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	 Background:	 Despite increased experience and technical developments in total knee arthroplasty (TKA), chronic postsurgi-
cal pain (CPSP) remains one of physicians’ biggest challenges. The aim of the present study was to evaluate 
the effectiveness of perineural injection therapy (PIT) in the management of CPSP after TKA.

	 Material/Methods:	 A total of 60 patients who had been surgically treated with TKA because of advanced knee osteoarthritis was 
included in the present study. The study included 2 groups. Group A consisted of patients who received 3 
rounds of PIT combined with standard postoperative TKA protocol during the same period. Group B received 
standard postoperative TKA protocols (rehabilitation programs, oral and intravenous analgesics). Clinical ef-
fectiveness was evaluated via Western Ontario and McMaster Universities Arthritis Index (WOMAC) and Visual 
Analog Scale (VAS) at baseline and 1-, 3-, and 6-month follow-ups.

	 Results:	 All repeated measures showed significant improvements (P<0.001) in both groups for VAS and WOMAC scores. 
These scores were significantly better in group A in all follow-up periods compared with group B (P<0.001). 
Twenty-nine patients (93.5%) in group A reported excellent or good outcomes compared with 26 patients 
(89.6%) in group B.

	 Conclusions:	 PIT is a promising approach in CPSP with minimal cost, simple and secure injection procedures, minimal side 
effects, and higher clinical efficacy.
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Background

Total knee arthroplasty (TKA) is the most successful and wide-
ly accepted method in the advanced stages of chronic knee 
osteoarthritis [1]. Chronic postsurgical pain (CPSP) is defined 
as moderate to severe pain lasting at least 3 months after 
surgery [2]. A visual analog scale (VAS) score greater than 
40 mm 3 months after surgery indicates significant pain [3]. 
Despite increased experience and technical developments in 
this successful method, CPSP remains one of physicians’ big-
gest challenges [4-6]. At least 3 to 6 months of pain that con-
siderably decreases quality of life after major surgical proce-
dures is referred to as CPSP and it has a frequency varying 
from 10 to 34% after TKA [7-9]. The exact pathology of CPSP 
remains unclear. However, cessation of regular analgesia by 
patients because of intolerance or side effects of analgesics, 
implant failure, and damage to the sensorial nerves are some 
possible causes [10,11]. CPSP has a negative influence on life 
quality and the rehabilitation process and leads to decreased 
mobilization and joint stiffness. Thus, revision surgeries may 
become inevitable in some patients [10,12].

Most recent studies have focused on peri-, intra-, and postop-
erative acute pain control, and there is limited evidence regard-
ing the optimal management of chronic pain after TKA [13-16]. 
In these limited studies, comprehensive and multidisciplinary 
approaches and patient-specific treatment modalities were rec-
ommended for CPSP [17]. Major treatment modalities for CPSP 
include medical treatment, physical therapy, pulsed radiofre-
quency, dry needling, and acupuncture. However, the success 
rate is low in some of these treatment modalities; scientific 
evidence is lacking for others [18,19].

Perineural injection therapy (PIT) is a novel restorative injec-
tion treatment, refined by Lyftogt [20] for the management of 
persistent and recurrent pain. In this treatment, 5% buffered 
dextrose is used near nerve injections to restore nerve func-
tion and movement. PIT targets peptidergic small fibers with 
transient receptor potential vanilloid 1 (TRPV1) expression in 
the skin and fascial tissues [21]. Voltage gating of TRPV1 stim-
ulates release of proinflammatory neuropeptides calcitonin 
gene related peptide (CGRP) and substance P (SP) responsible 
for neurogenic inflammation, resulting in swelling and pain of 
the nerve trunk [22,23].

Proper management of CPSP improves clinical success and re-
habilitation and decreases disability in this patient group [24]. 
In the present study we hypothesized that PIT could reduce 
the number of patients with CPSP, alleviate CPSP after TKA, 
and improve clinical success and the rehabilitation process. 
The aim of the present study was to evaluate effectiveness of 
PIT in the management of CPSP after TKA.

