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Purpose: Chronic post-surgical pain (CPSP) is a detrimental condition that persists at least 
two months after surgical procedures and seriously affects patients’ quality of life. Although 
its incidence varies according to operation types and definitions, its prevalence is between 
3% and 85%. The purpose of this study is to evaluate the prevalence of CPSP and neuro-
pathic pain in patients undergoing TKA for osteoarthritis.
Patients and Methods: In this study, patients who had undergone total knee arthroplasty 
(TKA) were examined prospectively and observationally. 42 patients were included in the 
study. Numeric rate scale (NRS) for developing chronic pain, Douleur Neuropathique 4 (DN- 
4) questionnaire to evaluate neuropathic pain and symptoms, and von Frey filaments to 
evaluate mechanical hyperesthesia and alladony.
Results: NRS scores were 1 or higher for all patients. Twenty-seven patients constituted the 
mild pain group (NRS: 1–4), and 15 patients constituted the moderate pain group (NRS: 4–7). 
The number of patients defined as having “neuropathic pain,” according to DN-4 scores, was 17 
(40.4%; DN-4 ≥ 4). The moderate pain group reported greater severity of neuropathic symptoms 
on average than the mild pain group (p = 0.039). When patients knees affected by TKA were 
divided into suprapatellar, patellar, and infrapatellar regions and evaluated with von Frey 
filaments, a significant difference was found between the three regions (p < 0.05).
Conclusion: In this study, we showed—unlike other studies—that the rate of neuropathic 
pain was higher among CPSP patients, and all patients had neuropathic symptoms. In 
evaluating patients knees with von Frey filaments, we showed that the neuropathic compo-
nent of patients’ pain occurred mostly in the knee’s infrapatellar region. Although the 
incidence of CPSP and neuropathic pain in these patients was higher than expected, we 
think CPSP, its diagnosis, and its treatment present an important issue that requires further 
examination.
Keywords: chronic postsurgical pain, neuropathic pain, neuropathic symptom, von Frey 
filament, total knee arthroplasty

Introduction
Total knee arthroplasty (TKA) is an effective surgical method to improve physical 
function and reduce pain among patients with end-stage knee osteoarthritis.1 

Chronic post-surgical pain (CPSP) develops after surgical procedures, and at least 
two months should have passed after the operation to constitute CPSP.2 CPSP’s 
incidence varies according to the study methodology, type, and description of 
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operations, but it ranges between 3% and 85%.3 

Intraoperative nerve damage, operative time, pre-existing 
pain, young age, female gender, genetic predisposition, 
psychological variables, and the severity of acute post-
operative pain are risk factors for CPSP.3

Although CPSP is multifactorial, it usually involves 
a neuropathic component associated with peripheral nerve 
injury during surgery or pain modulation impairment with 
central sensitization.4 It is characterized by a combination of 
neuropathic pain, sensory loss, and paradoxical hypersensi-
tivity. Symptoms of neuropathic pain include spontaneous or 
triggered chronic pain as well as characteristic burning, 
stabbing, and electric shock-like warnings, which can pre-
sent as sharp, sometimes dull, painful, pressurized, deep 
neuropathic itching.5 It has been shown that one of the 
most common symptoms in neuropathic pain due to periph-
eral nerve damage is mechanical hyperalgesia.6 These 
mechanical sensory changes can be evaluated with the alg-
ometer or von Frey filaments.7 The approximate prevalence 
of neuropathic pain in the general population is around 7%.8 

Wylde et al9 demonstrated in their study that 44% of total 
knee replacement patients developed CPSP while 6% 
experienced neuropathic pain. Razmjou et al showed that 
14% patients with TDR developed neuropathic pain.10 

However, Beyaz et al7 identified the rate of neuropathic 
pain as 33.3% in their study investigating neuropathic pain 
and neuropathic symptoms after hysterectomy, and they 
reported observing neuropathic symptoms in almost all the 
patients participating in their study (96.8%). While Douleur 
Neuropathique 4 (DN-4) questionnaire ≥ 4 was considered 
as neuropathic pain, neuropathic symptom was defined as 
the presence of one of 10 items. It is argued that studies 
different rates of CPSP, neuropathic pain, and neuropathic 
symptoms have arisen from differences in study 
methodologies.

While the primary purpose of this study was to evaluate 
the prevalence of CPSP and neuropathic pain in patients 
undergoing TKA due to osteoarthritis, the secondary aim 
was to evaluate the presence of neuropathic symptoms, the 
localization of hyperesthesia, and the role of anesthesia 
methods in the development of chronic pain.

