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Abstract

Background: Lateral epicondylitis (LE) is a common disorder causing pain and functional limitations especially in
athletes and manual workers. There is a growing interest in regenerative injection therapies in chronic LE. One of
those suggested is perineural injection (PNI) therapy. The present study aims to find out the efficacy of PNI therapy
in the treatment of chronic LE as compared to therapeutic ultrasound (TUS) and to detect if any changes have
happened after treatment to the common extensor tendon (CEO) as detected by diagnostic ultrasound (US)
examination.

Results: Statistical analysis between the 2 groups at the start of the study as regards age, sex, and clinical
parameters including visual analog scale (VAS), tenderness grading scale, and Patient-Rated Tennis Elbow Evaluation
(PRTEE) Questionnaire revealed a non-significant difference between both groups (p > 0.05). After 12 weeks, within-
group analysis showed significant improvement in all clinical outcome measures in both groups compared to the
initial assessment.

Between-group analysis after 12 weeks showed that the tenderness grading scale and PRTEE score had more
significant improvement in the PNI therapy group. However, the two groups were comparable regarding VAS.
Within-group US evaluation at the 12th week post-treatment showed a highly significant decrease in hypoechoic
areas (p < 0.001) and a decrease in distributed fibrillar pattern in PNI group, while the TUS group demonstrated a
significant decrease in hypoechoic areas and tendon thickness (p < 0.005). Between-group US evaluation after 12
weeks showed no significant difference in all assessed US parameters. No complications were observed in both
groups.

Conclusions: A short-term follow-up regimen of 1 session/week of PNI therapy is significantly more effective than
3 sessions/week of TUS regarding the improvement of pain and functional status. Yet both therapeutic modalities
were able to produce significantly positive structural changes in the CEO. The current study highlights the
neurogenic inflammation as the primary pain generator in chronic LE and the advantage of its treatment with PNI
therapy in chronic and refractory cases.
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Background

Lateral elbow pain is a very common disorder affecting
both athletes and office workers, with a strong relation
to trauma and hard labor activities [1]. Lateral epicon-
dylitis (LE) pathology was described as a chronic degen-
eration of the wrist extensor tendons including their
attachment at the lateral epicondyle of the humerus [2].
Despite its relatively high prevalence, there is no consist-
ent algorithm of management. It was found that most
cases are self-limiting and well-managed with simple
pain medication [2]. However, dominant arm affection,
manual work, and longer duration of symptoms are usu-
ally associated with a poor prognosis [3].

Conservative therapies in acute and sub-acute cases of
LE include rest, non-steroidal anti-inflammatory drugs
(NSAIDs), physical therapy (removed), shockwave ther-
apy, braces, therapeutic ultrasound (TUS), low-level laser
therapy (LLLT), and steroid injection [4]. Recent biologic
therapies, including autologous whole-blood injections
(ABIs), platelet-rich plasma (PRP), and stem cell therapy,
are also considered for the non-surgical management of
LE [4].

A growing interest has been developed in the perineu-
ral injection (PNI) therapy or neural prolotherapy [5]. A
neuropathic inflammation was suggested by Reeves and
Lyftogt [5, 6], which is produced by special small sensory
nerves that are protein-producing “peptidergic”. These
nerves normally produce proteins that can be healing or
damaging. Dextrose injection in low concentration (5%)
was claimed to reduce neuropathic inflammation.

In PNI therapy, 5% dextrose is injected around the
superficial sensory nerves. This leads to pain relief, re-
gression of soft tissue edema, and relief of chronic con-
striction insertion (CCI), restoring the flow of normal
nerve growth factor flow, stimulating nerve repair, and
providing immediate analgesic effect lasting from hours
to days [6].

It was found that TUS provides modest pain reduction
in LE over 1 to 3 months [7]. Most of the studies evalu-
ating the modalities used in the treatment of LE were
assessed by subjective pain scores and none of them
used besides objective assessment tools. The present
study aimed to investigate the short-term clinical and
radiologic effectiveness of PNI therapy versus TUS in
patients with chronic LE in producing structural changes
in the common extensor tendon (CEO) corresponding
to the clinically subjective improvement of pain score.

Methods
The Ethical Committee of our university approved the
present study, and all patients signed informed consent
before participation.

