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Abstract 

Background Hip or knee osteoarthritis (OA) is one of the main causes of disability worldwide and occurs mostly in 
the older adults. Total hip or knee arthroplasty is the most effective method to treat OA. However, severe postsurgical 
pain leading to a poor prognosis. So, investigating the population genetics and genes related to severe chronic pain 
in older adult patients after lower extremity arthroplasty is helpful to improve the quality of treatment.

Methods We collected blood samples from elderly patients who underwent lower extremity arthroplasty from 
September 2020 to February 2021 at the Drum Tower Hospital Affiliated to Nanjing University Medical School. The 
enrolled patients provided measures of pain intensity using the numerical rating scale on the 90th day after surgery. 
Patients were divided into the case group (Group A) and the control group (Group B) including 10 patients respec‑
tively by the numerical rating scale. DNA was isolated from the blood samples of the two groups for whole‑exome 
sequencing.

Results In total, 661 variants were identified in the 507 gene regions that were significantly different between both 
groups (P < 0.05), including CASP5, RASGEF1A, CYP4B1, etc. These genes are mainly involved in biological processes, 
including cell–cell adhesion, ECM–receptor interaction, metabolism, secretion of bioactive substances, ion binding 
and transport, regulation of DNA methylation, and chromatin assembly.

Conclusions The current study shows some variants within genes are significantly associated with severe postsur‑
gical chronic pain in older adult patients after lower extremity arthroplasty, indicating a genetic predisposition for 
chronic postsurgical pain. The study was registered according to ICMJE guidelines. The trial registration number is 
ChiCTR2000031655 and registration date is April 6th, 2020.
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Introduction
Hip or knee osteoarthritis (OA) is one of the main causes 
of disability worldwide and occurs mostly in the older 
adults. With an aging global population and the increase 
in the incidence of obesity, the incidence of OA is 
expected to further increase [1]. Total hip or knee arthro-
plasty is the most effective method to treat OA; however, 
severe postsurgical pain can hinder patients’ early mobi-
lization and rehabilitation and may also lead to chronic 
pain [22, 55]. Chronic postsurgical pain (CPSP) is defined 
as pain occurring at the incision or surgical area and last-
ing for > 3 months. The prevalence of chronic pain after 
all surgeries is approximately 10%, but can be as high as 
44% after knee arthroplasty and 27% after hip arthro-
plasty. Thus, the problem of chronic pain after lower 
extremity arthroplasty is more significant than that after 
other operations [12, 37].

Previous studies have shown that the development of 
chronic pain has complex genetic characteristics [21]. 
To explore new analgesic molecular targets and develop 
more effective pain management strategies, many studies 
have explored the genetic mechanisms of pain in depth 
from the perspective of single nucleotide polymorphism 
and family genetics [43]. These variants mainly refer to 
the variation of a single nucleotide that causes a DNA 
sequence polymorphism. This is the most common 
genetic variation in the human genome and may change 
amino acid sequences, thus affecting the structure and 
function of proteins, ultimately leading to susceptibility 
to some diseases [44].

Chronic pain after general hip or knee arthroplasty is 
a difficult postsurgical complication that affects patients’ 
surgical satisfaction, recovery, and quality of life. When 
patients with medium to severe pain cannot relieve their 
pain their physical and mental health and daily life are 
severely and negatively impacted. The variation in pain 
between patients suggests that a genetic component is 
involved. However, to date few studies have been con-
ducted on the relationship between lower arthroplasty 
and CPSP. Therefore, the current study sequenced whole 
genome exon variants of older adult patients with severe 
chronic pain after lower extremity arthroplasty. The sus-
ceptibility genes related to CPSP were investigated to 
provide a direction for the development of new clinical 
treatment methods and identify potential susceptibility 
biomarkers for patients with chronic postoperative pain.

Materials and methods
Subjects and groups
Elderly patients who underwent lower extremity arthro-
plasty in Drum Tower Hospital Affiliated to Nanjing Uni-
versity Medical School from September 2020 to March 
2021 were selected and followed up for postoperative 

pain assessment using the numerical rating scale NRS. 
The elderly osteoarthritis patients selected were all 
caused by joint degeneration rather than fractures or 
necrosis caused by other reasons. They were performed 
operations by the same group of doctors and operation 
method. All patients signed informed consent and were 
authorized by the ethics committee of Drum Tower Hos-
pital Affiliated to Nanjing University Medical School 
(Nanjing, China, No. 2019-270-02). Inclusion criteria: 
(1) Age ≥ 65  years old; (2) American Society of Anes-
thesiologists (ASA) classification II–III; (3) Patients 
undergoing lower extremity arthroplasty; (4) Operation 
duration ≥ 60  min; (5) Patients recorded in electronic 
medical record system; (6) Patients agreed to participate 
in the study and signed the informed consent. Exclu-
sion criteria: (1) With gene deficiency disease; (2) Having 
history of opioid abuse; (3) Using drugs that induce or 
inhibit liver isoenzymes (such as carbamazepine, quini-
dine, ketoconazole, etc.) in 4 weeks before operation; (4) 
Combined with peripheral neuropathy and psychiatric 
history, chronic pain and long-term opioid use history; 
(5) With poor body conditions affecting the perioperative 
pain evaluation; (6) Patients can’t cooperate and commu-
nicate with.

The patient’s NRS score being ≥ 4 on the 90th day after 
operation was identified as having severe CPSP. A total 
of 10 patients were judged to have severe CPSP (group 
A). 10 patients hospitalized in the same period without 
chronic postsurgical pain (NRS score = 0 on the 90th day 
after operation) were randomly selected as the control 
group (group B).

Blood sample collection and DNA extraction
5 ml peripheral blood of the patients was collected from 
the artery, then the DNA was extracted using the Mag-
netic Universal Genomic DNA Kit (Tiangen, Beijing, 
China according to the manufacture’s instruction). The 
degree of DNA degradation and the presence of RNA 
and protein contamination were analyzed by agarose gel 
electrophoresis. We used Qubit 3.0 (Life Technologies) 
to accurately quantify DNA concentration. DNA sam-
ples containing more than 0.6 μg were used to build the 
database.

