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rich plasma and corticosteroid injection
therapies in patients with Carpal tunnel
syndrome: a prospective randomized
controlled study
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Abstract

Background: Carpal tunnel syndrome (CTS) is the most common upper limb entrapment neuropathy caused by
compression of the median nerve as it traverses the wrist at the carpal tunnel.

Objectives: To compare the effect of single dose of platelet-rich plasma (PRP) injected locally with that of
corticosteroid in patients with CTS.

Subjects and methods: A total of 60 patients with very mild to moderate unilateral CTS were recruited to the
study. PRP was prepared via two centrifugation procedures. The patients were randomly divided into three groups
PRP [i] group, PRP [ii] group, and a third group that received local corticosteroid injection (CS). The patients were
followed up at 1.5 and 3months by visual analog scale (VAS) for pain assessment. The severity and functional
outcomes were evaluated through Boston CTS, and neurophysiological analyses were carried out.

Results: On comparing the PRP [i], PRP [ii], and CS groups, a statistically significant enhancement of all outcome
variables was observed in both PRP groups at follow-up except VAS at 3 and 6months (P = 0.073 and P = 0.068,
respectively) in PRP [ii] group.

Conclusion: In CTS, PRP was a better treatment alternative with respect to pain and functional outcome. In
addition, it was associated well with improved neurophysiological values than those observed after corticosteroid
injection.

Trial registration: Zagazig University, ZU-IRB#5014. Registered 18 December 2018, http://www.IRB_123@medicine.
zu.edu.eg. ISRCTN Registry, ISRCTN16755281; 20 March 2020

Keywords: Pain assessment, Platelet-rich plasma, Corticosteroid injection, Treatment alternative, Carpal tunnel
syndrome, Outcome
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Introduction
Carpal tunnel syndrome (CTS) is a very well-known and
frequent form of nerve entrapment [1, 2]. CTS is a neur-
opathy caused by the entrapment of the median nerve at
the wrist in a tunnel, delimitated by the carpal bones
and by the transverse carpal ligament [3], and accounts
for 90% of all entrapment neuropathies [4]. High pres-
sure on the median nerve produces gradual ischemia of
the nerve in addition to inflammation of the intra-carpal
tendon which produces intra-carpal swelling causing in-
creased compression of median nerve [5].
While a variety of surgical and nonsurgical methods are

available to treat CTS, majority of patients seek conserva-
tive treatment before going for surgery. However, conserva-
tive treatment options such as magnet therapy, ultrasound,
yoga, hand splints, or chiropractic treatment do not show
any significant improvement in symptoms when compared
to a placebo or control [6]. The use of steroid injections has
been under significant scrutiny in research focusing on the
conservative treatment of CTS [7]. A systematic review by
Marshall and colleagues reported that steroid injections
given to patients with clinical CTS elicited a greater clinical
improvement in symptoms 1month after the injection
compared to a placebo, whereas corticosteroid injections
alone have not demonstrated a long-term effect on pain or
function [8]. There is a lack of consistency in treatment
success reported in the literature, thus, it is important to in-
vestigate new nonsurgical techniques for the treatment and
recovery of patients with CTS.
Local injection of platelet-rich plasma (PRP) has re-

cently gained attention as a potential treatment for CTS.
For PRP injections, the patient’s blood is collected and
centrifuged to achieve a very high concentration of
platelets, then, this plasma is injected into the entrap-
ment area [9]. This injection saturates the damaged tis-
sue with supra physiological levels of growth factors to
promote wound healing, angiogenesis, and improve
axonal regeneration. The high concentration of platelets
in PRP than in whole blood was shown to have a greater
effect on the repair process [10].
The platelets concentration in the therapeutic PRP

should be 4 to 6 times greater than that of whole blood.
The concentrations less than this may be ineffective or
contrarily lead to suppression of the healing process [11].
Marx and colleagues stated the importance of double-

centrifugation technique to truly concentrate platelets
from autologous blood [12]. On the other hand, Anitua
[13] used a single-spin technique and demonstrated im-
provement and acceleration in bone regeneration as well
as more rapid and predictable soft tissue healing in sites
designated for implants that were treated with PRP des-
pite the number of platelets. Likewise, other authors
have also reported obtaining platelet concentrations of
356% through the single spin technique [14].