This was a prospective randomized controlled clinical
study conducted at the outpatient’s clinic of the Physical
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Medicine, Rheumatology, and Rehabilitation Department
from December 2018 to March 2020. Randomization
was allocated by the numbered envelope method. Partic-
ipants were included if they had a clinical diagnosis of
LE, defined as pain on the lateral side of the elbow for at
least 6 months duration as well as the failure of at least
one of the conservative treatments of LE such as the in-
take of NSAIDs and PT. The diagnosis of LE was proved
if there was local tenderness just anterior and distal to
the lateral epicondyle and positivity of any of the follow-
ing provocative tests [8, 9]:

1. Cozen's test. The examiner stabilizes the patient’s
forearm and asks the patient to make a fist, pronate
the forearm, and extend the wrist towards radial
deviation, whereas the physician resists this motion.
Pain at the lateral epicondyle indicates a positive
test.

2. Mill’s test. The examiner palpates the lateral
epicondyle with one hand, using the other hand to
pronate the patient’s forearm, fully flex the wrist,
and extend the elbow joint.

3. Maudsley's test. The examiner makes a resisted
extension of the patient’s middle finger with the
elbow in full extension and the forearm in
pronation [8, 9].

All patients in both groups were evaluated using clin-
ical assessment scales as well as musculoskeletal US
evaluation before and 12-weeks post-intervention.

Exclusion criteria included corticosteroid injection
within the past 3 months and other medical or physical
treatments within the last month, previous elbow sur-
gery or trauma, systemic inflammatory diseases, preg-
nancy or breast-feeding, infection at the injection site,
clinical evidence of other primary sources of lateral
elbow pain, malignancy, diabetes, thyroid dysfunction,
hemophilia, neurological deficits in the ipsilateral upper
limb, and cognitive dysfunction.

The sample size was initially calculated on the col-
lected 46 cases, with a confidence level of 90% and a
10% margin of error; the ideal sample was 28 cases
(http://www.quattrics.com).

According to the treatment modality, the allocated pa-
tients were randomly divided into two equal groups.
They were instructed to avoid the use of non-trial treat-
ment modalities. Participants were instructed to avoid
anti-inflammatory medications during treatment and to
stop these medications 48-72h before starting (remove
this sentence) while treated by either therapy modalities.
Non-prescription analgesics as Panadol were permitted
as required.

A matched block method was performed to generate
the random sequence of envelope allocations. Each block
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allocation was assigned using simple randomization.
Then, this block sequence is repeated via swapping the
order of the two treatment groups, giving an equal num-
ber of patients in both groups over the matched block.
The block size was selected randomly to be 5, 10, or 15
to prevent sequence anticipation. A random number
generator within the statistical analysis package SPSS
was used to provide the random sequence for these
blocks.

Thereafter, allocations were printed onto cards and
then sealed in sequentially numbered envelopes and pro-
vided to participating clinicians. Once a patient has con-
sented to enter the study, an envelope is opened and the
patient is then offered the allocated treatment regimen.

PNI therapy group

In this group, we used 500 ml of 5% dextrose buffered
with 2.4 ml sodium bicarbonate 8.4% for injection. At
each session, the elbow was palpated for tender points
along the course of cutaneous branches of radial and
musculocutaneous nerves around the lateral epicondyle
followed by good sterilization with alcohol. Each tender
point was injected at subcutaneous tissue level with 0.5
1 ml of buffered glucose 5% per injection point with in-
sulin syringe in the tender points around the lateral epi-
condyle, at weekly intervals between injections for 8
settings [10]. No side effects were reported in our pa-
tients apart from pain at the injection site that is relieved
within a few hours post-injection without taking any
analgesic.

TUS group

The ultrasound device used was ENRAF NONUS, with
1cm? transducer, at 1.5 W/cm? and 3 MHz frequency,
with a continuous mode on the painful area for 5 min
once/day, 3 days/week, for 12 sessions in total [11].

Outcome assessment

The primary outcomes assessed in this study were the
Patient-Rated Tennis Elbow Evaluation (PRTEE) score
[12, 13] and musculoskeletal US evaluation. PRTEE
score is a validated patient outcome measure specifically
designed for LE. It is used to assess pain severity and
functional disability. It is a 15-item questionnaire includ-
ing a 5-item pain subscale and a 10-item function sub-
scale for assessment of affected limb during the previous
week.