SNV detection
Full exon sequencing (WES 1000  g) was performed by 
Agilent’s liquid chip capture system. Genomic DNA 
extracted from peripheral blood for each sample was 
fragmented to an average size of 180–280  bp and sub-
jected to DNA library creation using established Illu-
mina paired-end protocols. The Agilent SureSelect 
Human All ExonV6 Kit (Agilent Technologies, Santa 
Clara, CA, USA) was used for exome capture according 
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to the manufacturer’s instructions. The Illumina Novaseq 
6000 platform (Illumina Inc., San Diego, CA, USA) was 
utilized for genomic DNA sequencing in Genechem 
Bioinformatics Technology Co., Ltd (Beijing, China) to 
generate 150-bp paired-end reads with a minimum cov-
erage of 10 × for ~ 99% of the genome (mean coverage of 
100 ×). After sequencing, base call files conversion and 
demultiplexing were performed with bcl2fastq software 
(Illumina). The resulting fastq data were submitted to 
in-house quality control software for removing low qual-
ity reads, and then were aligned to the reference human 
genome (hs37d5) using the Burrows-Wheeler Aligner 
(bwa), and duplicate reads were marked using Sambamba 
tools. ANNOVAR software was used to annotate the 
variants.

Filtering of rare variants was performed as follows: 
(1) variants with a MAF less than 0.01 in 1000 genomic 
data (1000g_all), esp6500siv2_all, gnomAD data (gno-
mAD_ALL and gnomAD_EAS) and in house Genechem-
Zhonghua exome database from Genechem; (2) Only 
SNVs occurring in exons or splice sites (splicing junction 
10  bp) are further analyzed since we are interested in 
amino acid changes. (3) Then synonymous SNVs which 
are not relevant to the amino acid alternation predicted 
by dbscSNV are discarded; The small fragment non-
frameshift (< 10 bp) indel in the repeat region defined by 
RepeatMasker are discarded. (4) Variations are screened 
according to scores of SIFT, Polyphen, MutationTaster 
and CADD software. The potentially deleterious varia-
tions are reserved if the score of more than half of these 
four software support harmfulness of variations. Sites 
(> 2 bp) did not affect alternative splicing were removed.

Statistical analysis
SPSS 22.0 and R software were used for statistical analy-
sis. Normal distribution of continuous data was assessed, 
which conformed to normal distribution was expressed 
as mean ± standard deviation ( x ± SD), while others were 
expressed as M (Q). Categorical data was statistically 
described by frequency. Student’s t-test or Mann Whit-
ney U test was used to compare continuous data of the 
two groups (age, weight, BMI), and categorical data of 
the two groups (gender, hypertension or not, diabetes or 
not) was compared using chi-squared test or Fisher test. 
Binary logistic regression analysis was used to evaluate 
the correlation between each variant loci and the risk 
of chronic pain in patients after lower extremity arthro-
plasty. Level of P values less than 0.05 (two-sided) was 
regarded as statistically significant in all tests. The FDR 
correction method was used to test multiple hypotheses 
on the data, but the sample size was small, so the cor-
rected P value had no reference significance. The cluster 
profiler package of R language was used for gene ontology 

(go) enrichment analysis and Kyoto Encyclopedia of 
genes and genomes (KEGG) pathway enrichment analy-
sis. The significantly different target genes were selected 
for annotation (P < 0.05), to get the terms and pathways of 
relevant genes enriched in.

Results
Comparison of basic clinical characteristics 
between the two groups
As shown in Table 1, there were no significant differences 
between the two groups in terms of sex, age, weight, BMI, 
and physical conditions, indicating that the patients’ basic 
characteristics may not have had an impact on CPSP.

Variant analysis
After filtering all loci for quality control, the correlation 
between 339,767 variants and severe chronic pain in 
patients after lower extremity arthroplasty was analyzed 
using binary logistic regression  (specific analysis  results 
in Additional file 1, the corresponding genes of SNP IDs 
in Additional file  2, the  genotypes  of each individual  in 
Additional file 3). We identified 3426 variants that were 
significantly correlated with the incidence of severe 
chronic pain (P < 0.05). Synonymous variants and variants 
in introns and intergenic regions were removed from fur-
ther analysis as they typically have little impact on func-
tion. Thereafter, 661 variants in 507 genes with potential 
functional impacts remained [13]. The variants in the 10 
most significant exon regions are presented in Table 2.

Gene enrichment analysis
The genes containing significantly associated variants 
were subjected to gene ontology (GO) enrichment. Con-
sidering a significance threshold cutoff of P < 0.05 as 
the screening standard, 98 GO terms were identified as 
enriched, including 36 molecular function and 62 bio-
logical process terms  (Additional file 4). Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway analysis 

Table 1 Basic clinical characteristics of two groups

Group A: no postoperative chronic pain group. Group B: severe postoperative 
chronic pain group

Features Group (n = 10, respectively) P value

A B

Female sex 5 7 0.650

Age (mean ± SE) 72 ± 5 68 ± 4 0.087

Weight (mean ± SE, kg) 75.5 ± 10.8 68.4 ± 6.9 0.099

Body mass index 
(mean ± SE, kg/m2)

29.1 ± 5.1 27.3 ± 2.4 0.314

Hypertension 5 7 0.650

Diabetes 1 3 0.582
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revealed that the significant genes were mainly concen-
trated in 19 pathways. The top 10 terms and pathways 
from each analysis were selected for visual representation 
(Fig. 1). As shown in Fig. 1, susceptibility genes are mostly 
related to cell–cell adhesion, ECM–receptor interaction, 
metabolism and secretion of bioactive substances, ion 

binding and transport, regulation of DNA methylation, 
chromatin assembly, focal adhesion, and PI3K-Akt.

Discussion
In the current study, we identified 661 variants in 507 
genes associated with CPSP. These results were obtained 
after bioinformatics analysis and require further 

Table 2 SNV characteristics of the 20 most significant exon regions

Binary logistic regression analysis was used to evaluate the correlation between each SNP loci and the risk of chronic pain in patients after lower extremity 
arthroplasty. P < 0.05 was regarded as statistically significant