This study aimed to compare the effects of a single
PRP injection prepared using either the single or double
centrifugation protocol versus corticosteroid injection
on pain relief and functional outcome in the CTS
treatment.

Methods
This was a prospective, blind randomized, comparative
study on 60 patients with CTS referred to the Neurology
Department, Zagazig University Hospitals, Egypt, between
January and June 2019. Inclusion criteria were patients >
18 years suffering from mild to moderate unilateral CTS
with the participant ready to have either a corticosteroid
or PRP injection.
The following exclusion criteria were severe or bilateral

CTS, previous steroid injection for CTS, use of cortico-
steroid or anticlotting drugs, wrist surgery, polyneurop-
athy, cervical spondylosis, brachial plexopathy, thoracic
outlet syndrome, thrombocytopenia, platelet dysfunction,
diabetes mellitus, uncontrolled hypothyroidism, renal or
hepatic disease, pregnancy, rheumatologic disorders, psy-
chiatric disorders, or serious mental stress.
The medical history of all 60 patient participants of

our study were taken, physical examination through
Tinel’s sign and Phalen’s test and pain assessment by vis-
ual analog scale (VAS) reported by the patient, ranging
from zero (no pain) to ten (maximum pain) [15]. The
diagnosis was confirmed by the electrophysiological
study as per the American Association of Electrodiag-
nostic Medicine protocol [16], by an EMG machine
(Nemus, Biomedica, Model number 00655, Galileo NT
software version 3.71/00, Italy).
According to the neurophysiological grading for CTS,

patients were classified as follows: very mild (grade 1),
CTS confirmed only with most sensitive tests (inching,
combined sensory index, palm/wrist median/ulnar com-
parison); mild (grade 2), only orthodromic sensory nerve
conduction velocity slow at < 40m/s with normal ter-
minal motor latency; moderate (grade 3), motor terminal
latency > 4.5 ms and < 6.5 ms with preserved sensory
nerve action potential of the index finger [17]. The nerve
conduction study was repeated twice for all patients at
1.5 months and at 3 months after injection.
The patients were randomly categorized in 1:1:1 ratio

into three groups PRP [i] group, PRP [ii] group, and a
third group (CS) that received local corticosteroid injec-
tion. Randomization was done by an independent re-
searcher via computer-generated randomization of study
numbers on excel® 2007 (Microsoft Co., Redmond, WA,
USA). The clinical examination and nerve conduction
study were done by a researcher who was blind to the
type of the given injection.
Three peripheral venous blood samples were collected

aseptically from each subject from the PRP groups into
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tubes with sodium citrate as an anticoagulant (BD® vacu-
tainer). Whole blood platelet counts were determined
using the cell counter (Sysmex Kx-21, Japan).
In order to prepare PRP, the laboratory bench-top

centrifuge (NÜVE: NF 400) was used at two different
centrifugation times and rotation per minutes (rpm).
PRP [i] was separated by a single centrifugation step at
1600 rpm for 8 min, and then the plasma above the
erythrocyte layer was collected immediately [18]. PRP
[ii] was separated by two steps of centrifugation proce-
dures. The samples were centrifuged first at 1200 rpm
for 10min; the plasma was separated from packed red
blood cells and re-centrifuged at 3700 rpm for 10min.
The upper two-third volume of plasma, which is poor in
platelets, was removed; the platelet pellet was suspended
in a minimum quantity of plasma by gently shaking the
tube [19], and the PRP was activated endogenously the
soft tissue collagen [20]. The remnant PRP was counted
using the cell counter (Sysmex Kx-21, Japan). The mean
of platelet counts after each method was calculated, and
the enrichment percentage was determined as follows:
platelet enrichment = (platelet count PRP − platelet
count whole blood)/platelet count whole blood × 100.
The hand of the patient was supinated in a neutral or