Patients were asked to rank the degree of their pain
during activities using a scale from 0 to 10, with a 10
score representing the worst pain. Also, higher scores on
the function scale correspond to more difficulty accom-
plishing activities of daily living [12, 13].

Secondary outcomes included the tenderness grading
scale [14] and the visual analog scale (VAS) for
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assessment of pain [15]. Tenderness grading scale grad-
ing is as follows: 0 = no tenderness, I = tenderness to
palpation without grimace or flinch, II = tenderness with
grimace and/or flinch to palpation, III = tenderness with
withdrawal (+ “Jump Sign”), and IV = withdrawal (+
“Tump Sign”) to non-noxious stimuli (i.e., superficial pal-
pation, pinprick, gentle percussion) [14]. In the VAS, the
patient is asked to rate the intensity of lateral elbow pain
using a 10-cm line where zero points to no pain and 10
points to the worst pain [15].

The musculoskeletal US was done using a high-quality
ultrasound scanner (General Electric); model LOGIC P5
with a multi-frequency linear probe (5-12 MHz) was
used to scan the common extensor tendon origin
(CETO) by both greyscale and power Doppler US.
Transverse and longitudinal scans were done according
to the European League Against Rheumatism (EULAR)
guidelines. The grayscale US with standardized B-mode
image settings (frequency, depth, and gain were ad-
justed). The primary findings in case of tendinopathy in-
cluded tendon enlargement, hypoechoic areas that
represent collections of micro-tears, calcification, irregu-
lar bone growth, cortical bony lesions as bone irregular-
ities, bone erosions, osteophytes, and enthesophytes.
These findings give the tendinous insertion a diffused
heterogeneous appearance that points towards the diag-
nosis of LE [16]. The thickness of the common extensor
tendon (CET) was measured on the longitudinal image
putting in consideration to show best anatomical details
of the tendon using a 5-mm distance from the radio-
humeral joint margin as the standard reference point,
where the tendon thickness was measured on a longitu-
dinal scan in which a perpendicular line is traced be-
tween the tendon surface and the cortical bony interface
of lateral epicondyle [16, 17].

Moreover, standardized power Doppler US settings
(Doppler frequency 5MHz, the pulse repetition fre-
quency of 800 Hz, wall filter 85Hz, gain 22.5%) was
done for detection of neovascularity within the same re-
gion. We used absent or present (0/1) score for each US
finding including the U/S assessment of CET for pres-
ence or absence of hypoechoic areas, heterogenecity
(disturbed fibrillar pattern), tendon thickness, presence
of osteophytes, enthesophytes, calcifications, bone ir-
regularities, and power Doppler signals [18].

All patients in both groups were evaluated using clin-
ical assessment scales as well as musculoskeletal US
evaluation before and 12-weeks post-intervention.

Statistical analysis

Data were collected and analyzed by Statistical Package
for Social Science (IBM SPSS) version 20. The qualita-
tive data were analyzed using the Chi-square test and/or
Fisher exact test. An independent t test was used for
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quantitative data. The p value was considered non-
significant if p > 0.05, significant if p < 0.05, highly sig-
nificant (HS) if p < 0.01, and very highly significant if p
< 0.001.

Results

This study was conducted on 30 patients divided equally
into two groups. The flow chart of patients is demon-
strated in Fig. 1. We found no significant difference in
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demographic and clinical data between both patients’
groups (Table 1). The pre-treatment clinical and ultra-
sonographic findings were statistically comparable in
both groups (Table 2).

Post-intervention in the PNI therapy group, all clinical
scores were very highly significantly lower than corre-
sponding values before treatment (p value <0.001).
Meanwhile, ultrasonographic re-evaluation showed a
very highly significant decrease in presence of CET
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Table 1 Comparison of demographic and clinical data between both patients’ groups
Demographic and clinical data Group |, PNI therapy (N = 15) Group ll, TUS therapy (N = 15) p value Significance
Mean sD Mean sD
Age 4440 1045 47.80 1076 0.39 NS
Disease duration (months) 11.80 762 1760 15.65 021 NS*
Median 12 11
N % N %
Sex
Male 1 667 2 1333 0543 NS?
Female 14 93.33 13 86.67
Occupation
Manual 13 8667 12 80 1 NS?
Non-manual 2 1333 3 20
Dominant hand
Right 14 93.33 14 93.33 1 NS
Left 1 6.67 1 6.67
Affected elbow
Right 9 0.60 8 053 0713 NS’
Left 6 040 7 047
Cozen'’s test
Positive 13 86.67 12 80 1 NS’
Negative 2 1333 3 20
Mill’s test
Positive 10 66.67 11 7333 1 NS
Negative 5 3333 4 26.67
Modsley’s test
Positive 9 0.60 8 053 0713 NS’
Negative 6 040 7 047