CHROM POS ID GeneName P value Xsquared REF ALT Func

1 47282772 rs2297809 CYP4B1 0.001041944 13.73333333 C T Exonic

1 47280884 rs4646491 CYP4B1 0.001041944 13.73333333 C T Exonic

5 131607588 rs4877 PDLIM4 0.001272634 13.33333333 G T Exonic

2 107073501 rs62152530 RGPD3 0.001398075 10.20833333 C T Exonic

5 56177743 rs832582 MAP3K1 0.001525071 12.97142857 G A Exonic

14 57099859 rs1041316 TMEM260 0.001625041 12.84444444 G A Exonic

19 1827565 rs10415018 REXO1 0.001625041 12.84444444 A G Exonic

2 20824498 rs2305458 HS1BP3 0.001625041 12.84444444 C T Exonic

19 1819125 rs2396359 REXO1 0.003027555 11.6 T C Exonic

19 1811603 rs7250872 ATP8B3 0.003027555 11.6 C T Exonic

19 48198675 rs13346368 BICRA 0.003255945 11.45454545 A G Exonic

1 11014118 rs45537241 C1orf127 0.003255945 11.45454545 C T Exonic

1 11015165 rs75130475 C1orf127 0.003255945 11.45454545 A G Exonic

1 92327045 rs1805110 TGFBR3 0.003565811 0.003565811 G A Exonic

21 39671476 rs2230033 KCNJ15 0.003565811 0.003565811 G A Exonic

3 36897812 rs11712950 TRANK1 0.00386592 0.00386592 T C Exonic

14 21511497 rs1243469 RNASE7 0.004086771 0.004086771 C T Exonic

14 21511458 rs1243469 RNASE7 0.004086771 0.004086771 G C Exonic

11 104877927 rs507879 CASP5 0.004086771 0.004086771 T C Exonic

4 103611845 rs227368 MANBA 0.004185243 0.004185243 C T Exonic

Fig. 1 GO and KEGG enrichment analysis. A The top 10 categories of GO pathway enrichment analysis. P values on the − log10 scale are shown. B 
The top 10 categories of KEGG pathway enrichment analysis. P values on the − log10 scale are shown
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functional validation. These genes are associated with 
numerous functions; however, many are related to neuro-
inflammation, cognitive function, nervous system devel-
opment, and key metabolic enzymatic activities.

Identified genes of interest
Caspase 5 gene (CASP5), which encodes for a proinflam-
matory caspase related to inflammasome formation, was 
significantly associated with CPSP. Recently, Islam et al. 
found that blood CASP5 levels were markedly increased 
in patients with neuropathic pain, suggesting that inflam-
mation is involved in the occurrence and development 
of neuropathic pain [20], which is consistent with the 
results of our study. The number of CASP5 variants in the 
patients with severe CPSP was significantly higher than 
that in the control group. According to other studies, the 
upregulation of CASP5 can promote the progress of OA 
and increase the sensory input to the central nervous sys-
tem, thus aggravating pain [2]. Thus, it can be reasonably 
inferred that the CASP5 variants in patients with OA may 
lead to increased CASP5 expression levels after arthro-
plasty, which subsequently increases the risk of severe 
CPSP. CASP1 of the caspase family was also significantly 
related to CPSP in our study. Some studies have shown 
that NLRP3-CASP1 mediates the promotion of microglia 
in neuroinflammation. However, whether it regulates the 
occurrence or development of pain remains to be further 
verified [48].

Acid-sensitive ion channel 1 gene (ASIC1), which is 
widely expressed in the nervous system, was also signifi-
cantly associated with CPSP. ASIC1 is a proton-gated cat-
ion channel that is activated by extracellular acidification. 
It has been reported that MiR-485-5p is involved in the 
development of OA and that reducing the expression of 
MiR-485-5p can cause inflammatory pain by upregulat-
ing ASIC1expression. Therefore, MiR-485-5p/ASIC1 may 
be a potential target for the treatment of inflammatory 
pain in patients with OA [45, 51]. Furthermore, ASIC1 
is also expressed in microglia. In inflammation, ASIC1 
promotes microglia migration and releases inflammatory 
cytokines, such as NOS and COX-2; this indicates that 
ASIC1 is involved in neuroinflammatory response [53]. 
In our study, the ASIC1 variant was observed in the con-
trol group. It can be speculated that this variant interferes 
with the correct transformation of ASIC1 into a protein 
with normal physiological function, thus reducing the 
risk of CPSP in the control group. The above hypoth-
esis can be evaluated through further functional verifica-
tion. These findings suggest that blocking ASIC1 may be 
a powerful method for the prevention and treatment of 
chronic pain after lower extremity arthroplasty.

Another significantly associated gene, A disintegrin and 
metalloproteinase 12 (ADAM12), is expressed in T cells 

in the brain. As a costimulatory molecule for T-helper 1 
cell activation, ADAM12 mediates tissue inflammation 
and may play a role in the formation and development of 
pain. The polymorphism of ADAM12 has also been sig-
nificantly associated with knee OA [29, 34]. Many of the 
genes significantly correlated with CPSP in this study are 
associated with the pathogenesis of arthritis, including 
BCAP29, IDO2, IGFBP1, TLR10, and TNC. How these 
genes regulate and affect chronic pain after arthroplasty 
requires further exploration [8, 17, 25, 38, 54].

ALOXE3 encodes epidermal lipoxygenase-3 (eLOX3) 
and is expressed in the spinal cord. A study demonstrated 
that peripheral inflammation significantly increases the 
level of eLOX3 in the spinal cord and the metabolites of 
eLOX3. These metabolites promote inflammatory pain 
via inflammatory cytokines [15].

PLCE1 encodes phospholipase C ϵ-1, which can stim-
ulate the expression of many inflammatory cytokines, 
including TNF-α, IL-4, and IFN-γ. It can also activate the 
NF-κB signaling pathway to promote inflammation and 
may play an important role in inflammatory pain [27]. 
The above genes are closely related to inflammation, indi-
cating that the formation of CPSP may be attributed to 
uncontrolled local inflammation. Therefore, adequate 
perioperative anti-inflammatory and analgesic therapy 
may help reduce the risk of CPSP.

CPSP is usually multifactorial and is associated with 
not only postoperative inflammation but also neuro-
pathic factors, such as peripheral nerve injury, and pain 
regulation disorder in the central nervous system during 
operation [41]. AKAP12/SSeCKS is a substrate of pro-
tein kinase C, which is upregulated when neurons are 
injured. It is involved in the regulation of astrocyte acti-
vation through the SSeCKS–ERK pathway and aggravat-
ing neuropathic pain [28]. MZF1 encodes for a myeloid 
zinc-finger transcription factor that regulates the tran-
scription process of related proteins. Many studies have 
shown that MZF1 plays an important role in neuropathic 
pain. MZF1 can regulate the expression of voltage-gated 
 K+ channel and TRPV1 genes, thus enhancing the excit-
ability of dorsal root ganglion (DRG) neurons, thereby 
strengthening the transmission of pain signals and pro-
moting the development of neuropathic pain [24, 50, 
56]. ZNF382 encodes for zinc-finger protein 382, which 
is a transcription factor highly expressed in the nerv-
ous system. ZNF382 is persistently downregulated in 
injured DRG neurons, losing its binding to the silencer 
upstream of the Cxcl13 promoter, which promotes the 
transcription of Cxcl13. This eventually contributes to 
the development and maintenance of neuropathic pain 
[35]. These genes may promote neuropathic pain by regu-
lating the function of key cells or the expression level of 
key molecules in the nervous system. The susceptibility 
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genes identified in this paper have been previously asso-
ciated with pain. The mechanisms through which these 
genes regulate pain indicate that the underlying mecha-
nism of chronic pain after arthroplasty is complex and 
multifactorial.

