pain and thiol/disulfide homeostasis after 

TKA. 

 

Methods 

 

Study design 

This prospective cohort study was carried out with 

the approval of the Ahi Evran University Clinical 

Research Ethics Committee (2019-05/61). This study 

was supported by the Kırsehir Ahi Evran University 

Scientific Research Project Unit (TIP.A4.19.002) and 

prepared in accordance with the Helsinki Declaration 

of Principles. This study has not been presented as a 

poster or oral presentation previously. 

The present study included 28 patients (10 males, 

18 females) with a diagnosis of primary gonarthrosis 

who underwent primary TKA between April 2019 

and March 2020 at the Kırsehir Ahi Evran University 

Medical Faculty Orthopedics and Traumatology 

Clinic and met the inclusion criteria. Patients with 

comorbidities such as diabetes mellitus, 

cardiovascular disease, acute or chronic renal failure, 

hyperlipidemia, depression, chronic lung disease, 

inflammatory disease, malignancy, or infection were 

not included in the study. In addition, individuals 

using any medication (steroidal or non-steroidal anti-

inflammatory drugs, antioxidants, vitamin 

supplements) during the 4 weeks before venous blood 

sampling were also excluded. Study patients also did 

not smoke or consume alcohol. 

All surgical procedures were performed under 

spinal anesthesia by the same surgeon experienced in 

the field, using the same surgical technique and 

medial parapatellar approach. In all cases, a lower 

extremity pneumatic tourniquet was adjusted to a 

pressure of 300 mmHg during the operation. The 

same brand and type of cemented posterior-stabilized 

primary knee prosthesis (Vanguard Rotating Platform 

High Flex; Biomet, Warsaw, IN, USA) was applied 

for all 28 patients. Patellofemoral surface change was 

not applied, and desensitization was performed 

around the patella with electrocautery. A drainage 

tube was not used in the operation. The same drug 

protocol routinely used after knee arthroplasty in our 

clinic was applied for 5 days (paracetamol 3x1 gr iv, 

cefazolin 3x1 gr iv, tramadol 3x100 mg iv, 

pantoprazole 1x40 mg iv, enoxaparin 1x0.4 ml sc). 

Steroidal or non-steroidal anti-inflammatory drug 

treatment was not used. The patients were mobilized 

by placing full weight at the 24th postoperative hour 

and the same rehabilitation program was applied for 

all patients in the presence of a physiotherapist.  

At 24 hours preoperatively and during the 4th 

postoperative week, after fasting overnight, 3 ml of 

venous blood was taken from the patients and 

transferred to ethylenediaminetetraacetic acid 

(EDTA) containing tubes. The collected samples 

were centrifuged at 4°C and 1500 × g for 10 minutes. 

The plasma samples were kept frozen at -80°C until 

the thiol/disulfide homeostasis analysis tests were 

conducted at which time all samples were thawed and 

analyzed simultaneously.  

The pain values of the patients were recorded 

simultaneously with the preoperative and 

postoperative venous blood samples, using the visual 

analog scale (VAS) scale. VAS is a widely used scale 

for evaluating pain severity. The scale ranges from 0 

to 10, with 0 indicating no pain and a value of 10 

meaning unbearable pain (Karcioglu, Topacoglu, 

Dikme, & Dikme, 2018). 
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Biochemical Analysis 

Thiol/disulfide hemostasis levels were calculated 

using the spectrophotometric method developed by 

Erel and Neselioglu(Erel & Neselioglu, 2014). A 

Shimadzu UV-1800 spectrophotometer with a 

temperature-controlled cuvette holder and Cobas 

c501 automatic analyzer (Roche) were used. 

After defining the native and total thiol levels, the 

disulfide concentration was determined using the 

following formula:  

Disulfide = (total thiol–native thiol)/2 

Disulfide/total thiol (%), disulfide/native thiol 

(%), and native thiol/total thiol (%) ratios were 

calculated using previously determined disulfide, 

native thiol, and total thiol concentrations (Erel, 

2005). 

