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Abstract: Rectus femoris muscle strains are one of the most common injuries occurring in sports
such as soccer. The purpose of this study was to describe the safety and feasibility of a combination
of percutaneous needle electrolysis (PNE) and a specific rehab and reconditioning program (RRP)
following an injury to the rectus femoris in professional soccer players. Thirteen professional soccer
players received PNE treatment 48 h after a grade II rectus femoris muscle injury, followed by a
the RRP 24 h later. Assessment of recovery from injury was done by registering the days taken to
return to train (RTT), return to play (RTP), and structural and functional progress of the injured
muscle was registered through ultrasound imaging and match-GPS parameters. Also, adverse events
and reinjuries were recorded in the follow up period of twenty weeks. The RTT registered was
15.62 + 1.80 days and RTP was 20.15 + 2.79 days. After fourteen days, the ultrasound image showed
optimal repair. Match-GPS parameters were similar before and after injury. There were no relapses nor
were any serious adverse effects reported during the 20-week follow-up after the RTP. A combination
of PNE and a specific RRP facilitated a faster RTP in previously injured professional soccer players
enabling them to sustain performance and avoid reinjuries.

Keywords: muscle strain; quadriceps; football; invasive physiotherapy; post-injury performance;
reinjury; return to play

1. Introduction

Professional soccer players face significant mechanical, metabolic, and physiological demands
as a result of their participation in the sport [1]. Regarding to these demands, scientific evidence
shows, for example, that elite soccer players cover total distances of 11,173 + 524 m [2], with 600-831 m
ran at speeds exceeding 7 m-s~! [3] and over 160 accelerations between 1.5-2 m-s~2 [4]. Given these
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demands, soccer has a high risk of injury [5,6]; in fact, at the elite level, up to two injuries per
player per season occur [7]. Muscle strains are among the most frequent non-contact injuries [8],
and 81-92% of all muscle injuries in professional soccer affect four muscle groups: the hamstrings,
the adductors, the quadriceps, and the calf muscles, with the quadriceps being the most affected after
the hamstrings and the adductors [9,10]. The biggest muscle among the quadriceps, the rectus femoris,
is the anatomical area that is most affected during a tear in the quadriceps [10,11], representing 19% of
all non-contact muscle injuries [10,12]. Among all rectus femoris injuries, 46.1% are grade I injuries
(representing an edema during MRI evaluation), 37.3% are grade II (representing a partial tear during
MRI evaluation) and 4.9% are grade III (representing a complete tear during MRI evaluation) [10].

The rectus femoris is composed of fast-twitch type II fibers [13] and is vulnerable to an injury
because of its biarticular nature spanning over the hip and knee joint [12]. It has an important
relationship with the iliopsoas helping in the flexion of the hip [14,15], and previous research has shown
that a weak or an under-active psoas can result in the rectus femoris generating a greater hip flexion
force, resulting in a rectus femoris strain [14-16]. It is mainly injured during kicking or sprinting [15].
In kicking, the rectus femoris plays an important role where it is subjected to changes in muscular
length during the reduction of moment of inertia at the knee in the leg cocking phase (when the
hip and knee both flex) to the subsequent increase in knee extension velocity in the leg acceleration
phase [15,17]. Similarly, in sprinting, specifically during acceleration and deceleration, the quadriceps
absorb a large amount of energy [15,17] when they are activated eccentrically as knee extensors while
the hip flexes simultaneously. In such a scenario, the adoption of a correct posture is key in order
to maintain stability and facilitate force transmission across the lower-limb joints, thereby avoiding
compensation generated by an absence of coordination of the lumbopelvic complex [14,15,17].

Moreover, its high recurrence rate in the weeks following return to play (RTP) is a cause of concern
in professional soccer [18-20]. Its recurrence rate is between 5% and 6.4% in the short-term (the first
week following RTP) [21,22], between 50% and 77% in the medium-term (between the first and second
month after RTP), and 15% in the long term (between 5-6 months after RTP) [22]. For these reasons,
a successful management of these injuries constitutes a challenge for clinicians in order to define
specific protocols of treatment that integrate biological stimulus [23-25] and reconditioning programs
adapted for elite competition [17].