Combined with the above-related factors leading to 
CPSP, TET1 from the current study is of particular inter-
est. The TET enzyme encoded by TET1 is essential for 
brain function. TET1 participates in the regulation of 
DNA demethylation, gene expression, synaptic trans-
mission, and memory formation. Its mutation is related 
to human cognitive dysfunction. After injury, TET1 is 
upregulated so that DNA demethylation at the CpG 
site of BDNF and mGluR5 promoters is mediated by 
the TET1 increase, which increases the transcription 
of BDNF and mGluR5 and promotes the development 
of abnormal neuropathic pain. TET1 also regulates the 
function of astrocytes through  Ca2+ signaling, thus 
affecting neuronal development and cognitive function 
[14, 18, 19, 52]. Moreover, TET enzyme participates in 
the development and repair of the nervous system as well 
as the occurrence and development of neuropathic pain; 
this may be a powerful therapeutic target for chronic 
pain.

Although many of our findings are not specifically 
associated with pain, these genes are involved in the 
development of the nervous system or the repair process 
after injury, which is likely to play a role in neuropathic 
pain. For example, DCC, which encodes the DCC recep-
tor, is highly expressed in dopamine cells and interacts 
with Netrin-1, which plays an important role in regulat-
ing synaptic development. Its polymorphism is closely 
related to the susceptibility to emotional disorders, psy-
chosis, and addiction [47]. Similar to our results, poly-
morphism of DCC showed a significant correlation with 
chronic pain in another study, further supporting the 
correlation between nervous system development and 
pain [21]. Similarly, the nebulin family member LASP1 
plays an important role in formation and maintenance 
of synaptic in the hippocampus in rats [40]. Genetic 
variants and the expression level of LASP1 have also 
been associated with many neurological diseases, such 
as schizophrenia, autism, and bipolar disorder [11]. In 
patients with chronic pain, the expression of these genes 
is upregulated, indicating a potential association between 
mood and pain. Additionally, AP1S1 encodes an adaptor 
protein complex that is related to synaptophysin and the 
vesicular acetylcholine transporter, which is very impor-
tant for spinal cord development; Slitrk2 mediates excita-
tory synapse formation and transmission; and GPR50 
encodes the G protein coupled receptor 50 that is associ-
ated with synaptic plasticity [16, 26, 39]. CLIP3 regulates 
astrocyte proliferation and myelination and participates 

in regeneration after nerve injury [4, 7]. In patients with 
CPSP, variants in these susceptibility genes may indicate 
that the patients are more likely to develop an intraop-
erative nerve injury. These patients may have difficulty 
repairing the injured neurons or remodeling synapses 
after injury because of related gene mutations, resulting 
in severe chronic pain.

Polymorphisms not only affect patients’ sensitivity to 
pain, but also the large variation in individual efficacy 
of analgesic drugs. Some genes may encode for the key 
metabolic enzyme for these drugs. Variants in these 
genes alter enzyme activity, preventing drug metabo-
lism or transformation into active forms in the body, 
leading to great differences in the demand for analgesic 
drugs in different patients. For example, AMACR , encod-
ing α-methylacyl-CoA racemase, catalyzes key steps in 
ibuprofen metabolism [30], while AOX1 encodes xan-
thine dehydrogenase, which metabolizes aza- and oxo-
heterocycles representing the scaffold of many drugs 
like morphine and fentanyl [10] and CYP1A1 encodes 
cytochrome oxidase and participates in steroid catabo-
lism [46]. In addition to exogenous drugs, some active 
molecules in the human body also have analgesic effects, 
such as endogenous palmitoylethanolamide (PEA), which 
reduces pain by activating PPAR-α. The NAAA  encodes 
for the hydrolase of PEA, and variants in NAAA  may 
affect the level of PEA, thus affecting the activation of 
corresponding receptors, causing the biological transfor-
mation from acute pain to chronic pain [9].

Correlation between enrichment analysis results and pain
As mentioned in the results, the enrichment analysis 
found many pathways, molecular functions, and biologi-
cal processes associated with CPSP. The most significant 
findings are discussed in this study. Cell adhesion mol-
ecules mediate the migration of leukocytes to the injured 
tissues and the release of opioids locally (mainly opioids 
β-endorphins), which produce an analgesic effect, and 
block adhesion molecules [36]. Other studies have shown 
that the serum level of soluble intercellular adhesion 
molecule-1 (sICAM-1) is significantly correlated with the 
pain intensity of patients, suggesting that sICAM-1 can 
be used as a biomarker of pain intensity [33]. The cGMP 
signaling pathway plays an important role in the process-
ing of pain by sensory neurons and dorsal horn neurons 
[42]. Phosphatidylinositol bisphosphate (PIP2) is located 
at the key convergence point of multiple receptors, ion 
channels, and signal pathways that promote chronic pain. 
Downregulating PIP2 in neurons can weaken receptor 
signals, which is a potential new method for the treat-
ment of pain [31]. In OA, the degradation of chondro-
cytes affects the synthesis and secretion of ECM and the 
degradation of ECM further damages the chondrocytes. 
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Chondrocytes release various proinflammatory cytokines 
that stimulate inflammation, such as IL-1, IL-6, IL-17, 
TNF-α, and PGE2, which not only induce pain but also 
stimulate chondrocytes to secrete protease, thus hydro-
lyzing ECM and aggravating OA symptoms [23]. The 
stimulation and destruction of chondrocytes also occurs 
in the process of arthroplasty. Surgery intensifies inflam-
mation of the operated joint, resulting in severe acute 
pain. What’s more, the aseptic loosening after arthro-
plasty also could be a factor of CPSP, which related to 
aseptic periprosthetic osteolysis. Maffulli et al. [6] found 
that individual susceptibility to aseptic loosening has a 
genetic susceptibility component in this condition, which 
include contributions by many polymorphisms, and 
genes encoding for proinflammatory cytokines. Inter-
vention of the ECM–receptor interaction may become a 
therapeutic target to reduce acute postsurgical pain and 
reduce the transformation of acute pain to CPSP. PI3K 
and its downstream Akt are widely expressed in the spi-
nal cord, especially in the lamina I–IV of the dorsal horn, 
where the primary afferent nerve fibers mostly terminate. 
At present, many studies have confirmed that the PI3K/
Akt pathway plays a key role in the development and 
maintenance of chronic pain [3]. Our study suggested 
that the PI3K/Akt pathway also plays a role in chronic 
pain after arthroplasty and may become a powerful ther-
apeutic target.