Material and Methods

A retrospective review of 60 patients with prospectively col-
lected clinical and radiologic data was performed to evaluate 
the effectiveness of PIT in the treatment of CPSP after TKA. 
The local Ethics Committee approved all study protocols. An 
informed consent was signed by each patient enrolled in the 
study. Patients who received TKA because of knee osteoarthri-
tis and whose ages varied from 40 to 90 years were includ-
ed in the study. Patients with active infection, osteomyelitis, 
history of chronic infection around the knee joint, rheumat-
ic diseases, immune diseases or other systemic inflammatory 
diseases, patients who had undergone previous operation on 
the knee, patients with bleeding tendency (hereditary or ac-
quired), and pregnant patients were excluded from the study.

Setting

The present study included a total of 60 patients who had TKA 
due to knee osteoarthritis in January 2017-July 2018. Thirty-
one patients received 3 rounds of PIT combined with standard 
postoperative TKA protocol consisting of rehabilitation pro-
grams, oral and intravenous analgesics (500 mg of acetamin-
ophen every 8 h, 75 mg of diclofenac sodium every 8 h, and 
100 mg of tramadol as needed) after TKA (group A), where-
as another similar age- and gender-matched group of 29 pa-
tients received standard postoperative TKA protocol consisting 
of rehabilitation programs and oral and intravenous analgesics 
(500 mg of acetaminophen every 8 h, 75 mg of diclofenac so-
dium every 8 h and 100 mg of tramadol as needed) after TKA 
(group B). After 21 days of TKA, both groups of patients were 
recommended to use acetaminophen up to a maximum of 4 
times a day and 500 mg when the pain became unbearable.

Intervention

Total Knee Arthroplasty

All surgeries were performed by the same surgeon (D.G.) us-
ing the medial parapatellar approach. Cement was used for 
fixing the implants. Fixed posterior cruciate ligament-substi-
tuting knee prosthesis (Smith-nephew, Geneses II Total Knee 
Replacement System, USA) was chosen for all patients. After 
the surgical procedure a compressive dressing was applied, and 
the knee was immobilized for 24 h. Then, continuous passive-
motion and active and passive range-of-motion (ROM) exercis-
es were started and the patients were mobilized the next day. 
The drain was taken off, and compressive dressing was termi-
nated on the second day. All patients were recommended to 
use crutches or a walker for walking. The knee ROM exercises 
and weight bearing were increased gradually.
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Perineural Injections and Physiotherapy Program

One researcher who had 10 years of clinical experience in or-
thopedic surgery and 8 years in prolotherapy (S.A.) performed 
all injection procedures. The injections were started 21 days af-
ter the surgery and repeated every 21 days for 3 seasons. The 
patients were placed in a supine position and the knee was 
flexed. Injections were performed under aseptic conditions us-
ing a 25-G hypodermic needle. The cutaneous nerves around 
the knee were palpated along its course and tender chronic 
constrictive injury (CCI) points (CCI points are tender points 
in the cutaneous nerves that occur when the nerves trapped 
in the penetration of the fascial layer at the fascial transition 
zone) were marked with a skin pen (Figure 1). Three millili-
ters of 5% dextrose (Koçak Farma, Turkey) solution was ad-
ministered subcutaneously directly at the marked CCI points 
and tender points around the knee. All patients were given 
home exercises by an experienced physiotherapist includ-
ing stretching, stabilization, and strength training exercises 3 
times a week [25]. The patients were recommended to refrain 
from heavy daily activities and to rest the injected knee for 3 

days. Anti-inflammatory drugs were prohibited except for ac-
etaminophen, which could be used a maximum 4 times a day 
at 500 mg when the pain became unbearable.

Outcomes

The outcomes were evaluated through face-to-face interviews 
by one of the authors (İ.G.) unaware of the treatment proce-
dures. Pain was evaluated in all patients using VAS, in which 
intensity of the movement-evoked pain varied from 0 (pain-
less) to 10 (extreme pain). Western Ontario and McMaster 
Universities Arthritis Index (WOMAC) was used to evaluate pain, 
physical function, and stiffness. This is a 24-item index com-
monly used for the evaluation of knee osteoarthritis. Follow-
up examinations of the cases were performed independently 
by one of the coauthors at baseline 1 and 3 months after the 
treatment. The statistician and the evaluator were blind re-
garding the intervention.

