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ABSTRACT  Longstanding groin pain is a non-infectious and inflammatory chronic condition that caus-
es inguinal pain in athletes. We compared dextrose prolotherapy (15% dextrose solution) and platelet-rich
plasma (autologous platelet gel, plasma rich in growth factors, platelet concentrate) injections in male soccer
players with longstanding groin pain. Forty elite male soccer players, ages between 13 and 33, with longstand-
ing groin pain were treated. Patients were randomly divided into the dextrose prolotherapy (n=9) and plate-
let-rich plasma injection (n= 6) groups. Following three injections, all patients were enrolled in the 12-week
progressive home exercise protocol. Pain and function were assessed using the visual analogue (VAS) and
Nirschl Pain Phase Scale (NPPS) scores before, one month after, and six months after the injection, respective-
ly. VAS and NPPS scores decreased in both of the dextrose prolotherapy and the platelet-rich plasma injection
groups. A decrease in pain and improvement in function were evident at a month after injection, and they
remained favourable at the end of six months (VAS overall, p <0.001 and p= 0.003, respectively) (NPPS over-
all, p <0.001 and p= 0.007, respectively). A difference between the dextrose prolotherapy and the platelet-rich
plasma injection groups was not observed at both time points (VAS, p= 0.3, p= 0.7, and p= 0.6 respectively)
(NPPS, p= 0.6, p= 0.9, and p= 0.9 respectively). Dextrose prolotherapy and platelet-rich plasma injections
decreased pain and improved function in longstanding groin pain treatment of male soccer players. These
treatments should be considered in patients who are not responding to conservative treatment modalities.
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Introduction

Longstanding groin pain is a non-infectious and inflammatory chronic condition that affects symphysis pubis
and surrounding tissues (Jardi et al., 2014). It is an overuse injury of the groin area in athletes participating
in strenuous athletic activities, especially among soccer players (Angoules, 2015). Kicking, turning, twisting,
cutting, pivoting, and sprinting activities associated with sports such as soccer, rugby, gridiron football, ice
hockey, Australian rules football, and distance running have been linked to this pathology (Angoules, 2015;
Jardi et al., 2014). The incidence rate of groin pain is estimated at 10% to 18% per year among male soccer
players (Holmich et al., 1999). Groin pain is often accompanied by other adductor or hip pathologies (Omar
etal., 2008), such as a microtear of the adductor longus tendon attachment at the pubis, rather than an isolated
entity and time to complete resolution of symptoms may extend up to 1 year (Cunningham et al., 2007). Fail-
ure to return to the prior level of sports function may be as high as 25% (Batt, McShane, & Dillingham, 1995).

Different treatments have been recommended for longstanding groin pain, ranging from conservative man-
agement to surgical procedures (Choi, McCartney, & Best, 2011; McKim, Taunto, & Kirchner, 1999; Scarpone,
Rabago, Zgierska, Arbogast, & Snell, 2008; Scholten, Massimi, Dahmen, Diamond, & Wyss, 2015; Topol,
Reeves, & Hassanein, 2005; Watkin, Gallegos, Moisey, & Charlton, 1995). Conservative treatment initially in-
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cludes rest, limited activity, ice and use of anti-inflammatory medication, which is followed by a rehabilitation
program (Hopp, Culemann, Kelm, Pohlemann, & Pizanis, 2013). Other suggested treatment options include
steroids and local anaesthetic (Choi et al., 2011), dextrose prolotherapy (DP) (Topol et al., 2005), platelet-rich
plasma (PRP) (Scholten et al., 2015) injections, anticoagulation therapy (Watkin et al., 1995), and compres-
sion shorts (McKim et al., 1999).