Conclusions and limitations
Pain after total hip or knee arthroplasty has always been 
of clinical concern as it greatly decreases the quality of 
life of the patients and increases the consumption of fam-
ily and social resources. At present, clinicians mostly 
use multimode analgesia, combining nerve blocks and a 
variety of analgesic drugs to reduce pain. However, the 
prevalence of CPSP remains high [5, 32, 49]. With the 
continued exploration of mechanisms of pain, the roles of 
genetic factors in pain have garnered more attention. This 
study analyzed the whole genome exon variants of older 
adult patients undergoing lower extremity arthroplasty, 
mining the variants and clustering the genes associated 
with severe CPSP. This study has certain limitations, 
including a small sample size, use of a single statistical 
method, and no functional verification. In subsequent 
work, functional validations of these genes will be per-
formed. The validation of CASP5, ASIC1, and ADAM12 
are of particular interest as these nervous system genes 
are closely related to chronic pain and immunity in 
patients who undergo hip and knee arthroplasty. Reduc-
tion of the occurrence or degree of postoperative chronic 
pain by regulating these genes would greatly improve the 
therapeutic effect and the quality of life of older adult 
patients after lower extremity arthroplasty. Furthermore, 

the study may provide a basis and reference for further 
research on CPSP and gene susceptibility. Additionally, 
certain biomarkers can be explored and new intervention 
targets predicted to identify high-risk patients with CPSP.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13018‑ 023‑ 03683‑y.

Additional file 1. S1. General table of groupAB SNP.

Additional file 2. S2. IDs of SNP.

Additional file 3. S3. Genotypes of each individual.

Additional file 4. S4. Metascape result.

Author contributions
Conceived and the study: ZM, YH, YS, YL. Data collection: YJ, ST, BH. Data 
analysis: RX, WW, WZ. Manuscript preparation: RX, YJ, YH. All authors read and 
approved the final version.

Funding
This study was supported by grants from the National Key R&D Program of 
China (No. 2018YFC2001800) and National Natural Science Foundation of 
China (No. 81971044).

Availability of data and materials
Raw data is available containing variant ID numbers and locations, genotypes 
for each individual, and gene expression data. You can contact us to get data 
if you need.

Declarations

Ethics approval and consent to participate
All patients signed informed consent and were authorized by the ethics com‑
mittee of Drum Tower Hospital Affiliated to Nanjing University Medical School 
(Nanjing, China, No. 2019‑270‑02). The study was registered according to 
ICMJE guidelines (the trial registration number: ChiCTR2000031655; registra‑
tion date: April 6th, 2020).

Competing interests
The authors have no conflicts of interest to declare.

Author details
1 Department of Anesthesiology, Affiliated Drum Tower Hospital, Medical 
School, Nanjing University, No. 321 of Zhongshan Road, Nanjing 210008, 
China. 2 Department of Anesthesiology, Nanjing Drum Tower Hospital Clinical 
College of Nanjing Medical University, Nanjing 210008, China. 

Received: 26 January 2023   Accepted: 6 March 2023

References
 1. Abdelaal MS, Restrepo C, Sharkey PF. Global perspectives on arthroplasty 

of hip and knee joints. Orthop Clin N Am. 2020;51(2):169–76. https:// doi. 
org/ 10. 1016/j. ocl. 2019. 11. 003.

 2. An S, Hu H, Li Y, Hu Y. Pyroptosis plays a role in osteoarthritis. Aging Dis. 
2020;11(5):1146–57. https:// doi. org/ 10. 14336/ AD. 2019. 1127.

 3. Chen SP, Zhou YQ, Liu DQ, Zhang W, Manyande A, Guan XH, et al. PI3K/
Akt pathway: a potential therapeutic target for chronic pain. Curr Pharm 
Des. 2017;23(12):1860–8. https:// doi. org/ 10. 2174/ 13816 12823 66617 
02101 50147.

 4. Chen X, Chen C, Hao J, Zhang J, Zhang F. Effect of CLIP3 upregula‑
tion on astrocyte proliferation and subsequent glial scar formation 

https://doi.org/10.1186/s13018-023-03683-y
https://doi.org/10.1186/s13018-023-03683-y
https://doi.org/10.1016/j.ocl.2019.11.003
https://doi.org/10.1016/j.ocl.2019.11.003
https://doi.org/10.14336/AD.2019.1127
https://doi.org/10.2174/1381612823666170210150147
https://doi.org/10.2174/1381612823666170210150147


Page 8 of 9Xu et al. Journal of Orthopaedic Surgery and Research          (2023) 18:184 

in the rat spinal cord via STAT3 pathway after injury. J Mol Neurosci. 
2018;64(1):117–28. https:// doi. org/ 10. 1007/ s12031‑ 017‑ 0998‑6.

 5. De Luca ML, Ciccarello M, Martorana M, Infantino D, Letizia Mauro G, Bon‑
arelli S, et al. Pain monitoring and management in a rehabilitation setting 
after total joint replacement. Medicine (Baltimore). 2018;97(40):e12484. 
https:// doi. org/ 10. 1097/ MD. 00000 00000 012484.

 6. Del Buono A, Denaro V, Maffulli N. Genetic susceptibility to aseptic loos‑
ening following total hip arthroplasty: a systematic review. Br Med Bull. 
2012;101:39–55. https:// doi. org/ 10. 1093/ bmb/ ldr011.

 7. Deng X, Wei H, Lou D, Sun B, Chen H, Zhang Y, et al. Changes in 
CLIP3 expression after sciatic nerve injury in adult rats. J Mol Histol. 
2012;43(6):669–79. https:// doi. org/ 10. 1007/ s10735‑ 012‑ 9450‑y.

 8. Evangelou E, Valdes AM, Kerkhof HJ, Styrkarsdottir U, Zhu Y, Meulenbelt 
I, et al. Meta‑analysis of genome‑wide association studies confirms a 
susceptibility locus for knee osteoarthritis on chromosome 7q22. Ann 
Rheum Dis. 2011;70(2):349–55. https:// doi. org/ 10. 1136/ ard. 2010. 132787.

 9. Fotio Y, Jung KM, Palese F, Obenaus A, Tagne AM, Lin L, et al. NAAA‑regu‑
lated lipid signaling governs the transition from acute to chronic pain. Sci 
Adv. 2021;7(43):eabi8834. https:// doi. org/ 10. 1126/ sciadv. abi88 34.