The outcomes in the last follow-up were categorized as “ex-
cellent,” “good,” “fair,” or “poor” [26]. The patients were spe-
cifically evaluated for significant pain (>40 mm) for 3 months, 
which is considered an indicator of CPSP development [3].
•	 Excellent: No ankle pain after daily activities or sport.
•	 Good: Pain levels £50% of the original ankle pain.
•	 �Fair: Pain levels between 50% and 75% of the original an-

kle pain.
•	 Poor: Pain levels ³75% of the original ankle pain.

Statistical Analyses

Variables were expressed as mean±SD. Two-way repeated-
measures analysis of variance was used for time comparison 
of group effects. The independent-samples t test was used to 
compare the data with continuous distribution. Analyses were 
conducted using a commercial software (IBM SPSS Statistics 
19, SPSS Inc., an IBM Co., Somers, NY). P<0.05 was considered 
statistically significant.

Results

Demographic features of patients in groups A and B were simi-
lar (Table 1). All patients completed a minimum of 6-month fol-
low-ups. Initial average VAS and WOMAC scores of the groups 
were similar (P=0.425 and 0.186, respectively) (Table 2).

All repeated measures showed significant improvements 
(P<0.001) in both groups for WOMAC and VAS scores. These 
scores were significantly better in group A in all follow-up pe-
riods compared with group B (P<0.001) (Table 2).

Figure 1. �Tender chronic constrictive injury (CCI) points. 
LFCN – lateral femoral cutaneous nerve; 
IFCN – intermediate femoral cutaneous nerve; 
IBSN – infrapatellar branch of saphenous nerve; 
SN – saphenous nerve.
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Twenty-nine patients (93.5%) in group A reported good or ex-
cellent outcomes (good: n=25 and excellent: n=4) and 2 pa-
tients (6.4%) reported poor or fair outcomes (poor: n=1 and 
fair: n=1). Twenty-six patients (89.6%) in group B reported 
good or excellent outcomes (good: n=25 and excellent: n=1), 
whereas 3 patients (10.3%) reported poor or fair outcomes 
(poor: n=1 and fair: n=2). Two patients (6.4%) in group A and 
6 patients (20.6%) in group B had significant pain (>40 mm).

In group B, superficial surgical site infection and wound drain-
age developed in one patient 3 weeks after TKA operation. 
This patient fully recovered after a 2-week hospital stay and 
intravenous ciprofloxacin (400 mg) and oral amoxicillin/clavu-
lanic acid administrations. Insert dislocation occurred in an-
other patient. The insert was replaced and lateral release was 
performed. In group A, superficial surgical site infection and 
drainage from the wound site were observed in 2 patients 
10 days and 2 weeks after TKA operation. These patients ful-
ly recovered after 2 weeks of oral amoxicillin/clavulanic acid 
administration.

Discussion

CPSP remains one of the major problems after TKA. 
Unfortunately, there is limited explanation for CPSP and only 
a few methods are available for its treatment. We used PIT with 
5% dextrose injections in the treatment of CPSP and found 
that this treatment was efficient and safe.

The exact cause of CPSP is not known [18]. Multiple variables 
are believed to come together in this condition, which develops 
as a mix of neuropathic pain (caused by a lesion or a disease 
of the somatosensory nervous system) and persistent muscu-
lar and ligamentous spasm and pain (caused by postoperative 
extreme inflammatory reaction) [23]. Because of tissue dam-
age or a lesion of the somatosensory nervous system, neuro-
pathic pain also coexists with CPSP [27,28]. Phillips et al stated 

that higher level of pain was the most common symptom in 
patients who were not satisfied with TKA, and almost half of 
them had possible neuropathic pain [29]. The National Institute 
for Health and Clinical Excellence has declared guidelines for 
the pharmacological treatment of neuropathic pain [30]. As 
the first-line treatment, use of pregabalin or amitriptyline is 
recommended. Some patients can benefit from these drugs. 
However, a considerable percentage of patients are refracto-
ry to these methods [19]. Moulin et al stated that only 23.7% 
of patients with severe neuropathic pain have experienced 
symptomatic relief with Canadian Pain Society drug protocols 
for neuropathic pain in their observational study [19]. In the 
management of this situation there is a need for comprehen-
sive treatment modalities that alleviate neuropathic pain, re-
store healing, and rearrange postoperative injured muscular 
and ligamentous structures around the knee. In the present 
study we used PIT for the management of this problem. Pain 
and clinical scores were significantly improved compared with 
baseline (P<0.001). The clinical and pain scores of PIT group 
were also higher compared with the control group, which re-
ceived no PIT after standard postsurgical protocol (P<0.001).