Dextrose prolotherapy, which consists of concentrated dextrose as an irritant, has been used in ligament or
tendon insertions as a proliferant (Scarpone et al., 2008). The proliferative response to dextrose was thought
to be a result of the higher osmolarity of the injected solution than that of the interstitial tissue. Evidence
suggests the release of transforming growth factor beta-1, platelet-derived growth factor, connective tissue
growth factor, epithelial growth factor, and basic fibroblastic growth factor were stimulated when exposed
to various glucose concentrations (Murphy et al., 1999). DP has been reported to decrease pain and im-
prove function in the treatment of musculoskeletal pain and sports-related soft tissue injuries (Scarpone et
al., 2008). PRP injection is a relatively newer method than DP injection (Scholten et al., 2015). With PRP
injection, high concentrations of growth factors are transmitted directly to a lesion, which in turn initiates the
natural healing process (Scholten et al., 2015).

A few studies with an encouraging biological basis and theory on DP and PRP injection for groin pain have
suggested the beneficial effects of these treatments (Scholten et al., 2015; Topol et al., 2005). However, applica-
ble data are insufficient to support the routine clinical use of these therapies in this disease. To our knowledge,
no previous study has compared the effects of DP and PRP injection in the treatment of groin pain. This study
thus investigated whether DP and PRP injections could decrease pain and improve the function of longstand-
ing groin pain in elite male soccer players. Our aim was to compare the effects of DP and PRP injections on
pain and function at one and six months using the visual analogue scale (VAS) and the Nirschl Pain Phase
Scale (NPPS), respectively.

Methods

Patients

A retrospective cohort study in patients with longstanding groin pain was designed. Data of 15 elite male soccer
players with the diagnosis of longstanding groin pain who were referred to the Sports Medicine Department
were analysed. The Hacettepe University Ethics Committee on Research with Human Subjects (Decision Num-
ber: GO 18/1205) approved the study. The median age of all patients was 20 years old (min: 18 years old, max:
33 years old). There was no significant difference in age between the DP and the PRP groups (p= 0.07) (Table 1).

TABLE 1. Age, Visual Analogue Scale (VAS) and Nirschl Pain Phase Scale (NPPS) scores of dextrose
prolotherapy (DP) and platelet-rich plasma (PRP) groups

DP group PRP group P
(n=9) (n=6)

Age, years old, median (min-max) 19 (18- 33) 22.5(20-32) 0.07
VAS scores, median (min-max)

Pre-injection 8(5-9) 7(5-9) 0.4

1t months 2(1-3) 2(1-6) 0.8

6" months 1(0-2) 1(0-6) 0.7
NPPS scores, median (min-max)

Pre-injection 5(3-7) 45(3-6) 0.6

1t months 2(1-2) 1.5(1-5) 0.9

6™ months 1(0-1) 0.5(0-5) 0.9

Note. DP - dextrose prolotherapy, min - minimum, max - maximum, NPPS - Nirschl Pain Phase Scale, PRP - platelet-rich
plasma.

Patients with anterior and medial groin pain for at least six months, who resisted to non-steroidal anti-inflam-
matory medicine (NSAIDs), stretching, physical therapy modalities and other conservative treatment meth-
ods, were included. Groin pain was defined as pain that is exacerbated by walking, pelvic motion, adductor
stretching, abdominal muscle strengthening exercises, or movement from a seated to a standing position, and
may radiate into the lower abdominal muscles, perineum, inguinal region, scrotum or medial thigh. All of the
participants had pain on the pubic symphysis and the pubic ramus. The diagnosis of longstanding groin pain
was made by clinical examination that included tenderness on palpation of the symphyseal region, the Single
Adductor, the Adductor Squeeze, and the Bilateral Adductor tests (Verrall, Slavotinek, Barnes, & Fon, 2005).