 10. Garattini E, Terao M. The role of aldehyde oxidase in drug metabolism. 
Expert Opin Drug Metab Toxicol. 2012;8(4):487–503. https:// doi. org/ 10. 
1517/ 17425 255. 2012. 663352.

 11. Giusti L, Mantua V, Da Valle Y, Ciregia F, Ventroni T, Orsolini G, et al. Search 
for peripheral biomarkers in patients affected by acutely psychotic 
bipolar disorder: a proteomic approach. Mol Biosyst. 2014;10(6):1246–54. 
https:// doi. org/ 10. 1039/ c4mb0 0068d.

 12. Glare P, Aubrey KR, Myles PS. Transition from acute to chronic pain after 
surgery. Lancet. 2019;393(10180):1537–46. https:// doi. org/ 10. 1016/ 
S0140‑ 6736(19) 30352‑6.

 13. Gorlova OY, Xiao X, Tsavachidis S, Amos CI, Gorlov IP. SNP characteristics 
and validation success in genome wide association studies. Hum Genet. 
2022;141(2):229–38. https:// doi. org/ 10. 1007/ s00439‑ 021‑ 02407‑8.

 14. Greer CB, Wright J, Weiss JD, Lazarenko RM, Moran SP, Zhu J, et al. Tet1 iso‑
forms differentially regulate gene expression, synaptic transmission, and 
memory in the mammalian brain. J Neurosci. 2021;41(4):578–93. https:// 
doi. org/ 10. 1523/ JNEUR OSCI. 1821‑ 20. 2020.

 15. Gregus AM, Dumlao DS, Wei SC, Norris PC, Catella LC, Meyerstein FG, et al. 
Systematic analysis of rat 12/15‑lipoxygenase enzymes reveals critical 
role for spinal eLOX3 hepoxilin synthase activity in inflammatory hyperal‑
gesia. FASEB J. 2013;27(5):1939–49. https:// doi. org/ 10. 1096/ fj. 12‑ 217414.

 16. Han KA, Kim J, Kim H, Kim D, Lim D, Ko J, et al. Slitrk2 controls excitatory 
synapse development via PDZ‑mediated protein interactions. Sci Rep. 
2019;9(1):17094. https:// doi. org/ 10. 1038/ s41598‑ 019‑ 53519‑1.

 17. Hasegawa M, Yoshida T, Sudo A. Tenascin‑C in osteoarthritis and rheuma‑
toid arthritis. Front Immunol. 2020;11:577015. https:// doi. org/ 10. 3389/ 
fimmu. 2020. 577015.

 18. Hsieh MC, Ho YC, Lai CY, Chou D, Wang HH, Chen GD, et al. Melatonin 
impedes Tet1‑dependent mGluR5 promoter demethylation to relieve 
pain. J Pineal Res. 2017. https:// doi. org/ 10. 1111/ jpi. 12436.

 19. Hsieh MC, Lai CY, Ho YC, Wang HH, Cheng JK, Chau YP, et al. Tet1‑depend‑
ent epigenetic modification of BDNF expression in dorsal horn neurons 
mediates neuropathic pain in rats. Sci Rep. 2016;6:37411. https:// doi. org/ 
10. 1038/ srep3 7411.

 20. Islam B, Stephenson J, Young B, Manca M, Buckley DA, Radford H, et al. 
The identification of blood biomarkers of chronic neuropathic pain by 
comparative transcriptomics. Neuromol Med. 2021. https:// doi. org/ 10. 
1007/ s12017‑ 021‑ 08694‑8.

 21. Johnston KJA, Adams MJ, Nicholl BI, Ward J, Strawbridge RJ, Ferguson 
A, et al. Genome‑wide association study of multisite chronic pain in UK 
Biobank. PLoS Genet. 2019;15(6):e1008164. https:// doi. org/ 10. 1371/ journ 
al. pgen. 10081 64.

 22. Katz JN, Arant KR, Loeser RF. Diagnosis and treatment of hip and knee 
osteoarthritis: a review. JAMA. 2021;325(6):568–78. https:// doi. org/ 10. 
1001/ jama. 2020. 22171.

 23. Lee AS, Ellman MB, Yan D, Kroin JS, Cole BJ, van Wijnen AJ, et al. A current 
review of molecular mechanisms regarding osteoarthritis and pain. Gene. 
2013;527(2):440–7. https:// doi. org/ 10. 1016/j. gene. 2013. 05. 069.

 24. Li F, Wang F. TRPV1 in pain and itch. Adv Exp Med Biol. 2021;1349:249–73. 
https:// doi. org/ 10. 1007/ 978‑ 981‑ 16‑ 4254‑8_ 12.

 25. Li J, Xu B, Wu C, Yan X, Zhang L, Chang X. TXNDC5 contributes to rheuma‑
toid arthritis by down‑regulating IGFBP1 expression. Clin Exp Immunol. 
2018;192(1):82–94. https:// doi. org/ 10. 1111/ cei. 13080.

 26. Li Q, Zhang Y, Ge BY, Li N, Sun HL, Ntim M, et al. GPR50 distribution in the 
mouse cortex and hippocampus. Neurochem Res. 2020;45(10):2312–23. 
https:// doi. org/ 10. 1007/ s11064‑ 020‑ 03089‑w.

 27. Li W, Li Y, Chu Y, Wu W, Yu Q, Zhu X, et al. PLCE1 promotes myocardial 
ischemia‑reperfusion injury in H/R H9c2 cells and I/R rats by promoting 
inflammation. Biosci Rep. 2019. https:// doi. org/ 10. 1042/ BSR20 181613.

 28. Li XH, Huang J, Yuan DM, Cheng C, Shen AG, Zhang DM, et al. HSPA12B 
regulates SSeCKS‑mediated astrocyte inflammatory activation in neuro‑
inflammation. Exp Cell Res. 2015;339(2):310–9. https:// doi. org/ 10. 1016/j. 
yexcr. 2015. 09. 020.

 29. Liu Y, Bockermann R, Hadi M, Safari I, Carrion B, Kveiborg M, et al. ADAM12 
is a costimulatory molecule that determines Th1 cell fate and mediates 
tissue inflammation. Cell Mol Immunol. 2021;18(8):1904–19. https:// doi. 
org/ 10. 1038/ s41423‑ 020‑ 0486‑8.

 30. Lloyd MD, Yevglevskis M, Lee GL, Wood PJ, Threadgill MD, Woodman 
TJ. alpha‑Methylacyl‑CoA racemase (AMACR): metabolic enzyme, drug 
metabolizer and cancer marker P504S. Prog Lipid Res. 2013;52(2):220–30. 
https:// doi. org/ 10. 1016/j. plipr es. 2013. 01. 001.