slightly extended position for better exposure of the car-
pal tunnel. Lidocaine (1%; 0.5 ml) was injected using a
25-gauge needle at the distal wrist crease on the ulnar
side to the palmaris longus tendon (which can be located
by having the patient pinch the thumb and fifth fingers
together while slightly flexing the wrist), and the needle
was inserted nearly to the ulnar at the midline. The nee-
dle was angled downward at 45° toward the tip of the
middle finger and advanced 1–2 cm as it traverses the
flexor retinaculum. With the needle at the previous site,
the syringe was changed, and 1ml of the prepared PRP
[i] and [ii] was injected in the first and second group,
respectively.
Using the same procedure, a single injection of meth-

ylprednisolone acetate at 40 mg/1 mL was injected in
the third group. Patients were observed for 30 min after
injection and were advised to rest the injected arm for
48 h.
The severity of pain was evaluated at 1.5 and 3

months after injection as VAS range from 0–10. The
severity and functional outcome were evaluated using
the Boston Carpal Tunnel Syndrome Questionnaire
(BCTSQ) [21]. BCTSQ evaluates two domains of
CTS: (a) symptoms severity using a scale of 11 items
(pain, paresthesia, numbness, weakness, and nocturnal
symptoms) and (b) functional assessment using a
scale of eight items (writing, buttoning, holding, grip-
ping, bathing, and dressing). The questionnaire was in
a multiple choice format with scores ranging from
one (mildest) to five (most severe). Each score was

calculated as the mean of the response of the individ-
ual items.

Statistical analysis
Shapiro-Wilk test was used to verify the normality of
distribution of continuous variables. Continuous vari-
ables are presented as mean ± SD. Categorical variables
are summarized as absolute (numbers) and relative fre-
quencies (percentage). Comparisons between quantita-
tive variables were done using one way ANOVA and
least significant difference (LSD) test or Student’s t test.
For comparing categorical data, chi-squared (χ2) test
was performed. Statistical analysis was carried out using
SPSS® statistical software version 22 [22]. P value < 0.05
was considered as statistically significant.

Results
The demographic profile and clinical data of CTS pa-
tients are presented in Table 1. A total of 60 subjects
were enrolled in this clinical trial, including 20 patients
(3 males and 17 females; mean age 48.8 ± 7.45 years) in
PRP [i] group, 20 patients (2 males and 18 females;
mean age 48.8 ± 6.62 years) in PRP [ii] group, and 20 pa-
tients (2 males and 18 females) mean age 49.15 ± 6.06
years in the CS group. The patients’ characteristics were
matched with each other with no significant differences
between the groups (P > 0.05). Only the platelet count
in PRP [ii] was significantly higher than that in PRP [i]
(P < 0.0001). The enrichment percentages attained by
both methods were 112.15% and 226.4%, respectively.
On comparing the pre-injection status, PRP [i] group

showed a significant improvement in all outcome vari-
ables detected at 1.5 and 3months of follow-up (P <
0.03), while on comparing follow-up values at 1.5 and 3
months, a statistically significant improvement in all out-
come variables was observed in the PRP [i] (P < 0.01)
(except BCTQf P = 0.29 and SPL P = 0.07).
On considering PRP [ii], a significant improvement in

all outcome variables was observed at all times of
follow-up (P < 0.03). On comparing the results of 1.5
and 3 months of follow-up, a statistically significant
improvement in VAS and DML (P = 0.004, 0.001, re-
spectively) was detected, and no statistically signifi-
cant difference was observed in BCTQs, BCTQf, and
SPL (P = 0.07, 0.15, 0.23, respectively) (Fig. 1).
In the CS group, a significant improvement only in