Clinical staging was based on the classification proposed by Rodriguez et al. (2001) that included clinical find-
ings and diagnostic features. All of the patients clinical stages were Stage III (bilateral symptoms, inguinal pain
involving the adductor and abdominal muscles, pain with kicking, sprinting, directional changes, etc., inability to
continue sport participation) or Stage IV (inguinal pain involving the adductor and abdominal muscles, pain re-
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ferred to the pelvic girdle and lumbar spine with defecation, sneezing, and walking on uneven terrain, inability to
perform activities of daily living). Longstanding groin pain diagnosis was confirmed with magnetic resonance im-
aging (MRI) in each soccer player, which is the standard technique for longstanding groin pain. A hyper-intense
signal on T2-weighted images within the symphysis and adjacent parasymphyseal region and bilateral symphyseal
subchondral bone marrow oedema extending from anterior to posterior were present in all patients’ MRI.

Patients were excluded from the study if they had received local steroid injections within the previous six
months or NSAIDs within the first week before their clinical application. Patients with a sports hernia, in-
guinal wall deficiency, iliopsoas strain, stress, and avulsion fractures, intra-articular hip joint injury or other
relevant pathologies, such as snapping hip syndrome, low back pain, and nerve compression, were excluded.

Treatment procedures

Dextrose Prolotherapy Preparation and Injection

Dextrose prolotherapy was prepared by mixing 6 mL of 20% dextrose solution (Polifleks, Polifarma, Turkey)
and 2 mL of prilocaine (Citanest, AstraZeneca, UK), resulting in an 8 mL 15% solution. The injection area was
prepared with povidone-iodine (Isosol, Merkez, Turkey), to prevent infection. After this preparation, the dex-
trose solution was injected using a 22G needle (BD Microlance, Becton, Dickinson and Company, NJ, USA)
into the tenderest pubic area using the peppering technique (a single skin portal and 3 or 4 penetrations to the
tendon fascia), while the patient was in a supine position with a leg slightly abducted and externally rotated at
the hip. Three DP injections were performed at one-week intervals. Patients were told not to exercise during
the three weeks of the injection period.

PRP Preparation and Injection

Fifty millilitres (50 ml) of blood was collected from the veins in antecubital fossa into sodium citrate tubes
(BD Vacutainer sodium citrate tubes, Becton, Dickinson and Company, NJ, USA). The blood was then centri-
fuged for eight (8) minutes at 1500 rpm using a desktop centrifuge (NF 800, Niive, Turkey). This spin separat-
ed the whole blood into three layers: an upper layer consisting mainly of plasma and platelets, a middle layer
consisting of white blood cells (known as the bufty coat), and a bottom layer consisting mainly of red blood
cells (Dhurat & Sukesh, 2014). The upper layer with the buffy coat was transferred to sterile tubes, and a sec-
ond centrifugation was utilized to concentrate platelets. The upper two thirds of the plasma were platelet-poor
plasma, while the lower third was PRP. After extraction of the platelet-poor plasma, 5 ml of PRP was attained.
This was injected using a 22G needle (BD Microlance 3, Becton, Dickinson and Company, NJ, USA) into the
most tender pubic area using the peppering technique as described for DP.

Rehabilitation Program after Injection

Systemic and local complications related to injections were not observed in both groups. After the last injec-
tion, patients received the same 12-week progressive home exercise protocol including a range of motion, core
stability, stretching, cardiovascular training, strengthening exercises of the pelvis, hip, abdominal and gluteal
muscles by a sports physician.

Patients were told not to run during the first week after injection. From Days 7 to 14 they could jog, and from
Days 14 to 28 they were able to increase distance and speed as tolerated. Forceful kicking was avoided for 28
days. Patients were not allowed to take NSAIDs or any other painkillers during this period.

Follow-up data

Data were obtained on all patients before, one month after, and six months after the first injection. Outcomes
were measured through VAS scores for pain during exercise or sport, and NPPS scores of athletic overuse
injuries, which has seven phases of disability based on injury severity, to determine the functional impairment
level (Table 2) (O’'Connor, Howard, Fieseler, & Nirschl, 1997).

TABLE 2. Nirschl Pain Phase Scale of Athletic Overuse Injuries (O’Connor et al., 1997)

Phase Description

Phase 1 Stiffness or mild soreness after activity. Pain is usually gone within 24 hours.