 31. Loo L, Wright BD, Zylka MJ. Lipid kinases as therapeutic targets for chronic 
pain. Pain. 2015;156(Suppl 1):S2–10. https:// doi. org/ 10. 1097/ 01.j. pain. 
00004 60345. 92588. 4b.

 32. Lu Y, Hu B, Dai H, Wang B, Yao J, Yao X. Predictors of chronic postsurgi‑
cal pain in elderly patients undergoing hip arthroplasty: a multi‑center 
retrospective cohort study. Int J Gen Med. 2021;14:7885–94. https:// doi. 
org/ 10. 2147/ IJGM. S3371 70.

 33. Luchting B, Hinske LC, Rachinger‑Adam B, Celi LA, Kreth S, Azad SC. 
Soluble intercellular adhesion molecule‑1: a potential biomarker for 
pain intensity in chronic pain patients. Biomark Med. 2017;11(3):265–76. 
https:// doi. org/ 10. 2217/ bmm‑ 2016‑ 0246.

 34. Lv ZT, Liang S, Huang XJ, Cheng P, Zhu WT, Chen AM. Association 
between ADAM12 single‑nucleotide polymorphisms and knee osteoar‑
thritis: a meta‑analysis. Biomed Res Int. 2017;2017:5398181. https:// doi. 
org/ 10. 1155/ 2017/ 53981 81.

 35. Ma L, Yu L, Jiang BC, Wang J, Guo X, Huang Y, et al. ZNF382 controls 
mouse neuropathic pain via silencer‑based epigenetic inhibition of 
Cxcl13 in DRG neurons. J Exp Med. 2021. https:// doi. org/ 10. 1084/ jem. 
20210 920.

 36. Machelska H, Brack A, Mousa SA, Schopohl JK, Rittner HL, Schafer M, et al. 
Selectins and integrins but not platelet‑endothelial cell adhesion mol‑
ecule‑1 regulate opioid inhibition of inflammatory pain. Br J Pharmacol. 
2004;142(4):772–80. https:// doi. org/ 10. 1038/ sj. bjp. 07058 37.

 37. Macrae WA. Chronic pain after surgery. Br J Anaesth. 2001;87(1):88–98. 
https:// doi. org/ 10. 1093/ bja/ 87.1. 88.

 38. Merlo LM, Mandik‑Nayak L. IDO2: a pathogenic mediator of inflammatory 
autoimmunity. Clin Med Insights Pathol. 2016;9(Suppl 1):21–8. https:// doi. 
org/ 10. 4137/ CPath. S39930.

 39. Montpetit A, Cote S, Brustein E, Drouin CA, Lapointe L, Boudreau M, 
et al. Disruption of AP1S1, causing a novel neurocutaneous syndrome, 
perturbs development of the skin and spinal cord. PLoS Genet. 
2008;4(12):e1000296. https:// doi. org/ 10. 1371/ journ al. pgen. 10002 96.

 40. Myers KR, Yu K, Kremerskothen J, Butt E, Zheng JQ. The nebulin family 
LIM and SH3 proteins regulate postsynaptic development and function. J 
Neurosci. 2020;40(3):526–41. https:// doi. org/ 10. 1523/ JNEUR OSCI. 0334‑ 19. 
2019.

 41. Sahin F, Beyaz SG, Karakus N, Inanmaz ME. Total knee arthroplasty 
postsurgical chronic pain, neuropathic pain, and the prevalence of neu‑
ropathic symptoms: a prospective observational study in Turkey. J Pain 
Res. 2021;14:1315–21. https:// doi. org/ 10. 2147/ JPR. S2938 56.

 42. Schmidt H, Bottcher A, Gross T, Schmidtko A. cGMP signalling in dorsal 
root ganglia and the spinal cord: various functions in development and 
adulthood. Br J Pharmacol. 2021. https:// doi. org/ 10. 1111/ bph. 15514.

 43. Switala WW, Szymanska‑Adamcewicz O, Jurga S, Pilchowska‑Ujma E, 
Krakowiak J. Genetic aspects of pain and its variability in the human 
population. Ann Agric Environ Med. 2021;28(4):569–74. https:// doi. org/ 
10. 26444/ aaem/ 134151.

 44. Theodoratou E, Timofeeva M, Li X, Meng X, Ioannidis JPA. Nature, 
nurture, and cancer risks: genetic and nutritional contributions to 

https://doi.org/10.1007/s12031-017-0998-6
https://doi.org/10.1097/MD.0000000000012484
https://doi.org/10.1093/bmb/ldr011
https://doi.org/10.1007/s10735-012-9450-y
https://doi.org/10.1136/ard.2010.132787
https://doi.org/10.1126/sciadv.abi8834
https://doi.org/10.1517/17425255.2012.663352
https://doi.org/10.1517/17425255.2012.663352
https://doi.org/10.1039/c4mb00068d
https://doi.org/10.1016/S0140-6736(19)30352-6
https://doi.org/10.1016/S0140-6736(19)30352-6
https://doi.org/10.1007/s00439-021-02407-8
https://doi.org/10.1523/JNEUROSCI.1821-20.2020
https://doi.org/10.1523/JNEUROSCI.1821-20.2020
https://doi.org/10.1096/fj.12-217414
https://doi.org/10.1038/s41598-019-53519-1
https://doi.org/10.3389/fimmu.2020.577015
https://doi.org/10.3389/fimmu.2020.577015
https://doi.org/10.1111/jpi.12436
https://doi.org/10.1038/srep37411
https://doi.org/10.1038/srep37411
https://doi.org/10.1007/s12017-021-08694-8
https://doi.org/10.1007/s12017-021-08694-8
https://doi.org/10.1371/journal.pgen.1008164
https://doi.org/10.1371/journal.pgen.1008164
https://doi.org/10.1001/jama.2020.22171
https://doi.org/10.1001/jama.2020.22171
https://doi.org/10.1016/j.gene.2013.05.069
https://doi.org/10.1007/978-981-16-4254-8_12
https://doi.org/10.1111/cei.13080
https://doi.org/10.1007/s11064-020-03089-w
https://doi.org/10.1042/BSR20181613
https://doi.org/10.1016/j.yexcr.2015.09.020
https://doi.org/10.1016/j.yexcr.2015.09.020
https://doi.org/10.1038/s41423-020-0486-8
https://doi.org/10.1038/s41423-020-0486-8
https://doi.org/10.1016/j.plipres.2013.01.001
https://doi.org/10.1097/01.j.pain.0000460345.92588.4b
https://doi.org/10.1097/01.j.pain.0000460345.92588.4b
https://doi.org/10.2147/IJGM.S337170
https://doi.org/10.2147/IJGM.S337170
https://doi.org/10.2217/bmm-2016-0246
https://doi.org/10.1155/2017/5398181
https://doi.org/10.1155/2017/5398181
https://doi.org/10.1084/jem.20210920
https://doi.org/10.1084/jem.20210920
https://doi.org/10.1038/sj.bjp.0705837
https://doi.org/10.1093/bja/87.1.88
https://doi.org/10.4137/CPath.S39930
https://doi.org/10.4137/CPath.S39930
https://doi.org/10.1371/journal.pgen.1000296
https://doi.org/10.1523/JNEUROSCI.0334-19.2019
https://doi.org/10.1523/JNEUROSCI.0334-19.2019
https://doi.org/10.2147/JPR.S293856
https://doi.org/10.1111/bph.15514
https://doi.org/10.26444/aaem/134151
https://doi.org/10.26444/aaem/134151