Statistical methods used “Student t test, "Chi-square test, and Fisher exact test

The p value was considered non-significant (NS) if p > 0.05, significant (S) if p < 0.05, highly significant (HS) if p < 0.01, and very highly significant (HS) if p < 0.001.
The table showed no significant difference in demographic and clinical data between both patients’ groups (p > 0.05)

hypoechoic areas (p value <0.001) and a significant de-
crease in the disturbed fibrillar pattern (p value = 0.025)
(Table 3, Figs. 2 and 3).

In the TUS therapy group, all clinical scores were very
highly significantly lower than the corresponding values
before treatment (p value < 0.001). As regards ultrasono-
graphic findings post-intervention, the presence of CET
hypoechoic areas were significantly decreased (p value =
0.02) and the tendon thickness was significantly dimin-
ished as compared to pre-treatment values (p value =
0.026) (Table 4, Figs. 4 and 5).

On comparing post-intervention outcome measures in
both groups, it was found that the tenderness grading
scale and PRTEE score were more significantly de-
creased in PNI therapy group than in the TUS therapy
group (p values 0.043 and 0.025), respectively. Mean-
while, VAS was statistically comparable in both groups.

Similarly, US findings were statistically comparable in
both groups post-treatment (Table 5).

Discussion

In the current study, both methods seem to be an inde-
pendently valid option for the treatment of lateral epi-
condylitis; the more significant clinical effect was found
for the PNI therapy in improving the tenderness grading
scale and PRTEE score when compared to the TUS in
the short-term follow-up, while the decrease in pain
score and radiological improvements were comparable
in both groups post-intervention.

Our results in the PNI therapy group are comparable
to those of Lyftogt’s study, where he used subcutaneous
prolotherapy for treatment of refractory lateral elbow
pain and found a significant reduction in VAS with
100% patient satisfaction rate [10].
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Table 2 Comparison of tenderness grading scale, pain intensity measured by VAS scale, PRTEE score, and US findings before
treatment in both groups

Clinical scores PNI therapy group (pre-treatment) TUS therapy group (pre-treatment) p Significance
(n=15) (n=15) value
Tenderness grading scale [median 2 (1-3) 2 (2-3) 0.15 NS*
(range)]
VAS [median (range)] 8 (4-10) 8 (5-10) 0.71 NS*
PRTEE score (mean + SD) 53.29 + 15.69 48.13 + 9.58 0.29 NS*
US findings US findings pre-treatment (PNI US findings pre-treatment (TUS p Significance
group) group) value
Hypoechoic area in CET (+ve/—ve) no. 14/1 13/2 1 NS®
Disturbed fibrillar pattern (+ve/—ve) 9/6 11/4 0439 NS'
no.
Tendon thickness (cm) (mean + SD) 0.534 + 0.043 0.549 + 0.072 0482 NS
Enthesophyte (+ve/-ve) no. 9/6 8/7 0713 NS'
Osteophyte (+ve/—ve) no. 41 3/12 1 NS®
Calcification (+ve/—ve) no. 4/ 3/12 1 NS®
Bone surface irregularity/erosion (+ve/ 8/7 10/5 0456  NS'
—ve) no.
Tendon tear (+ve/-ve) no. 114 1/14 1 NS®
Power Doppler signal (+ve/-ve) no. 4/11 4/11 1 NS?

Statistical methods used "Chi-square test, *Student t test, and SFisher exact test

CET common extensor tendon

The p value was considered non-significant (NS) if p > 0.05, significant (S) if p < 0.05, highly significant (HS) if p < 0.01, and very highly significant (HS) if p < 0.001
The table showed a non-significant difference in the pre-treatment clinical and ultrasonographic findings in both patient groups (p > 0.05)

Table 3 Comparison of tenderness grading scale, pain intensity measured by VAS scale, PRTEE score, and US findings before and
after treatment in PNI therapy group