There are a limited number of studies dealing with injection 
therapy in CPSP treatment in the literature. These studies ar-
gue that the principles of multimodal therapies combining in-
jection and physical therapy were superior to the unimodal 
ones [31,32]. In such a study, Núñez-Cortés et al [32] achieved 
clinically significant improvements in pain, range of motion, 
function, and myofascial trigger points in TKA patients who had 
dry needling treatment combined with therapeutic exercises. 
In parallel with the literature, we adopted the principle of mul-
timodal therapy in the present study. VAS and WOMAC scores 
of the patients to which this principle was applied were signif-
icantly better than those of the group for which this principle 
was not applied (P<0.001). CPSP rate (significant pain [>40 mm]) 
of the patients who had PIT treatment dropped to one-third 
of the CPSP rate of the patients who did not (6.4 vs 20.6%).

Hilton’s law states that, as a result of embryological develop-
ment, the joint, the muscles that move the joint, and the over-
lying skin share the same nerve supply [33]. According to this 
theory, injury of the superficial nerves, including surgical inju-
ry, can affect deeper structures. Somatosensory small fibers 
can be trapped, subjected to friction, and traumatized in the 
skin and fascial layers around muscles, ligaments, tendons, and 
joints [34]. The associated ischemia may cause an oxygen-glu-
cose deprivation injury [35]. When C fibers run out of energy 
they depolarize and start to discharge. MacIver and Tanelian 
studied the peptidergic C fiber reaction to ischemia in 1992 
and found a 652% increase of C fiber firing in response to hy-
poglycemia [36]. It is proposed that hypoglycemia-induced C 
fiber firing causes TRPV1 voltage gating. This in turn releases 
CGRP and SP, triggering neurogenic inflammation with pain 

Variables
Group

P
A B

n 31 29 –

Sex (Male/
Female ratio)

6 (19.3)/ 
25 (80.6)

3 (10.3)/ 
26 (89.6)

0.285

Side (right/ 
left)

17 (54.8)/ 
14 (45.2)

14 (48.3)/ 
15 (51.7)

0.309

Age (years) 67.17±6.8 66.17±6.1 0.279 

Table 1. General characteristics of variables.

Data are shown as mean±standard deviation or n (percentage). 
P – independent-samples t test or chi-square test were used.
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Table 2. �Visual Analog Scale (VAS) and Western Ontario and McMaster Universities Arthritis Index (WOMAC) scores of 2 patient 
groups.

Variables
Group Difference 

(95% CI of difference)
P1A B

VAS_0 	 8.48±0.76a 	 8.44±0.68a 	 0.04	 (-0.41-0.34) 0.425

VAS_1mo 	 4.48±1.06b 	 5.93±0.75b 	 1.45	 (0.97-1.93) <0.001

VAS_3mo 	 2.32±0.97c 	 3.86±1.21c 	 1.54	 (0.97-2.11) <0.001

VAS_6mo 	 1.51±1.38d 	 2.89±1.47d 	 1.38	 (0.64-2.12) <0.001

P2 <0.001 <0.001

WOMAC_0 	 79.29±5.68a 	 80.62±5.77a 	 1.33	 (-1.63-4.29) 0.186

WOMAC_1mo 	 41.80±8.16b 	 54.62±7.1b 	 12.82	 (8.85-16.78) <0.001

WOMAC _3mo 	 24.32±6.52c 	 36.24±10.25c 	 11.92	 (7.51-16.33) <0.001

WOMAC _6mo 	 17.29±5.03d 	 25.72±7.09d 	 8.43	 (5.26-11.59) <0.001

P2 <0.001 <0.001

Time×group interaction effect for VAS scores (F=23.530; P<0.001).
Time×group interaction effect for WOMAC scores (F=11.503; P<0.001).