Patients and Methods
Patients
This prospective observational study was conducted with 
approval from the local ethics committee of Sakarya 
University Faculty of Medicine. Patients who had undergone 

a TKA operation at Sakarya Yenikent State Hospital at least six 
months previously were included in the study, and their data 
were obtained from the Yenikent State Hospital electronic data 
program Karmed, using Kardelen Software (Kardelen 
Software, Mersin, Republic of Turkey). The identified patients 
were contacted by phone. Patients who were contacted were 
invited to the hospital and informed about the study. Written 
consent was obtained from all patients that they would partici-
pate in the study. This study was conducted in accordance with 
the Declaration of Helsinki. Data (age, weight, height, surgical 
indication, and previous knee operations) were recorded for 
patients who agreed to participate in the study and came to the 
hospital. Patients were questioned about type of surgery, inci-
sion technique, analgesic use (opioid or non-opioid drug), and 
other drug. The patients anesthesia type (general anesthesia or 
regional anesthesia) and postoperative analgesia technique 
(intravenous or epidural patient controlled analgesia) were 
obtained from the hospital data system. Patients whose TKA 
procedures had occurred at least six months and at most 36 
months previously were included in the study. Patients who 
had previous TKA and revision surgery were not included.

Pain Assessment
The numeric rating scale (NRS; 0: “no pain”; 10: “the 
most severe pain imaginable”) was used to calculate 
pain intensity.11 According to NRS scores, 0 signified 
“no pain,” 1–3 signified “mild pain,” 4–7 signified 
“moderate pain,” and 8–10 signified “severe pain.” The 
NRS scores of the patients were evaluated according to 
their pain at rest and only TKA laterality and side. 
Patients were divided into the mild pain group (NRS 
1–3) and the moderate pain group (NRS 4–7) to com-
pare nonparametric numerical data. Chronic neuropathic 
pain was assessed using the DN-4 questionnaire.5 The 
total score is calculated as the total of the 10 items and 
the cut-off value for the diagnosis of neuropathic pain is 
a total score of 4.8 The presence of at least 1 of 10 
items was considered as a neuropathic symptom. 
Surgical incision types were determined during physical 
examination of all patients. During vertical incisions in 
the midline, TKA laterality and side was divided first 
into two regions, the right and left sides, and then into 
three regions (suprapatellar, patellar, infrapatellar 
regions) on both sides (Figure 1). Von Frey filaments 
grading 0.04 g, 0.07 g, 0.16 g, 0.4 g, 0.6 g, 1 g, 1.4 g, 2 
g, 4 g, 6 g, 8 g, 10 g, 15 g, 26 g, 60 g, 100 g, 180 g and 
300 g it has bending forces. A number-5.88 von Frey 
filament (Touch Test Sensory Evaluator Kit; North 
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Coast, Inc., Gilroy, CA, USA) was used to assess 
mechanical allodynia and hyperesthesia along the knee 
incision scar. Bending forces were applied sequentially 
from the smallest filament to the filament where the 
patient felt real touch. Three separate measurements 
were made for each of the six areas, and the average 
of the last two values was recorded after the first mea-
surement value was ignored. Von Frey filament mea-
surements were made at rest.

Statistical Analysis
The Chi-square test and Fischer's exact test was used to 
compare categorical data, which are shown as counts (n) 
and percentages (%). The Kolmogorov–Smirnov normality 
test was used to check the normality of continuous data. The 
Mann–Whitney U-test was used to compare nonparametric 
numerical data and student t-test was used to compare 
parametric numerical data between 2 groups. Student 
t-test was used to compare knee skar pain pressure thresh-
olds among 6 areas. Paired samples t-test was used to 
compare between 3 regions [suprapatellar region (I1-O1), 
patellar region (I2-O2) and infrapatellar region (I3-O3) 
areas of the knee incision scar]. Numerical data are pre-
sented as means±standard deviation. In all analyses, p<0.05 
was taken to indicate statistical significance. Analyses were 
performed using commercial software (IBM SPSS 
Statistics Version 22.0; IBM Corp., Armonk, NY).

Results
A total of 52 patients were evaluated. 7 of these patients 
were excluded because of revision knee surgery. Three 
patients were excluded from the study because insufficient 
communication was established and correct evaluation of 
their pain could not be made. In total, 42 patients were 
included in the study. According to their NRS scores, two 
groups were formed: the mild pain group (NRS 1–3), the 
moderate pain group (NRS 4–7). NRS scores were 1 and 
higher for all patients. The mild pain group comprised 27 
patients while the moderate pain group comprised 15 
patients. No patients were in the severe pain group.