Clinical scores PNI therapy group PNI therapy group (post- p value Significance
(pre-treatment) (n = 15) treatment) (n = 15)
Tenderness grading scale [median (range)] 2 (1-3) 1(0-2) <0.001 Very HS°
VAS [median (range)] 8 (4-10) 2 (1-5) <0.001 Very HS°
PRTEE score (mean + SD) 5329+ 1569 244 £11.86 <0.001 Very HS°
US findings US findings pre- US findings post- p value Significance
treatment (PNI group) treatment (PNI group)
Hypoechoic area in CET (+ve/—ve) no. 14/1 3/12 <0.001 Very HS®
Disturbed fibrillar pattern (+ve/—ve) no. 9/6 3/12 0.025 st
Tendon thickness (cm) (mean + SD) 0.53 £ 0.04 0.53 £ 0.04 0.131 NS
Enthesophyte (+ve/-ve) no. 9/6 8/7 0.713 NS?
Osteophyte (+ve/—ve) no. 4/ 4/11 1 NS®
Calcification (+ve/-ve) no. 4/11 3/12 1 NS®
Bone surface irregularity/erosion (+ve/-ve) no. 8/7 8/7 1 NS?
Tendon tear (+ve/—ve) no. 1/14 1/14 1 NS®
Power Doppler signal (+ve/-ve) no. 411 0/15 0.1 NS?

Statistical methods used °paired Student t test, "Chi—square test, “Student t test, and SFisher exact test

CET common extensor tendon

The p value was considered non-significant (NS) if p > 0.05, significant (S) if p < 0.05, highly significant (HS) if p < 0.01, and very highly significant (HS) if p < 0.001
All clinical scores were very highly significantly lower than corresponding values before treatment (p value < 0.001). Ultrasonographic evaluation post-PNI
treatment showed a very highly significant decrease in the presence of CET hypoechoic areas (p value < 0.001) and a significant decrease in the disturbed fibrillar
pattern (p value = 0.025)
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epicondyle; RT, right common extensor origin

Fig. 2 US picture showing hypoechoic area and disturbed fibrillar pattern of Rt. CEO tendon in a patient before PNI treatment. LE, lateral

Besides, the results of the PNI group matched with
those of 3 previous studies using dextrose deep pro-
lotherapy in the treatment of LE as regards improvement
of pain [19-21].

Also, evidence of tendon healing was observed via US
imaging as diffuse fibrillar patterns in previously an-
echoic lesions and areas of hyper-vascularity [21].

PNI therapy therapeutic effect is based on the concept
of Bystander disease that explains how superficial nerve
pathology can affect deeper anatomic structures [22, 23].

Bystander disease is based on “Hilton’s law” that states
that the nerve supplying a joint also supplies both the
muscles that move the joint and the skin covering the
articular attachment of those muscles. The musculocuta-
neous nerve supplies pain and proprioception to the
elbow and at the same time, it is the nerve supply to the
biceps brachii and brachialis muscles, as well as the skin
close to the attachments of these muscles [22, 23].

Hilton’s law explains how the healing of a superficial
nerve pathology through PNI can improve the

RT CEO

lateral epicondyle; RT, right common extensor origin

Fig. 3 US picture showing improvement of hypoechogenicity and fibrillar pattern of Rt. CEO tendon in the same patient after PNI treatment. LE,
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Table 4 Comparison of tenderness grading scale, pain intensity measured by VAS scale, PRTEE score, and US findings before and

after treatment in TUS therapy group

Clinical scores TUS therapy group (pre- TUS therapy group (post- p value Significance
treatment) (n = 15) treatment) (n = 15)
Tenderness grading scale [median (range)] 2 (2-3) 2 (1-3) <0.001 Very HS°
VAS [median (range)] 8 (5-10) 2 (1-7) <0.001 Very HS°
PRTEE score (mean + SD) 4813 +£9.58 3327 + 840 <0.001 Very HS°
US findings US findings pre-treatment US findings post-treatment p value Significance
(TUS group) (TUS group)
Hypoechoic area in CET (+ve/-ve) no. 3/12 7/8 0.020 s°
Disturbed fibrillar pattern (+ve/—ve) no. 11/4 7/8 0.136 NS®
Tendon thickness (cm) (mean + SD) 0.55 + 0.07 0.53 £ 0.07 0.026 s
Enthesophyte (+ve/-ve) no. 8/7 7/8 0715 NS®
Osteophyte (+ve/—ve) no. 3/12 3/12 1 NS®
Calcification (+ve/~ve) no. 3/12 2/13 1 NS®
Bone surface irregularity/erosion (+ve/—ve) no. 10/5 9/6 0.705 NS*
Tendon tear (+ve/—ve) no. 1714 1/14 1 NS®
Power Doppler signal (+ve/-ve) no. 4/11 1/14 0.330 NS*