Variables
Group

95% CI of difference P1
A B

VAS 0-6 mo 	 -6.96±1.52 	 -5.55±1.50 	 1.41	 (0.63-2.20) <0.001

WOMAC 0-6 mo 	 -62.00±5.86 	 -54.90±7.88 	 7.1	 (3.53-10.68) <0.001

Measure of effect (change).

Variables
Group

P1
A B

Pain_0 16.35±1.8a 16.24±1.6a 0.401

Pain_1mo 8.83±2.0b 11.51±1.4b <0.001

Pain _3mo 4.7±2.0c 7.58±2.2c <0.001

Pain _6mo 3.09±2.4d 5.79±2.7d <0.001

P2 <0.001 <0.001

Stiffness_0 6.29±0.9a 6.37±0.82a 0.348

Stiffness _1mo 3.51±0.8b 4.73±0.5b <0.001

Stiffness _3mo 1.87±0.6c 2.93±0.91c <0.001

Stiffness _6mo 1.19±1.0d 2.1±1.1d <0.001

P2 <0.001 <0.001

Physical function _0 56.67±3.6a 58.0±4.39a 0.103

Physical function _1mo 29.51±5.7b 38.65±5.4b <0.001

Physical function _3mo 17.70±4.1c 25.72±7.2c <0.001

Physical function _6mo 13.87±4.2d 17.86±5.1d <0.001

P2 <0.001 <0.001

WOMAC subscores.

P1 – between-subject comparison; P2 – within-subject comparison.
a, b, c, d – in same column, different letters indicate statistically significant difference.
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and swelling of the nerve trunk. PIT injections have been suc-
cessfully used for chronic and recurrent pain. The injections 
target the perineural area, reducing pain and swelling of nerve 
trunks and restoring nerve function, relieving pain, and improv-
ing movement. It has been proposed that the instant analgesic 
result of 5% dextrose is due to an effect on glucose-sensitive 
tandem pore potassium channels restoring repolarization [37]. 
In the present study, we palpated the cutaneous nerves along 
their course to mark tender nerve entrapments in CCI points. 
We injected 5% dextrose subcutaneously in all CCIs and ten-
der points, providing significant reduction of pain scores and 
improved function compared with the control.

PIT has not been used before for CPSP. However, it was used 
for similar indications. First, Lyftogt used PIT with dextrose 
for the treatment of 300 patients with Achilles tendinopathy 
and achieved considerable pain control in these patients [20]. 
Abu-Zaid et al [38] used perineural injections for severe and 
moderate knee osteoarthritis in comparison with therapeutic 
continuous ultrasound and found that physical function, pain, 
ambulation, disability, and psychological status of the patients 
were better in perineural groups. Thor et al [39] treated 3 pa-
tients with complex regional pain syndrome (a patient with 
anterior talofibular ligament injury, a patient with shoulder 
injury, and a patient with a sustained traumatic amputation 
of fifth and fourth distal interphalangeal joints). All these pa-
tients benefited from the treatment and were able to actively 
participate in therapy and all of their symptoms were healed. 
In the present study, pain and functional scores of all patients 
in the PIT treatment group were better compared with those 
in the no-PIT treatment group. We believe that this therapeu-
tic method holds promise to be more effective in patients with 
similar indications.

Because of CPSP, some patients discontinue rehabilitation and 
their mobilization becomes limited. Therefore, joint stiffness 
and movement limitation develop. In some patients, the life-
time of the prostheses shortens and patients may need revi-
sion surgeries [8]. Proper management of CPSP is believed to 
improve clinical success, rehabilitation, and decrease disabili-
ty in this patient group [23]. In this context, we achieved sig-
nificant success not only in pain scores but also in functional 
scores compared with the control group. With its clinic effica-
cy, simplicity, cost effectiveness, and safety, PIT is a promising 
method in the management of postsurgical pain syndromes.