BCTQf was detected at 1.5 months of follow-up com-
pared to the pre-injection status (P = 0.02), and no sig-
nificant difference in VAS, BCTQs, DML, and SPL were
detected (P = 0.16, 0.2, 0.58, and 0.23, respectively). A
statistically significant improvement in all outcome vari-
ables was detected in the CS group when the value of 3
months was compared to that of the pre-injection stage
(P < 0.003) (except SPL P = 0.2). On comparing follow-
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up values at 1.5 and 3months, CS group showed a statis-
tically significant improvement in VAS, BCTQf, and
DML (P = 0.003, 0.008, and 0.002, respectively), while
no significant difference was detected in BCTQs and
SPL (P = 0.08, 0.23, respectively) (Fig. 1).
When the outcome variables of the two groups of PRP

were compared, there was no significant difference in
their enhancement at all follow-up time. Statistically sig-
nificant enhancement in all outcome variables was ob-
served when PRP [i] and CS groups were compared at
all follow-up times. Likewise, a statistically significant
enhancement in all outcome variables was observed
when the PRP [ii] and CS groups were compared at all
follow-up times except VAS at 1.5 and 3months (P =
0.073 and P = 0.068, respectively) (Table 2).

Discussion
Currently, no clear gold-standard treatment is available
for patients with CTS, despite of the high incidence of
CTS and multitude of available treatment options. Suc-
cessful, less invasive treatment modalities are essential,
particularly for the aging population. The purpose of this

study was to compare three local treatment options, PRP
prepared by two different methods and corticosteroid,
for the treatment of CTS.
Our results showed significant improvement in all the

parameters in both PRP groups at 1.5 and 3months of
follow-up compared with the baseline.
In the CS group, there was a significant improvement

only in BCTQf at 1.5 months follow-up, although after 3
months, a significant improvement in all parameters ex-
cept SPL of the median nerve was observed.
Compared with the CS injection group, the outcomes

including BCTQs, BCTQf, DML, and SPL of the median
nerve improved significantly better in both PRP groups
at 1.5 and 3months after treatment. In terms of severity
of pain assessed by VAS, only PRP [i] showed significant
improvement than CS injection group.
This is in accordance with the reports of Wu and col-

leagues and Uzun and colleagues who documented that
PRP effectively relieves pain and improves disability in the
patients with CTS in follow-up for 6months [23, 24]. Like-
wise, Malahias and colleagues showed very encouraging
outcomes regarding the use of PRP for CTS treatment [25].

Table 1 Demographic and clinical characteristics of the study subjects

Parameter PRP [i] group (number = 20) PRP [ii] group (number = 20) CS group (number = 20) P

Age (year) 48.8 ± 7.45 48.8 ± 6.62 49.15 ± 6.06 0.975

Gender

Male 3 (32%) 2 (28%) 2 (28%) 0.676

Female 17 (68%) 18 (72%) 18 (72%)

BMI 29.07 ± 1.4 28.8 ± 2.22 28.47 ± 1.81 0.578

History of diabetes 3 (15%) 4 (20%) 4 (20%) 0.895

History of hypertension 6 (30%) 4 (20%) 6 (30%) 0.711

Duration of disease (month) 24.1 ± 7.05 24.34 ± 5.88 23.3 ± 7.26 0.908

Lesion site

Right 13 (65%) 14 (70%) 14 (70%) 0.926

Left 7 (35%) 6 (30%) 6 (30%)

Grade

Very mild 3 (15%) 3 (15%) 2 (10%) 0.390

Mild 4 (20%) 2 (10%) 4 (20%)

Moderate 13 (65%) 15 (75%) 14 (70%)