Phase 2 Stiffness or mild soreness before activity that is relieved by warm-up. Symptoms are not present
during activity but return afterward, lasting up to 48 hours.

Phase 3 Stiffness or mild soreness before specific sport or occupational activity. Pain is partially relieved by
warm-up. It is minimally present during activity, but does not cause the athlete to alter activity.

Phase 4 Similar to phase 3 pain but more intense, causing the athlete to alter performance of the activity.
Mild pain occurs with activities of daily living but does not cause a major change in them

Phase 5 Significant (moderate or greater) pain before, during, and after activity, causing alteration of activity.
Pain occurs with activities of daily living but does not cause a major change in them.

Phase 6 Phase 5 pain that persists even with complete rest. Pain disrupts simple activities of daily living and
prohibits doing household chores.

Phase 7 Phase 6 pain that also disrupts sleep consistently. Pain is aching in nature and intensifies with activity.
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Statistical Analyses

The type of injections, PRP or DP, was the independent variable. VAS and NPPS scores were dependent
variables. All statistical analyses were performed using IBM SPSS Statistics for Windows, V22.0 (IBM
Corp). Variables were assessed using the visual (histograms, probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk’s test) for normal distribution. Descriptive analyses were presented
using frequencies, medians, and minimum-maximum values since variables were not normally distrib-
uted. The Mann-Whitney U test was used to compare age, VAS, and NPPS scores between DP and PRP
groups. Friedman tests were conducted to whether there is a significant change in the VAS and NPPS
scores over time. The Wilcoxon test was performed to test the significance of pairwise differences using the
Bonferroni correction to adjust for multiple comparisons; 5% type-I error level was used to infer statistical
significance.

Results

Visual Analogue Scale Scores

A decrease in pain was observed in a month according to VAS within each group compared to the initial
scores (Table 1). Both groups showed significant improvements in the VAS scores at all follow-ups. There were
no significant differences between groups regarding VAS scores at pre-injection, 1st month and 6th month of
follow-up (p= 0.3, p= 0.7, and p= 0.6 respectively) (Figure 1). In the DP group, the median VAS scores were 8
(min: 5, max: 9) at pre-injection, 2 (min: 1, max: 3) at first month and 1 (min: 0, max: 2) at sixth month, and
the decrease of VAS through time points was statistically significant (overall p <0.001, from pre-injection to
Ist month p= 0.007, from 1st month to 6th month p= 0.006). In the PRP group, the median VAS scores were
7 (min: 5, max: 9) at pre-injection, 2 (min: 1, max: 6) at first month and 1 (min: 0, max: 6) at sixth month, and
the decrease of VAS through time points was statistically significant (overall p= 0.003, from pre-injection to
Ist month p=0.027, from 1st month to 6th month p=0.025). The improvement was maintained from the first
injection to the six-months follow-up for both groups.

VAS Score
] Pre-injection
104 P<0.001 (51t month after injection
o [ 6th morth after injection
P=0.003
—_—
87 P=0.027
—_—
6+
P=0.025 P=0.006
—

1 _
) I

T
PRP DP

FIGURE 1.The box plots showing the initial and follow-up Visual Analogue Scale (VAS) scores of dextrose prolotherapy
(DP) and platelet-rich plasma (PRP) group