Ultrasound (US)-guided percutaneous needle electrolysis (PNE) is a minimally invasive technique
that consists of the application of a galvanic current through an acupuncture needle under direct
ultrasound visualization [26]. PNE stimulates a local inflammatory response leading to increased
cellular activity and repair of the affected area [27]. It has proven to be effective in injuries such
as tendinosis (for example, in patellar tendonitis [28], lateral epicondylitis [29], subacromial pain
syndrome [30], etc.), and plantar heel pain [31]. The histological and functional evidence observed
in an animal model of muscle lesion [32,33] demonstrates that the application of PNE during muscle
regeneration induces a decrease in pro-inflammatory mediators (TNF-« and IL-1f3), and an increase in
the expression of anti-inflammatory proteins (PPAR-y) and vascular endothelial growth factor (VEGF).
The recovery time of the damaged muscle tissue is also reduced. However, such studies in humans
are limited to case studies analyzing acute muscle injury [34,35]. Previous studies [36] have used
different strength programs in participants with previous injuries to the rectus femoris in order to
assess the effectiveness of the program. A review on the rectus femoris injuries has stressed the need
to propose interventions through criteria-based reconditioning programs for this injury in order to
ensure an optimal RTP scenario to sustain performance and prevent reinjuries [37]. Such criteria-based
reconditioning interventions have been shown to be successful in the case of hamstring injuries [38,39].

The identification of elimination of potential risk factors for an injury can be aided by following
a cohort of players in a single center over a large span of time. If the same rehabilitation program
is applied to all players of the cohort, this also allows the evaluation of a particular program and
helps look at the medium to large term development of the players. This has been seen in the case
of hamstring injuries, where following a cohort of professional and youth players helped discarding
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isokinetic strength (of the hamstrings and quadriceps) [40] and flexibility [41] as weak indicators for a
potential hamstring injury. In terms of medium to long-term evaluation of the program, the application
of a criteria based reconditioning program showed the absence of reinjuries in a span of twenty-four
weeks following injury [38] and the players actually managed to improve their performance as a
result of individualized training they underwent [39]. However, to the best of the authors” knowledge,
such programs following an injury to rectus femoris have not been described in the literature.

Hence, the aim of this study was to assess the safety and feasibility of a combination of percutaneous
needle electrolysis and a specific rehab and reconditioning program (RRP) in professional soccer
players with an acute muscle injury to the rectus femoris. A secondary aim of the study was to analyze
possible reinjuries following RTP in the short, medium and long term. Based on previous research,
the hypothesis was that the PNE and RRP program would reduce the layoff time, but the players’
physical performance at RTP would be at a lower level as compared to the pre-injury levels.

2. Methods

2.1. Study Design

A single exposure cohort study design was used where a single group of players was followed
over the course of three seasons. In case of sustaining an injury to the rectus femoris, their rehabilitation
and performance was monitored in the short, medium, and long term.

2.2. Participants

Players from a single club playing in the top professional soccer division of the Spanish soccer
league system, commonly known as LaLiga were followed over three seasons, i.e., the 2017-2018,
2018-2019, and 2019-2020 seasons. To be eligible for the study, participants were required to meet the
inclusion criteria of being professional male soccer players, over 18 years of age and having suffered the
acute onset of anterior thigh pain, confirmed via ultrasound imaging [42-45] as a grade II [46] injury
to the rectus femoris muscle located at the myotendinous junction. The sports medicine physician
confirmed the diagnosis 48 h after the injury incidence. Additional eligibility criteria are described
in Table 1.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

- Reinjury or chronic rectus femoris injury.

- Concurrent other injury inhibiting rehabilitation
& reconditioning.

- Needle phobia (belonephobia).

- Overlying skin infection.
History of diabetes, gout, or rheumatoid
arthritis may all be predisposing factors for
muscle tears.

- Immunocompromised state.

- Professional soccer players.
- Age >18 years.
- Acute onset of anterior thigh pain.
- Indirect muscle injury.
- Ultrasound imaging within 48 h from injury.
- Rectus femoris injury at the
myotendinous junction.
- Available for follow-up.

Thirteen soccer players (age = 27.92 + 3.17 years; height = 180.92 + 3.42 cm; mass = 74.07 +
3.42 Kg; 61.5% of whom were injured while kicking) (Table 2) were finally included in the cohort
and volunteered to participate in the study. All participants provided written informed consent,
and procedures were conducted under the guidance of the technical and medical staff of the team,
always adhering to the ethical principles for medical research involving human subjects under the
Declaration of Helsinki.
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Table 2. Profile of professional soccer players.

Players (n) Player Position ( leifs) I:/I?gs)s H(z;gl?t M::I{:;}i’sm Dor:;rg\ant Phenotype
1 Full-Back 32 74 179 Kicking D Caucasian
2 Midfielder 28 77 184 Sprint D Caucasian
3 Midfielder 31 76 181 CoD * ND Caucasian
4 Central Defender 28 70 177 Kicking D Black
5 Winger 24 74 180 Kicking D Caucasian
6 Full-Back 25 75 181 Kicking D Caucasian
7 Stricker 27 73 179 Sprint D Caucasian
8 Stricker 26 69 176 Sprint ND Caucasian
9 Winger 27 70 180 Kicking D Caucasian
10 Winger 32 72 181 Kicking D Caucasian
11 Central Defender 31 81 189 CoD D Caucasian
12 Midfielder 30 78 185 Kicking D Caucasian
13 Midfielder 22 74 180 Kicking D Caucasian

* CoD: change of direction; D: dominant; ND: non-dominant; Kg: kilogram; cm: centimeter.