 

Statistical Analyses 

The skewness and kurtosis values between -3 and 

+3, sufficient for normal distribution and parametric 

methods, were used to evaluate the results of the 

study. The relationship of variables was evaluated 

using t-tests and parametric tests. The interaction 

between dependent (VAS score) and independent 

variables (native thiol, total thiol, disulfide, 

disulfide/native thiol, disulfide/total thiol, native 

thiol/total thiol) was investigated using the multiple 

linear regression method. p <0.05 was noted 

statistically significant. SPSS version 22 for 

Windows (SPSS Inc., Chicago, IL, USA) was used to 

evaluate the results. 

 

Results 

The average age of the patients participating in the 

study was 66.25 ± 8.29 years and 18 (64.3%) of the 

patients were female. All of the 28 cases involved 

TKA performed due to primary OA. No local or 

systemic complications were observed in the patients 

during the postoperative period. No peri-operative 

blood transfusions were required. While the 

preoperative mean C-reactive protein (CRP) value 

was 0.4 ± 0.4, the postoperative 4th week CRP mean 

value increased to 1.4 ± 1.1, which was a statistically 

significant difference between the preoperative and 

postoperative CRP measurements (p <0.05). 

Pre- and postoperative patient VAS, native thiol, 

total thiol, disulfide, disulfide/native thiol, 

disulfide/total thiol, and native thiol/total thiol values 

are given in Table1. The difference between the pre- 

and postoperative VAS measurements is statistically 

significant (p <0.05) (Table 2). Linear regression 

analysis was applied to examine the parameters 

affecting this difference between the pre- and 

postoperative VAS measurements (Table 3). 

According to this analysis method, among the 

independent variables it was found that the rates of 

preoperative native/total thiol, preoperative 

disulfide/native thiol, and postoperative total thiol, 

positively affected the VAS difference (B values: 

+7,652, +10,550, and +128, respectively) whereas 

preoperative disulfide, postoperative disulfide, 

postoperative native/total thiol, and postoperative 

disulfide/native thiol ratios negatively affected the 

difference in VAS scores (B values: -219, -1,297, -

4,238, and -3,316, respectively) (Table 3). In other 

words, lower preoperative disulfide, postoperative 

disulfide values, and postoperative native/total thiol, 

and postoperative disulfide/native thiol ratios 

correlated with lower patient postoperative VAS 

scores
 

Table 1. Pre- and postoperative patient variables 

 Preoperative 

Mean±SD  

Postoperative  

Mean±SD  

VAS 7.6±2.1 3.2±0.9 

Native Thiol (μmol/L) 218.0±53.0 223.6±38.7 

Total Thiol (μmol/L) 261.8±59.5 264.6±40.7 

Disulfide (μmol/L) 21.9±4.6 20.5±5.4 

Disulfide/Native Thiol (%) 10.3±1.8 9.4±2.7 

Disulfide/Total Thiol (%) 8.5±1.3 7.8±1.9 

Native Thiol/Total Thiol (%) 83.0±2.5 84.3±3.9 

 
Table 2. Pre and postoperative VAS scores 

  

Preoperative 

Mean±SD 

Postoperative  

Mean±SD 
p 

VAS 7.6±2.1 3.2±0.9 .000* 

*p<0.05 is considered statistically significant. 
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Table 3. Linear regression analysis of variables  

Dependent Variable  Independent Variable  B p R2  

Pre-op-Post-op VAS Gap 

Pre-op Disulfide -.219 .016* 

.668 

Pre-op Native/Total Thiol (%) 7,652 .006* 

Pre-op Disulfide/Native Thiol (%) 10,550 .006* 

Post-op Total Thiol .128 .029* 

Post-op Disulfide -1,297 .050* 

Post-op Native/Total Thiol (%) -4,238 .042* 

Post-op Disulfide/Native Thiol (%) -3,316 .094 

*p<0.05 is considered statistically significant. 