Nirschl Pain Phase Scale Scores

Both groups showed significant improvements in the NPPS scores at all follow-ups. At the 1st month,
functional improvements were observed according to NPPS scores within each group compared to the
initial scores (Table 1). There were no significant differences between groups regarding NPPS scores at
pre-injection, 1st month and 6th month of follow-up (p= 0.6, p= 0.9, and p= 0.9 respectively) (Figure
2). In the DP group, the median NPPS scores were 5 (min: 3, max: 7) at pre-injection, 2 (min: 1, max: 2)
at first month and 1 (min: 0, max: 1) at sixth month, and the decrease of VAS through time points was
statistically significant (overall p <0.001, from pre-injection to 1st month p= 0.007, from 1st month to 6th
month p= 0.003). In the PRP group; median NPPS scores were 4.5 (min: 3, max: 6) at pre-injection, 1.5
(min: 1, max: 5) at first month and 0.5 (min: 0, max: 5) at sixth month, and the decrease of VAS through
time points was statistically significant (overall p= 0.007, from pre-injection to 1st month p= 0.039, from
Ist month to 6th month p= 0.025). The improvement was maintained from the first injection to 6 months’
follow-up for both groups.
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FIGURE 2. The box plots showing the initial and follow-up Nirschl Pain Phase Scale (NPPS) scores of dextrose
prolotherapy (DP) and platelet-rich plasma (PRP) groups

Discussion

Pain and function changes in elite soccer players diagnosed with longstanding groin pain were assessed before
and after DP and PRP injection in this study. The results of our study demonstrated the beneficial effects of
both DP and PRP injection therapies on both function and pain in patients with longstanding groin pain. A
few studies have proposed the favourable effects of both DP and PRP injection in groin pain (Scholten et al.,
2015; Topol & Reeves, 2008). Nevertheless, to the best of our knowledge, the effectiveness of DP and PRP on
decreasing pain and improving function in groin pain was not compared. We were able to compare pain and
function changes before and after DP and PRP injections.

Difference between DP and PRP injection was not significant. Both VAS and NPPS scores decreased at one
and six months after DP and PRP injections. Improvement in pain and function was recorded after a month
of treatment, and this effect lasted up to six months.

In an animal study that investigated the mechanical effects of prolotherapy on stretch-injured ligaments,
Jensen et al. (2008) found that DP increased the cross-sectional area of medial collateral ligaments compared
with saline-injected and uninjured controls; however, DP injections did not alter other measured properties
in their model. Apart from the animal study, DP has been used mostly in knee osteoarthritis studies. Our
findings were in line with previous DP studies that reported knee pain and functional score improvement
(Rabago et al., 2013; Eslamian & Amouzandeh, 2015). A study on lateral epicondylosis with DP reported
a decrease in pain and improved grip strength compared to controls (Scarpone et al., 2008). Another study
presented the benefit of DP on patients with painful knees, shoulders and lateral elbows (Lyftogt, 2007). A
patient with chronic shoulder pain was treated at three sessions by DP, and they reported a 90% reduction of
pain and complete restoration of normal activity (Seenauth, Inouye, & Langland, 2018). There was only a case
series using DP for the treatment of groin pain (Topol et al., 2008). Researchers treated 75 elite athletes who
were suffering from groin pain with DP injections, which consisted of monthly injections of 12.5% dextrose
with 0.5% lidocaine in abdominal and adductor attachments on the pubis. Similar to our results, DP therapy
yielded substantial reductions in VAS and NPPS scores (Topol et al., 2008).