Demographic Characteristics
While two patients (4.8%) were male, 40 patients (95.2%) 
were female. The mean age of all patients was 64.8 ± 8.2. 
Time elapsed since surgery was 17.7±6.1 month. No dif-
ferences were observed in demographic data, patients 

TKA laterality and side, or time elapsed since surgery 
between the groups (p > 0.05; Table 1).

Intraoperative Features
In patients anesthetic management, three patients (7%) 
received general anesthesia and 39 patients (93%) received 
regional anesthesia (of whom 5 had spinal and 34 had com-
bined spinal epidural anesthesia). In postoperative pain man-
agement, 34 patients (81%) had used epidural patient- 
controlled analgesia (PCA), and eight patients (19%) had 
used intravenous PCA. No significant differences were 
observed between the groups in terms of patients’ anesthesia 
and analgesia techniques (p > 0.05; Table 2).

Localization and Characteristics of Pain
A significant difference was observed between the mild 
pain group and the moderate pain group in terms of 
patients’ postoperative NRS scores (p < 0.001). The mod-
erate pain group reported greater severity of neuropathic 
symptoms on average than the mild pain group (p = 0.039; 
Table 3). The number of patients defined as having “neu-
ropathic pain,” according to DN-4 scores, was 17 (40.4%; 
DN-4 4). Those who reported greater pain at the study 
visit also had higher postoperative pain ratings. The mod-
erate pain group reported greater severity of neuropathic 
symptoms on average than the mild pain group. While 20 
patients (47.6%) were using regular nonsteroidal anti- 
inflammatory drugs, three patients (7.1%) were using anti-
depressants (tricyclic antidepressants) and four patients 
(9.5%) were using pregabalin due to their neuropathic 
complaints.

When the six points of the operated knee were exam-
ined one by one, no significant difference was found 
between the groups (p > 0.05; Table 4). A significant 
difference was found between the three regions when 
TKA was performed on the knee with the help of the 
lines drawn perpendicular to the incision scar, separated 
into suprapatellar (I1-O1), patellar (I2-O2), and infrapatel-
lar (I3-O3) regions, and evaluated with von Frey filaments 
(p < 0.05; Table 5). While a significant difference was 
found between the paired comparisons of the suprapatellar, 
patellar, and infrapatellar regions, the highest scores were 
observed in the lower region (Table 5).

Discussion
TKA is a frequently performed procedure to improve pain and 
disability in patients with end-stage knee arthritis when non- 
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surgical methods are ineffective.12 Despite all the diagnostic 
tests and physical examinations performed on such patients, 
CPSP can occur after operation. The International Association 
of the Study of Pain defines CPSP as pain that occurs at least 
two months after surgical intervention.2 An NRS score of 0 is 
classified as “no pain,” an NRS score of 1–3 is classified as 
“mild CPSP,” and an NRS score of 4 is classified as “moder-
ate” and “severe” CPSP.13–15 A review examining 14 cohort 
studies showed that discomfort and long-term pain developed 
among 7%–23% of patients after a hip operation and among 

10%–34% of patients after a TKA operation.16 Hasegawa 
et al17 reported that the rate of moderate and severe pain was 
28% in their study conducted on 154 patients for the preva-
lence of pain after TKA. Güngör et al18 examined the NRS 
scores of 578 TKA patients at least three months postopera-
tively, and they showed that the incidence of developing CPSP 
was 31.3%. All 42 patients (100%) included in this study were 

Table 1 Demographic Data of Chronic Postsurgical Pain Patients 
Undergoing Total Knee Arthroplasty

Mild Pain 
Group 
(n=27)

Moderate 
Pain Group 

(n=15)

Total (n=42) p

Gender
Male 2 (7.4%) 0 2 (4.8%) 0.408*

Female 25 (92.6%) 15 (100%) 40 (95.2%)

Age 66.4±8.0 62.0±8.1 64.8±8.2 0.094**

BMI 34.9±5.9 33.6±4.4 34.4±5.4 0.442**

Side
Right 17 (63%) 10 (66.7%) 27 (64.3%) 0.810*
Left 10 (37%) 5 (33.3%) 15 (35.7%)

Time 
elapsed 
since 
surgery

18.3±5.3 16.7±7.4 17.7±6.1 0.448**

Notes: *Chi-square test. **Student’s t-test. 
Abbreviation: BMI, body mass index.