3. Intervention Protocol

3.1. US-Guided Percutaneous Needle Electrolysis (PNE)

The PNE technique was performed under ultrasound guidance on the muscle injury using an
intensity of 1.5-2 mA during 3 s, five times (1.5-2:3:5), according to the protocol by Valera-Garrido and
Minaya-Murioz [47], 48 h after the injury because electromyographic recovery of endplate noise in
muscles treated percutaneously with galvanic current is relatively quick (72 h), coinciding with the
inflammatory reaction [47]. A specifically developed medically certified device (Physio Invasiva®,
PRIM Physio, Spain) was used (Figure 1). The device produced a continuous galvanic current
through the cathode (modified electrosurgical scalpel with the needle) while the patient held the
anode (handheld electrode). A GE® LOGIQ™ E9 ultrasound machine with a ML6-15 linear transducer
(GE Healthcare®, Wisconsin, USA) was used. During the PNE technique, the player was placed
in the supine position on a reclining bed at an elevation of 45 degrees with both legs flat resting
on the bed. Prior to inserting a needle, the underlying skin was cleaned with isopropyl alcohol
and chlorhexidine (Lainco® 2%). The transducer, enclosed in a non-sterile rolled latex covered over
non-sterile ultrasound gel, was placed on the target area. Subsequently, an acupuncture needle
0.30 mm X 30 mm (Physio Invasiva® needles, PRIM Physio, Spain; uncoated steel needle with rigid
metal handle with guide, Korean type) was inserted using a short-axis approach at a 80-degree
angle with skin and advanced toward the muscle injury according to the technique described by
Valera-Garrido and Minaya-Murioz [47] (Figure 2). A physiotherapist with more than 10 years of
experience in ultrasound evaluation and over fifteen years of experience in invasive therapy applied
the PNE technique. Oral paracetamol was used when necessary for the purpose of pain relief in the
first 24 h after PNE intervention.
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Figure 1. Medically certified device (Physio Invasiva®, PRIM Physio, Spain). (A) Device; (B) cathode
(modified electrosurgical scalpel with the needle); (C) needle holder; (D) needle; (E) anode (handheld
electrode).

Figure 2. Percutaneous needle electrolysis (PNE) technique for rectus femoris muscle injury. (A) Graphic
scheme in transverse plane. Short-axis approach at an 80-degree angle into the area of muscle injury
(dark red part). (B) B-mode ultrasound image of PNE technique in which arrowhead represents the
tip of the needle in a short-axis approach in area of muscle injury. (C) B-mode ultrasound image of
PNE technique in which the white area represents the hydrogen gas released during the electrolysis.
RF: rectus femoris; VM: vastus medialis; VL: vastus lateralis; VI: vastus intermedius; IT: intramuscular
tendon of RF muscle.
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3.2. Rehab and Reconditioning Program (RRP)

The rehab and reconditioning program was divided into two parts: an indoor rehab (IR) program
and an on-field reconditioning (OFR) program. The IR program, focused on restoring the athlete’s
neuromuscular function [48], had a duration of approximately 8-9 days post-PNE. This program was
further divided into two phases. The initial phase (Phase 1, Table 3) was based on the optimization of
range of motion (ROM) and strength. Progressive muscular tensions at different ROMs and movement
velocities [49] were prescribed to protect it against future demands and promote connective tissue
repair (48 h, 72 h & 96 h post-PNE-Table 3). Hip, pelvic and thoracic spine mobility, single leg strength
training, and dynamic tasks that combined isometric activation with stretch-shortening cycle of the
lower limb muscles were included in this initial phase. The second phase (Phase 2, Table 4) began
5-7 days post-PNE and focused on tasks based on the absorption and production of force in different
planes. This acted as a link toward the progression of movement skills in order to optimize lineal
and multidirectional movements [38,39,50]. Players were instructed to perform the included exercises
within a pain score of 2 on a numerical rating scale from 0 to 10, where 0 represented no pain and 10
was the most extreme pain possible. Players were encouraged to increase the load with minor pain
corresponding to 2 of 10; that is, if pain was <1 of 10, they were encouraged to increase the load, and if
pain was >3 of 10, the load was reduced [51].