VAS and NPPS scores also decreased in the PRP injected groin pain patients in our study. A decrease in
pain and improvement in function was recorded in one and six months after injections. Use of PRP has re-
cently been becoming widespread as it also delivers mediators that enhance tissue healing (Kon et al., 2011).
Laboratory evidence suggests that PRP may have a positive effect on tendon healing-related processes as
neo-vascularization is important for regeneration (Alsousou, Thompson, Hulley, Noble, & Willett, 2009).
Clinical studies on PRP demonstrated promising results for the treatment of tendinopathies over the past few
years (Gosens, Peerbooms, Van Laar, & Den Oudsten, 2011; Peerbooms, Sluimer, Bruijn, & Gosens, 2010).
Our findings were in line with these studies. Tan et al. (2016) reported improvement in VAS and Mayo elbow
scores of 56 patients who were suffering from refractory lateral epicondylitis after PRP injection. In 2006,
Mishra et al. (2006) suggested that concentrated growth factors in PRP could be used to initiate a healing
response in a damaged tendon. In their study evaluating the effect of PRP injection in patients with chronic el-
bow tendinosis, it was found that the PRP group had better results than the control group (Mishra & Pavelko,
2006). The beneficial effects of PRP have also been demonstrated on plantar fasciitis (Kim & Lee, 2014). Our
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findings for longstanding groin pain were in line with previous DP studies. Despite so many studies in dif-
ferent clinical tables using PRP injection, there are limited studies on PRP applied for groin pain (Scholten et
al.,, 2015; St-Onge, Maclntyre, & Galea, 2015). In a case report, Scholten et al. (2015) used ultrasound-guided
needle tenotomy and PRP injection in the treatment of a male elite lacrosse player with athletic pubalgia, and
they found that improved pain and return to full pain-free plays at the previous level of intensity eight weeks
after the injection. In another case report, St-Onge et al. (2015) used two PRP injections to a tear in the rectus
abdominis of a male hockey player. They found that the patient returned to his prior level of performance
in 3.5 weeks (St-Onge et al.,, 2015). Our findings related to PRP injection were consistent with previous PRP
studies reporting improvement in pain and functional score.

PRP is a treatment that requires sampling and condensing thrombocytes from the patient and spending time
for the centrifuge process. Furthermore, this method needs valid and reliable blood processing consumables
and a centrifuge. The variable properties of platelet preparation vary slightly between companies, depending
on several factors (Scholten et al., 2015). DP, in contrast, is less costly and an easier option. There are currently
no published studies comparing DP and PRP treatments for longstanding groin pain, and we were not able
to demonstrate a difference between the two treatment options. DP is a low-cost, less time consuming, and
effective longstanding groin pain treatment method as is PRP injections.

In vivo studies showed that PRP may have an anti-inflammatory effect by inhibiting the NF-KB pathway.
(Utku et al., 2017) Each millilitre of PRP solution contains 1.5-2 million platelets, which represents a 5-fold
increase in platelet and growth factors (Lai et al., 2015). In contrast, DP shows its effect by increasing PDGF
levels. DP has been shown to be effective in the repair of connective tissue injuries due to its irritative nature
(Sit et al., 2016). Both DP and PRP, although acting in different physiological ways, are useful for OP patients
who did not respond to the other therapeutic options such as physical therapy and exercise therapy.

Our study has several limitations. The retrospective design is a limitation; nevertheless, reduced pain and
improved function after one and six months using DP and PRP injections is a valuable finding. The small
number of patients restricted our statistical methods; however, early outcomes with both methods revealed a
favourable outcome. Another limitation was the absence of a placebo-controlled group. Soccer players who
did not benefit from previous medical and physical therapy methods wanted to go back to their sporting ac-
tivities as soon as possible, and we were not able to establish a placebo control group. The peppering technique
was used in both the DP and the PRP injections. We observed that dry needling as a part of the peppering
technique had therapeutic effects as it was presented in other tendon studies (Creaney, Wallace, Curtis, &
Connell, 2011; Kampa & Connell, 2010). We do attribute the positive results we have found to the effect of
treatments since the same peppering technique was used in both our treatment groups. Subsequent prospec-
tive studies with the placebo group should focus on a larger sample of participants that will provide a better
understanding of the DP and PRP injections on longstanding groin pain. Despite these limitations, we have
proven that DP and PRP are safe, relatively simple, and potentially effective treatment methods for the treat-
ment of longstanding groin pain.

Conclusion

We compared time-dependent pain and function changes before and after DP and PRP injections in the
treatment of longstanding groin pain. Both injections improved pain and function after a month, and this
improvement sustained at six months without any reported complications. Both treatments seem to be effec-
tive for longstanding groin pain and should be considered in patients who are not responding to other con-
servative modalities. It should not be forgotten that DP is a cost-effective and less time-consuming treatment
option for longstanding groin pain. Further prospective studies in larger patient groups are needed, in which
researchers may use not only clinical measures but also radiological and biological findings as secondary
outcome measures.
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