VAS 7.65 ± 1.35 6.37 ± 2.01 6.7 ± 2 0.113

BCTQs 25.45 ± 7.1 25.8 ± 6.16 25.55 ± 7.65 0.979

BCTQf 17.05 ± 6.14 16.68 ± 6.12 16.5 ± 4.77 0.904

DML (ms) 5 ± 1.12 4.79 ± 1.4 5.05 ± 1.19 0.794

SPL (ms) 4.99 ± 1.04 4.6 ± 0.61 4.58 ± 0.49 0.156

Platelet whole blood (103/μL) 194.3 ± 45.12 204.1 ± 48.34 - 0.051

Platelet PRP (103 /μL) 412.1 ± 9.07 666.3 ± 101.4 - <0.0001*

Data are presented as number and percentage or mean ± standard deviation
PRP platelet-rich plasma, CS Corticosteroid, BMI body mass index, VAS visual analog scale, BCTQ Boston Carpal Tunnel Syndrome Questionnaire (s: severity and f:
function), DML distal motor latency, SPL sensory peak latency
*Significant
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In Egyptian study, single local injection of the PRP prepared
with centrifugation first at speed of 3000 rpm for 3min and
second at speed of 4000 rpm for 15min seemed to be su-
perior to steroid in the treatment of CTS, showing more
improvement clinically as regard the pain and function and
electrophysiological outcome [26]. PRP could limit nerve
damage in carpal tunnel model in a 12-week follow-up as
demonstrated by a significant improvement in patients’
electrophysiology [27]. However, Raeissadat and colleagues
conducted a randomized controlled study on 40 females
with mild CTS and showed that there was no significant
benefit of the PRP injection in comparison to the conserva-
tive treatment with wrist splints in a 10-week follow-up [9].
However, the conclusion of this study may be irresolute
because such differences may arise due to the use of differ-
ent devices to separate PRP from whole blood. Different
PRP-separation devices result in differences in platelet

concentrations, pH [28], and in leukocyte and growth-
factor concentrations [29].
The clinical benefit of PRP in peripheral neuropathy is

an interesting field of research. In a case report, Sanchez
and colleagues stated that proximal and distal ultrasound-
guided PRP injections given intraneurally and perineurally
in a common peroneal nerve exhibited a significant func-
tional recovery assessed by electromyographic signs of re-
innervation for both [30]. Additionally, perineural PRP
injections in tibial and ulnar nerves have shown sensory
improvement in peripheral neuropathy in leprosy [31].
PRP injection showed improvement in facial nerve regen-
eration in the rat model, Farrag and colleagues reported
that PRP may enhance the myelin thickness and increase
the axon counts when an injured nerve is sutured and
assisted with PRP [32]. De Cortazar and colleagues con-
cluded that PRP enhance the healing process of radial

Fig. 1 Mean changes in outcome variables at pre-injection and 1.5 and 3 months follow-up. a VAS, visual analog scale; b BCTQs, Boston Carpal
Tunnel Syndrome Questionnaire severity; c BCTQf, Boston Carpal Tunnel Syndrome Questionnaire function; d DML, distal motor latency; and e
SPL, sensory peak latency. On comparing the pre-injection status, PRP [i] and PRP [ii] groups showed significant improvement in all outcome
variables detected at 1.5 and 3months of follow-up. In the CS group, a significant improvement only in BCTQf was detected at 1.5 months of
follow up compared to the pre-injection status (P = 0.02). PRP, platelet rich plasma; CS, corticosteroid
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nerve palsy [33]. Furthermore, Sariguney and colleagues
showed a better functional outcome of peroneal nerve
palsy with drop foot associated with improvement in
the myelin thickness and the onset of latency [34].
PRP has also been applied to reduce neuropathic pain
caused by arthroplasty, trans-gluteal decompression of
pudendal nerve [35], and on the surgical site follow-
ing tonsillectomy [36].
PRP exerts multiple biological activities including

modulatory effects on inflammation and angiogenesis
which may lead to relief from pain [37]. PRP consists of
a pool of growth factors including platelets derived
growth factors (PDGFαα, PDGFβ, and PDGFαβ), epider-
mal growth factor, basic fibroblast growth factor, and
transforming growth factor beta (TGFB). These factors
singly or in combination have been shown to exert an
antiapoptotic and neuroprotective effect on mesenchy-
mal stem cells (MSCs), neurons, SCs, and human neural
stem cells [38, 39]. Additionally, these growth factors re-
sult in enhanced stimulation in type III collagen produc-
tion, a relatively lower stimulation of type I collagen
production and increase in alpha 2 than alpha 1 collagen
production in cells of flexor retinaculum; these alterna-
tions lead to pathological changes in CTS [40].
PRP enhances the regenerating nerve fibers and im-

proves neuromuscular activities [41]. The promotion of
axon regeneration may result in the secretion of nerve
growth factor (NGF), brain-derived neurotrophic factor
(BDNF) from MSCs, and their promotion of angiogen-
esis [42, 43] and improvement in nerve regeneration