Table 2 Distribution of Anesthesia and Postoperative Analgesia 
Methods Applied for Total Knee Arthroplasty by Groups

Mild Pain 
Group (n=27)

Moderate 
Pain Group 

(n=15)

Total 
(n=42)

p

Anesthesia
General 1 (3.7%) 2 (13.3%) 3 (7.1%) 0.287

Regional 26 (96.3%) 13 (86.7%) 39 (92.9%)

Analgesia
Epidural 23 (85.2%) 11 (73.3%) 34 (81%) 0.294

Intravenous 4 (14.8%) 4 (26.7%) 8 (19%)

Note: Chi-square test.

Table 3 Postoperative NRS Scores and DN-4 Capital Symptom 
Number of Patients Applied for Total Knee Arthroplasty

Mild Pain 
Group 
(n=27)

Moderate 
Pain Group 

(n=15)

Total p

NRS 2 (2–3) 4 (4–6) 3 (2–4) <0.001*

DN-4 3 (3–5) 5 (3–6) 4 (3–6) 0.039

Notes: Mann–Whitney U-test. *p<0.05. 
Abbreviations: NRS, numerical rating scale; DN-4, Douleur Neuropathique 4 
Questions.

Figure 1 Dividing the TKA laterality and side into six regions for evaluation with von Frey filaments. I1: suprapatellar medial area of knee, I2: patellar medial area of knee, I3: 
infrapatellar medial area of knee, O1: suprapatellar lateral area of knee, O2: patellar lateral area of knee, O3: infrapatellar lateral area of knee.
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observed to have an NRS of 1 or higher, and 15 patients 
(35.8%) had an NRS of four or higher and developed moderate 
and severe CPSP at a rate similar to other studies.16–18 Also 
notably, unlike other studies, no patients were found to have an 
NRS score of zero and no pain.

Regional anesthesia is frequently used—especially in 
orthopedic surgeries—and both intravenous analgesia and 
epidural analgesia can be used in analgesia management, 
although with variations according to application centers. 
A 2006 study showed that patients who underwent epi-
dural and spinal anesthesia in lower-extremity amputation 
surgery experienced better analgesia in the first weeks 
after amputation than patients who received general 
anesthesia, but epidural and spinal anesthesia had no effect 
on pain after 14 months.19 In a study examining 563 TKA 
patients, Bugada et al20 compared CPSP development 
between patients who received long-term analgesia (con-
tinued epidural and peripheral block), patients who 
received a single dose of regional anesthesia, and patients 
who did not receive regional anesthesia. While lower NRS 

scores were observed in patients who continued analgesia 
for the first month after surgery, no difference was found 
between the two groups afterwards. In our study, most 
patients used the regional anesthesia and analgesia 
method, and despite continuous and aggressive analgesia 
with epidural PCA for three days, no difference was 
observed in CPSP development and the relationship 
between anesthesia and analgesia type.

Neuropathic pain is defined as pain affecting the soma-
tosensory system that occurs as a direct result of a lesion or 
disease in the sympathetic nervous system or the parasym-
pathetic nervous system.21 A study conducted in 2008 
reported that the prevalence of neuropathic pain in the 
general population was around 7%.8 Recent studies have 
found that the rates of neuropathic symptoms and pain 
development after surgery in different tissues have 
increased.7,22 Neuropathic pain symptoms may appear in 
the form of chronic burning, stabbing, electric-like shocks, 
and sharp, sometimes dull, painful, pressurized, deep neuro-
pathic itching, and they may present as a sensory deficiency 
or hypersensitivity in the painful area or a gradual increase 
in pain after repetitive stimulation.5,23 Many studies have 
reported hyperesthesia and hypoesthesia around the incision 
after TKA.24–26 Retrospective studies with different follow- 
up periods showed that 60% of TKA patients using the 
midline skin incision technique had hyperesthesia.26 Black 
et al25 found that 27% of patients had a symptom of 
numbness in the incision area after TKA.