 

Discussion 

In the present study, it was observed that patients 

with low levels of disulfide, which is an indicator of 

oxidative stress levels, had lower postoperative VAS 

scores; that is, they felt less pain. There are several 

publications in the literature describing the 

pathophysiological connection between oxidative 

stress levels and pain. One study indicated that 

oxidative stress could trigger pain pathways through 

glutamatergic signaling and activation of 

inflammatory reactions, as well as by directly 

affecting nociceptive centers in the brain (Perrone et 

al., 2017). In another study, it was mentioned that 

oxidative stress may cause peripheral sensitization; 

that is, it can change nociception that may cause 

hyperalgesia (Nashed et al., 2014). Therefore, it has 

been recommended that a reduction of oxidative 

stress by antioxidants may reduce peripheral 

inflammation and stimulation of nociceptive 

receptors and alleviate pain. In support of this 

mechanism, Payal et al. (2009) showed that 

antioxidant supplementation reduced oxidative stress 

levels and alleviated pain levels in patients with 

chronic pancreatitis. Bellieni et al. (2009) observed a 

positive correlation between high pain levels and high 

oxidative stress levels in newborns. In another study 

conducted with ankylosing spondylitis patients, it 

was reported that native and total thiol levels 

negatively correlated with Bath Ankylosing 

Spondylitis Disease Activity Index (BASDAI) and 

VAS scores (Dogru et al., 2016). Ayhan Tuzcu et 

al.(Tuzcu et al., 2019) examined thiol/disulfide 

homeostasis in patients with fibromyalgia syndrome 

(FMS) and found that native thiol and native 

thiol/total thiol levels were significantly lower in 

FMS cases compared to healthy individuals; 

however, disulfide levels in FMS patients were 

significantly higher than in healthy individuals. They 

also found a positive correlation between disulfide 

levels and pain and the number of sensitive points 

(Tuzcu et al., 2019). 

In current study, similar to other studies in the 

literature, a significant relationship was found 

between low levels of disulfide and low VAS scores. 

In support of this relationship statistically, the 

preoperative native/total thiol ratio positively 

affected the pre- and postoperative VAS score 

difference. However, contrary to expectations, the 

postoperative native/total thiol ratio negatively 

affected the pre- and postoperative VAS score 

difference. According to the literature, this is not an 

expected result. Similarly, many articles in the 

literature on oxidative stress have shown conflicting 

data. Inanir et al. (Inanır, Sogut, Ayan, & Inanır, 

2013), in their study to evaluate the relationship 

between pain level and oxidative stress levels in 

patients with acute and chronic inflammatory or non-

inflammatory low back pain, observed that there was 

no relationship between oxidative stress levels and 

pain intensity and pain level. 

As in the present study, other authors have 

attempted to set a link between oxidative stress and 

disease pathophysiology. It is hard to evaluate 

oxidative stress and the response of the human body 

to this stress because there is no single biomarker that 

can objectively measure oxidative stress (Grune & 

Berger, 2007). In addition, there is no biomarker 

showing the tissue oxidative stress level in peripheral 

blood (Arsalani-Zadeh, Ullah, Khan, & MacFie, 

2011). It has been shown that oxidative damage can 

appear at the tissue level without a measurable change 

in peripheral blood (Kerkweg et al., 2010). Also, 

blood and tissue biomarkers of oxidative stress may 

not follow the same pattern of change (Arguelles, 

Garcia, Maldonado, Machado, & Ayala, 2004). In the 

current study, we found that the preoperative 

native/total thiol ratio positively affected the pre- and 

postoperative VAS score difference, but contrary to 
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what was expected, the postoperative native/total 

thiol ratio negatively affected the pre- and 

postoperative VAS score difference, which may be 

explained by that situation. In light of the data 

obtained, we think that the disulfide level, an oxidized 

form, is a more valuable marker than postoperative 

native/total thiol ratio in evaluating the effect of 

oxidative stress on postoperative pain. 

Due to the large number of exclusion criteria, the 

low number of patients meeting the inclusion criteria 

is one of the most prominent limitations of the current 

study. Randomized controlled studies with large 

patient populations are required to obtain statistically 

significant data. In addition to the absence of an ideal 

method for measuring oxidative stress, the unknown 

clinical significance of oxidative stress changes can 

be considered as the main limitation of oxidative 

stress measurement studies in general. 

 

Conclusion 

We think that the disulfide level, an oxidized form, 

is a more valuable marker than other independent 

variables evaluating the effect of oxidative stress on 

both postoperative and preoperative pain  
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