Statistical methods used ®paired Student t test, "Chi-square test, “Student t test, and SFisher exact test

CET common extensor tendon

The p value was considered non-significant (NS) if p > 0.05, significant (S) if p < 0.05, highly significant (HS) if p < 0.01, and very highly significant (HS) if p < 0.001
All clinical scores were very highly significantly lower than the corresponding values before treatment (p value < 0.001). Ultrasonographic findings post-
intervention showed a significantly decrease of CET hypoechoic areas (p value = 0.02) the tendon thickness as compared to pre-treatment values (p value = 0.026)

endogenous structure of CEOT as we found in US
evaluation post-intervention [23]..

The transition from acute to chronic pain in LE is
characterized by the release of pain-producing neuro-
peptides including substance P and calcitonin gene-
related peptide (CGRP). Activated C fibers producing

these neuropeptides in a process termed neurogenic in-
flammation which is characterized by an absence of leu-
kocytes [24].

Neurogenic inflammation was first termed “inflamma-
tory neuritis” by Dr. George Hackett [25, 26]. Peptidergic
sensory nerves are important for maintaining the health

extensor origin

Fig. 4 US picture showing disturbed fibrillar pattern of Rt. CEO tendon of a patient before US treatment. LE, lateral epicondyle; RT, right common
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extensor origin

Fig. 5 US picture showing nearly normal fibrillar pattern of CEO of the same patient after US treatment. LE, lateral epicondyle; RT, right common

and renewal of joint structures, as tendons and liga-
ments. These nerves are sensitized due to trauma, injury,
or constriction and represent sites of neurogenic inflam-
mation [27, 28].

It was found that dextrose 5% injections at the
sites of sensitized nerves can completely eliminate
pain from neurogenic inflammation through inhib-
ition of transient receptor potential vanilloid 1

(TRPV1) receptors through the stoppage of sub-
stance P and CGRP, which are known to induce
pain and swelling of the nerve and/or surrounding
tissues [29]. Given that sensorimotor changes have
been consistently demonstrated in LE [30], PNI of
the radial nerve and its branches could be a reason-
able alternative option for patients with refractory
LE.

Table 5 Comparison of tenderness grading scale, pain intensity measured by VAS scale, PRTEE score, and US findings after

treatment in both groups

Clinical scores PNI therapy group TUS therapy group p value  Significance
(post-treatment) (n = 15) (post-treatment) (n = 15)
Tenderness grading scale [median (range)] 1(0-2) 2 (1-3) 0.043 S
VAS [median (range)] 2 (1-5) 2(1-7) 0.234 NS
PRTEE score (mean * SD) 2440 +11.86 33.27 £ 840 0.025 s
US findings US findings post-treatment US findings post-treatment  p value
(PNI group) (TUS group)
Hypoechoic area in CET (+ve/—ve) no. 3/12 7/8 0121 NS®
Disturbed fibrillar pattern (+ve/—ve) no. 3/12 7/8 0.121 NEY
Tendon thickness (cm) (mean + SD) 0.529 + 0.044 0.529 + 0.067 1 NS
Enthesophyte (+ve/-ve) no. 8/7 7/8 0.715 NS?
Osteophyte (+ve/—ve) no. 4/ 3/12 1 NS®
Calcification (+ve/~ve) no. 3/12 2/13 1 NS®
Bone surface irregularity/erosion (+ve/-ve) no. 8/7 9/6 0.713 NS*
Tendon tear (+ve/—ve) no. 1/14 1/14 1 NS®
Power Doppler signal (+ve/-ve) no. 0/15 1/14 1 NS?

Statistical methods used "Chi—square test, *independent t test, and SFisher exact test

CET common extensor tendon

The p value was considered non-significant (NS) if p > 0.05, significant (S) if p < 0.05, highly significant (HS) if p < 0.01, and very highly significant (HS) if p < 0.001
The table showed that the tenderness grading scale and the PRTEE score were more significantly decreased in PNI therapy group than in the TUS therapy group
post-intervention (p values 0.043 and 0.025), respectively. The VAS and US findings manifest a statistically non-significant differences in both

groups post-treatment
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In the TUS group, the results are in agreement with
those of Murtezani et al. [31], who observed that thera-
peutic exercise combined with TUS was effective in the
intermediate- and long-term treatment of patients with
LE. Also, our study results go with those of Langen-
Pieters et al. [32], who reported significant effects of pain
reduction and functional improvement in favor of con-
tinuous ultrasound therapy versus chiropractic therapy.