The von Frey filament set provides an approximate loga-
rithmic scale of true force and a linear measurement of per-
ceived density. It has a long history of use, particularly in 
animal experiments and clinical applications, and it can also 
be used to diagnose hyperesthesia or hypoesthesia. In this 
study, we divided the TKA laterality and side into six regions 
(Figure 1) and examined it with von Frey filaments, and we 
could not find a significant difference between the values. 
When we divided the array into three areas—suprapatellar, 
patellar, and infrapatellar (Figure 2)—higher values were 
found in the lower part of the knee while lower values were 
observed in the upper part of the knee. Therefore, a significant 
difference was found when the upper and lower regions of the 
knee were compared using von Frey filaments. This finding led 
us to conclude that sensory damage was greater under the knee. 
Allodynia and hyperesthesia are just two of the well-known 
symptoms or signs of neuropathy. Notably, the DN-4 ques-
tionnaire evaluates multiple neuropathic symptoms. In this 
study, we evaluated neuropathic symptoms and neuropathic 
pain separately because even a single neuropathic symptom 

Table 4 Knee Incision Scar Pain Von Frey Filament of Patients

Mild Pain 
Group 
(n=27)

Moderate Pain 
Group (n=15)

Total (n=42) p

I1 1.7 ± 1.5 1.3 ± 0.8 1.3 ± 0.9 0.298

I2 1.8 ± 1.5 1.3 ± 0.5 2.0 ± 1.7 0.178
I3 2.4 ± 2.3 1.9 ± 1.2 2.8 ± 2.2 0.407

O1 1.4 ± 1.1 1.3 ± 0.8 1.5 ± 1.2 0.635

O2 2.3 ± 1.9 1.5 ± 0.8 1.6 ± 1.2 0.170
O3 2.7 ± 2.4 3.0 ± 1.9 2.2 ± 2.0 0.653

Notes: Student’s t-test. I1: suprapatellar medial area of knee 1, I2: patellar medial 
area of knee 2, I3: infrapatellar medial area of knee 3, O1: suprapatellar lateral area 
of knee 1, I2: patellar lateral area of knee 2, I3: infrapatellar lateral area of knee 3.

Table 5 Von Frey Filament Scores of the Suprapatellar, Patellar, 
Infrapatellar Regions Separated on the Knee with Total Knee 
Arthroplasty

Von Frey 
Filament Scores

p1 p2 p3

Suprapatellar 
area (I1-O1)

1.4 ± 1 0.033* <0.001* 0.001*

Patellar area (I2- 

O2)

1.8 ± 1.3

Infrapatellar 

area (13-O3)

2.5 ± 2

Notes: Student t-test. p1: suprapatellar and patellar region comparison. p2: supra-
patellar and infrapatellar region comparison. p3: patellar and infrapatellar region 
comparison. *p<0.05.
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causes a feeling of pain and a decrease in patients’ quality of 
daily life.7 While the neuropathic pain cut-off value is 4 and 
above in the DN-4 score, each finding value is considered as 
a neuropathic symptom. In this study, neuropathic pain was 
diagnosed in 17 patients (40.4%; DN 4 ≥ 4) followed for 17.7 ± 
6.1 months (6–36 months), and neuropathic pain was found to 
be significantly higher than in other studies. In addition, the 
number of patients with a DN-4 score of 1 and above was 42 
(100%). This finding is very important for all patients to have 
neuropathic symptoms after TKA. Previous studies showed 
that the rate of neuropathic pain in patients followed for three 
months to one year after TKA was between 3% and 11%.27–29 

Phillips et al29 reported that 35% of TKA patients have neuro-
pathic pain symptoms in their sixth postoperative week. The 
basis of neuropathic pain management is pharmacological, and 
antidepressants, antiepileptics, topical anesthetics, and opioid 
agents are often used. Non-pharmacological treatments include 
psychological approaches, spinal cord stimulation, and physi-
cal and invasive treatments.30 Our study found that the rate of 
neuropathic pain was 40.4% higher than other studies, and the 
use of tricyclic antidepressants was 18% among the patients in 
our study while the use of pregabalin was 22%. When we 

examined these rates, we saw that most of the patients with 
neuropathic pain in clinical practice did not receive treatment 
for this pain.

This study involved limitations. First, the sample com-
prised a small patient group that included all risk factors. 
Second, patients’ neuropathic pain and pain in the preo-
perative period could not be evaluated. Differences in time 
since surgery was another important limitation. However, 
this study was planned as a prospective observational 
investigation, the patient group was homogeneous and 
patients eligible to participate in the study were included.

Conclusion
In conclusion, unlike other studies, this study observed 
that the rate of neuropathic pain and CPSP were higher, 
all patients had neuropathic symptoms, and these neuro-
pathic symptoms mostly occurred in the infrapatellar 
region of the knee. The incidence of CPSP and neuro-
pathic pain after TKA were observed to be considerably 
higher than the rates in the literature, which is an impor-
tant issue that requires further effort in diagnosing and 
treating CPSP and neuropathic pain. Therefore, new stu-
dies are needed for CPSP and neuropathic pain.
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