Page 9 of 9Xu et al. Journal of Orthopaedic Surgery and Research          (2023) 18:184  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

cancer. Annu Rev Nutr. 2017;37:293–320. https:// doi. org/ 10. 1146/ annur 
ev‑ nutr‑ 071715‑ 051004.

 45. Tsai CH, Liu SC, Chung WH, Wang SW, Wu MH, Tang CH. Visfatin increases 
VEGF‑dependent angiogenesis of endothelial progenitor cells during 
osteoarthritis progression. Cells. 2020. https:// doi. org/ 10. 3390/ cells 90513 
15.

 46. Ugartondo N, Martinez‑Gil N, Esteve M, Garcia‑Giralt N, Roca‑Ayats N, 
Ovejero D, et al. Functional analyses of four CYP1A1 missense mutations 
present in patients with atypical femoral fractures. Int J Mol Sci. 2021. 
https:// doi. org/ 10. 3390/ ijms2 21473 95.

 47. Vosberg DE, Leyton M, Flores C. The Netrin‑1/DCC guidance system: 
dopamine pathway maturation and psychiatric disorders emerging in 
adolescence. Mol Psychiatry. 2020;25(2):297–307. https:// doi. org/ 10. 1038/ 
s41380‑ 019‑ 0561‑7.

 48. Wang D, Zhang J, Jiang W, Cao Z, Zhao F, Cai T, et al. The role of NLRP3‑
CASP1 in inflammasome‑mediated neuroinflammation and autophagy 
dysfunction in manganese‑induced, hippocampal‑dependent impair‑
ment of learning and memory ability. Autophagy. 2017;13(5):914–27. 
https:// doi. org/ 10. 1080/ 15548 627. 2017. 12937 66.

 49. Wylde V, Beswick A, Bruce J, Blom A, Howells N, Gooberman‑Hill 
R. Chronic pain after total knee arthroplasty. EFORT Open Rev. 
2018;3(8):461–70. https:// doi. org/ 10. 1302/ 2058‑ 5241.3. 180004.

 50. Xing F, Gu H, Niu Q, Fan X, Wang Z, Yuan J, et al. MZF1 in the dorsal root 
ganglia contributes to the development and maintenance of neuro‑
pathic pain via regulation of TRPV1. Neural Plast. 2019;2019:2782417. 
https:// doi. org/ 10. 1155/ 2019/ 27824 17.

 51. Xu M, Wu R, Zhang L, Zhu HY, Xu GY, Qian W, et al. Decreased MiR‑485‑5p 
contributes to inflammatory pain through post‑transcriptional upregula‑
tion of ASIC1 in rat dorsal root ganglion. J Pain Res. 2020;13:3013–22. 
https:// doi. org/ 10. 2147/ JPR. S2799 02.

 52. Xu W, Zhang X, Liang F, Cao Y, Li Z, Qu W, et al. Tet1 regulates astrocyte 
development and cognition of mice through modulating GluA1. Front 
Cell Dev Biol. 2021;9:644375. https:// doi. org/ 10. 3389/ fcell. 2021. 644375.

 53. Yu XW, Hu ZL, Ni M, Fang P, Zhang PW, Shu Q, et al. Acid‑sensing ion 
channels promote the inflammation and migration of cultured rat micro‑
glia. Glia. 2015;63(3):483–96. https:// doi. org/ 10. 1002/ glia. 22766.

 54. Zhang Y, Cao R, Ying H, Du J, Chen S, Wang N, et al. Increased expression 
of TLR10 in B cell subsets correlates with disease activity in rheumatoid 
arthritis. Mediat Inflamm. 2018;2018:9372436. https:// doi. org/ 10. 1155/ 
2018/ 93724 36.

 55. Zhao J, Davis SP. An integrative review of multimodal pain management 
on patient recovery after total hip and knee arthroplasty. Int J Nurs Stud. 
2019;98:94–106. https:// doi. org/ 10. 1016/j. ijnur stu. 2019. 06. 010.

 56. Zhao X, Tang Z, Zhang H, Atianjoh FE, Zhao JY, Liang L, et al. A long 
noncoding RNA contributes to neuropathic pain by silencing Kcna2 in 
primary afferent neurons. Nat Neurosci. 2013;16(8):1024–31. https:// doi. 
org/ 10. 1038/ nn. 3438.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1146/annurev-nutr-071715-051004
https://doi.org/10.1146/annurev-nutr-071715-051004
https://doi.org/10.3390/cells9051315
https://doi.org/10.3390/cells9051315
https://doi.org/10.3390/ijms22147395
https://doi.org/10.1038/s41380-019-0561-7
https://doi.org/10.1038/s41380-019-0561-7
https://doi.org/10.1080/15548627.2017.1293766
https://doi.org/10.1302/2058-5241.3.180004
https://doi.org/10.1155/2019/2782417
https://doi.org/10.2147/JPR.S279902
https://doi.org/10.3389/fcell.2021.644375
https://doi.org/10.1002/glia.22766
https://doi.org/10.1155/2018/9372436
https://doi.org/10.1155/2018/9372436
https://doi.org/10.1016/j.ijnurstu.2019.06.010
https://doi.org/10.1038/nn.3438
https://doi.org/10.1038/nn.3438

	Association between single nucleotide variants and severe chronic pain in older adult patients after lower extremity arthroplasty
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Subjects and groups
	Blood sample collection and DNA extraction
	SNV detection
	Statistical analysis

	Results
	Comparison of basic clinical characteristics between the two groups
	Variant analysis
	Gene enrichment analysis

	Discussion
	Identified genes of interest
	Correlation between enrichment analysis results and pain

	Conclusions and limitations
	Anchor 21
	References