TUS produces thermal and mechanical effects on the
target tissue leading to increased metabolism, circula-
tion, extensibility of connective tissue, and tissue regen-
eration. It was suggested that TUS provides modest pain
reduction over 1 to 3 months in LE [7].

On US assessment, lateral epicondylitis appears as ten-
don enlargement and heterogeneity. Tears may be seen
as hypoechoic areas with adjacent discontinuity and may
be partial or full-thickness tears [33]. Neovascularization
occurring in a tear could be visualized with power Dop-
pler US [34].

Post-intervention U/S assessment was comparable in
both groups, where the PNI group showed a highly sig-
nificant decrease in the presence of CET hypoechoic
areas and a significant decrease in a disturbed fibrillar
pattern when compared to the pre-treatment US assess-
ment. While the US group showed a significant decrease
in CET hypoechoic areas and tendon thickness.

The ultrasonic assessment was previously done by
Kang before and 1 month after the treatment of 12 pa-
tients with LE with five sessions of 15% dextrose pro-
lotherapy. After dextrose prolotherapy, all of the
ultrasounds showed improvements in a pattern in the
form of filling in of the anechoic foci with fibrillar pat-
tern and smaller anechoic foci indicating the repair of
the torn or degenerated extensor tendons [35]. This
technique used dextrose injection but the injection was
directed to the tendon itself (deep prolotherapy) which
may be somehow painful to the patient and it did not
target the neural innervation of the LE like the perineu-
ral injection and its regenerative effect is directed to the
tendon itself, while our study used only 5% glucose
which was directed to the branches of the radial nerves.

To the best of our knowledge, no similar studies have
used the same clinical outcome measures and ultrasono-
graphic evaluation in the assessment and follow-up of
PNI of LE. Also, no recent studies addressing the use of
PNI therapy in the treatment of chronic LE are done.
However, a recent study of Apaydin et al. found that
both hyaluronic acid and dextrose prolotherapy injec-
tions were effective in reducing pain and improving grip
strength and function in patients with chronic LE. They
reported that dextrose prolotherapy injection was more
effective in terms of pain relief and functional outcome
in the short term as compared to hyaluronic acid injec-
tion [36].
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Also, the study of Waglee et al. addresses the use of
ultrasound-guided  perineural anesthetic injections
around the posterior antebrachial cutaneous nerve in
chronic and refractory LE. An average pain relief dur-
ation was 26.5days in the patient group that received
local anesthetic injection combined with corticosteroid
compared to an average duration of 15h post-injection
in the group that received an only local anesthetic injec-
tion. Both previous studies are using different modalities
of treatment in chronic LE than our study [37].

The small sample size is considered the main limita-
tion of the present study. So there was a chance of a type
1 error when comparing outcomes. Additional larger
studies are needed to further examine the efficacy of
PNI therapy in chronic LE. Another limitation is that we
did not measure the difference as regards age, gender,
occupation, dominant, and affected arm side in response
to the used procedures. We consider this a limitation of
our study and recommend further studies to address the
effect of these factors on the patients’ response to
treatment.

The perineural injection could have resulted in regen-
eration of the nerve supply to the affected LE which
caused relief of pain and increase in function and regen-
eration of the diseased enthesis helping the regenerating
fibers to realign in its proper direction as pain decreases
and function improves with therapy. It may also have
caused hydro-dissection of the small sensory fibers
which would probably result in a decrease in the nerve
edema and swelling and stimulated their regenerative
power which would have led to amelioration of the
neurogenic inflammation.

Conclusions

PNI therapy is a safe, low-cost, and effective method that
improves pain and functional status in patients with
chronic LE. PNI therapy is significantly more effective
than TUS regarding tenderness and functional status im-
provement. Yet both therapeutic modalities were effect-
ive in improving the pain and producing positive
structural changes in the CEO. The current study high-
lights neurogenic inflammation as an important possible
generator of pain in chronic LE.
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