Various concentrations of dextrose solutions have been used 
successfully in the treatment of musculoskeletal problems for 
a long time [40-43]. Concentrations up to 25% dextrose (hy-
pertonic) have been used in most previous prolotherapy stud-
ies. In these studies, deep injections were applied to tendon-
bone attachments, and healing was achieved by regenerative 
effects of hypertonic dextrose [44-47]. In these studies, some 

of the patients reported extreme pain, discomfort, and fatigue 
after the injections because of the inflammatory reaction aris-
ing from high concentrations of dextrose [40,48]. Nowadays, 
lower concentrations of dextrose have been increasingly used 
in clinical practice. PIT is the most prominent treatment meth-
od in this context. Buffered 5% dextrose (isotonic) is injected 
into the perineural area to relieve chronic and recurrent pain. 
PIT targets sensory peptidergic C fibers, decreasing TRPV1 ac-
tivity and neurogenic pain. Repeated injections further improve 
neural functioning [37,49-51]. Lower concentrations of dextrose 
are also known to be effective in ligament-tissue healing. In 
an animal study, Jensen et al [52] showed that lower concen-
trations of dextrose provided proliferation without an inflam-
matory reaction. Güran et al [53] compared the effectiveness 
of lower and higher concentrations of dextrose solutions (low 
doses of 1%, 5%, and 10%, and high doses of 15%, 20%, and 
25%) in vitro using human fibroblast cultures. They showed 
that in high-dextrose concentrations, up to 80% of fibroblasts 
died because of toxic conditions. In low-dextrose concentra-
tions, on the other hand, gene expression of angiogenic and 
apoptotic factors in fibroblasts improved [53]. In the present 
study, none of the patients complained about excessive pain 
and fatigue. VAS and WOMAC scores were significantly better 
than those of the control group. We concluded that PIT pro-
vides excellent CPSP pain relief, rapid tissue healing, and func-
tional improvement without excessive inflammation.

There is concern in surgical branches that injection practices 
might increase infection in patients undergoing surgery [54]. 
Similar to the previous studies, infection rates due to dextrose 
injection were minimal in the present study. In some previous 
studies, dextrose was applied especially in patients who had 
undergone surgery, and complications such as infection, cel-
lulitis, or septic joint were not observed [55]. In the present 
study, infection occurred within the first 3 weeks in all groups 
before the injections. Two patients were completely cured be-
fore the injections in group B. We did not observe any indi-
cation of an injection-related infection in any of the patients. 
Therefore, and also in light of the literature, it could be safe 
to conclude that dextrose would not increase the risk of in-
fection in patients undergoing surgery.

In the present study, fair or poor outcomes were obtained with 
only 2 patients (6.4%) in group B and 3 patients (poor: n=1 and 
fair: n=2) (10.3%) in group A. None of these patients experi-
enced any serious complications such as bleeding, infection, 
cellulitis, or septic joint. In the literature, many factors asso-
ciated with dissatisfaction such as comorbidity, psychological 
causes, and neuropathic pain were described in patients with 
knee prostheses [56,57]. Dissatisfaction rates between 10 to 
20% were reported in previous studies [58-60]. What was ob-
served for group A in the present study was similar to the ra-
tios in previous reports. For group B in the present study, these 
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ratios were lower. We assumed that PIT made positive contri-
butions to success rates of TKA.

Limitations of the present study were its retrospective design, 
small sample size, relatively short follow-up periods, and lack 
of a placebo control group. Because of the retrospective de-
sign of the study, causal relationship between an intervention 
and observed outcomes could not be established. The effects 
of perineural injections were part of a combined treatment, 
so their isolated effects could not be determined. There was 
no placebo group, so the improvement in pain over time and 
function could only be explained by the natural history of pain 
after knee replacement. Patients were not blind to the treat-
ment. Thus, expectation and nonspecific effects of PIT may 
have contributed to treatment effects. Therefore, more de-
tailed studies with larger cohorts and longer follow-up peri-
ods could be useful.

Conclusions

Our study may be the first step in the exploration of an un-
discovered field. Many therapeutic effects of dextrose injec-
tions have been described in the literature, indicating a variety 
of underlying mechanisms. Dextrose injections are promising 
in CPSP with their lower costs, simple and secure injection 
procedures, minimal side effects, and higher clinical efficacy.
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