[44]. The application of PRP increases the number of
nerve fibers after peripheral nerve re-anastomosis and
can produce a neurotrophic effect, stimulating the prolif-
eration of Schwann cells and myelination, which are im-
portant components during peripheral nerve repair [45].
Our study revealed no significant difference in all out-

come variables at all follow-up time between the two
PRP groups, although significantly higher platelet en-
richment in PRP [ii] was observed. Dugrillon and col-
leagues reported that the platelet count is not always
proportional to the quantity of growth factors [46].
Bausset and colleagues reported that vascular endothelial
growth factor (VEGF) levels did not correlate with vari-
ation in platelet count [47]. Similarly, Weibrich and col-
leagues observed that platelet count may not be an
appropriate indicator to predict the biological activity of
platelets [48].
There are several important factors that should be

considered with regard to the choice of the method of
the PRP preparation in addition to the number of centri-
fugation cycles. The force of gravity used in the centrifu-
gation process is one. However, the platelets may get
prematurely activate on increasing the gravity used for
the centrifugation [46], by excessive pipetting [49] or by
the type of anticoagulant used during the preparation of
PRP [50].
Premature activation of platelets may lead to an early

release of growth factors, causing them to move to the
top of the tube during centrifugation. Thus, the resultant
PRP would be poor in growth factors [51]. The levels of

Table 2 Outcome variables at 1.5 and 3months of follow-up in the PRP and control groups

Parameter PRP [i] (number = 20) PRP [ii] (number = 20) CS group (number = 20) P (1) P (2) P (3)

VAS

1.5 m 3.9 ± 1.97 4.63 ± 1.67 5.85 ± 2.01 0.163 0.002* 0.073

3 m 2.35 ± 1.87 2.84 ± 1.83 4 ± 1.65 0.292 0.005* 0.068

BCTQs

1.5 m 17.95 ± 4.06 18.79 ± 4.25 22.8 ± 6.65 0.785 0.005* 0.01*

3 m 14 ± 2.6 15.63 ± 3.7 19 ± 5.77 0.302 < 0.0001* 0.01*

BCTQf

1.5 m 11.6 ± 3.14 11.58 ± 2.8 13.89 ± .96 0.829 0.019* 0.011*

3 m 8.75 ± 1.02 9.63 ± 1.42 11.06 ± 2.11 0.116 < 0.0001* 0.004*

DML (ms)

1.5 m 3.25 ± 0.79 4 ± 1.29 4.85 ± 1.27 0.081 < 0.0001* 0.012*

3 m 2.3 ± 0.86 2.58 ± 1.17 3.65 ± 0.93 0.532 < 0.0001* 0.001*

SPL (ms)

1.5 m 4.11 ± 0.82 4.18 ± 0.57 4.53 ± 0.54 0.43 0.03* 0.02*

3 m 3.7 ± 0.38 3.55 ± 0.31 4.14 ± 0.44 0.07 0.001* < 0.0001*

Data are presented as mean ± standard deviation
P (1) PRP[i] versus PRP [ii], P (2) PRP [i] versus CS, P (3) PRP [ii] versus CS, PRP platelet-rich plasma, CS corticosteroid, VAS visual analog scale, BCTQ Boston Carpal
Tunnel Syndrome Questionnaire (s: severity and f: function), DML distal motor latency, SPL sensory peak latency
*Significant
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growth factors in the PRP samples of the present study
were not measured; hence, further studies are required
to confirm this hypothesis.
In summary, the quality of PRP is more important

than the number of concentrated platelets. Further stud-
ies are recommended to assess the quality and the clin-
ical impact of PRP, as there is high inter-individual
variability in cellular production and storage of cytokines
[47]. The positive effect of PRP and the significant clin-
ical outcome of this study in parallel with the other re-
sults described here support the therapeutic use of PRP
as versatile and safe biological products in the treatment
of early mild to moderate CTS and worth for further in-
vestigation in other peripheral neuropathies.
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