The OFR program (Phase 3, Table 5) focused on an optimal reconditioning to prepare the player
for the competition demands through technical and coordination drills (OF-1, OF-2, OF-3, and OF-4),
which were increased in terms of complexity and demands of decision making [38,52]. In addition,
global positioning system (GPS) and accelerometer data were used to training load monitoring during
the OFR program. When the player successfully completed all item of the RRP and progression criteria,
they were declared fit to train with the team.
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Table 3. Indoor rehab program—~Phase 1.

7 of 18

Indoor Phase Date

Description

Volume (Time)

24 h-Post PNE

Pelvic Assessment

- Assessment of the Pelvis architecture: Anterior-Posterior Pelvic Tilt.
- Reestablish and identify deficits in ROM of Hip-Thoracic spine.

- Activation synergists muscles + Inhibition over-actives muscles.

40

48 h-Post PNE

24 h Post PNE + Strength Training Eccentric-quasi-isometric (EQI)

- Single leg Deadlift 2 x 6; Hip Thrust 2 X 8 x 4”; Step-Down on Box (45 cm) 4 X 4” iso.

- Lunge-position 4 x 7” isom; Med Ball Lunge-position Isometric chest throw (x8)
(3-5Kg.) (Back position leg injured).

- Med Ball Lunge-position Isometric overhead hold (4 x 12”) (3-5 Kg.) (Back position
leg injured).

40

Phase 1 (ROM & Strength)

72 h-Post PNE

48 h Post PNE + Strength Training (ISO + SSC) + Absorption/Landings (Frontal Plane)

- Single leg Squat Bulgarian 1—2 x 8” + 2 SSC slow Motion; Lunge-position 2 X 6”
isom. + 2 Split Jumps in each cycle.

- Absorption/Landings (Single leg): Lateral Bound and stick (x4); Single leg depth bound
and stick (45 cm) (x4); Box Lateral Bound (25 cm) (1:1) (x4).

45’

96 h-Post PNE

72 h Post PNE + Strength Training + Absorption (Multiplane)

- Lunge-position iso. 3” + Switch Jump Lunges (x6); Reverse Lunges on step + Med
ball Overhead hold (x6 x 4”).

- 2 Switch Jump Lunges + Step-up to Box (x5); Lunge-position (Front Leg on Box 25
cm—Back Leg Injured on Box 45 cm) + Reverse Step x4 (5 Kg.).

- Switch Jump Lunges + Med ball Chest Throw (x6); Switch Jump Lunges + Med ball
Overhead Throw (x6).

- Absorption/Landings: Drop Split Squat (x4); Single leg Squat Bulgarian + Med ball
(2 Kg.) Overhead Throw + Reverse Step (x6).

50

Exit Criteria

- Overcome items of phase 1 (with minor pain corresponding to 2 of 10).

- No resting pain (DOMS accepted).
- Full pain free ROM of lower-velocity tasks.

- Pain free contractile function/strength in mid-, inner and outer range (with minor pain corresponding to 2 of 10).

- Absorption force pain free.

- Ultrasound imaging confirmed a correct alignment of muscle fibers without evidence of edema.

ROM: range of motion; EQI: eccentric-quasi-isometric; ISO: isometric tension; SSC: stretch-shortening cycle; DOMS: delayed onset muscle soreness; PNE: percutaneous needle electrolysis.
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Table 4. Indoor rehab program—~Phase 2.

8 of 18

Indoor Phase Date Description Volume (Time)

Linear Running Performance + Rate of moment production and absorption

(Multi-Plane-Plyos) (18-20 contacts)

- Reverse Sled Drag (2 x 12 + 15 m) (80-100%); Prowler march (2 X 12 + 15 m)
(90-100% BW).

- Running Drills (Mini-Medium Hurdles Running Training drill) (6 hurdles) (Slow ,
Motion) (x4). 50

- Switch Jump Lunges (Back position leg injured) + Lateral hop box and Stick (x4);
Single leg Lateral Depth + Horizontal Jump (1:2) (x4).

- Switch Jump Lunges on two boxes (45 cm) (x6); Bench between Leg-Jump (CM]J) 2:1

Phase 2 (Development of (45 cm) (Frontal Plane) (x4) (Injured leg).
movement skills) Days 5-7 Post PNE

Multidirectional performance + Rate of moment production and absorption
(Multi-Plane-Plyos) (18-20 contacts) + Movement Skills
- Shulffle resisted (x6); Band assisted Deceleration + Landings Single Leg (x6).
- Split Step to Hip Turn (x6); Accel (5-7 steps) + Deceleration Mechanism (x4). 60’
- Single leg Depth Jump + Accel (3—4 Steps) (x4); Single leg Depth Jump + Cutting +
Accel (34 Steps) (Frontal Plane) (x4).

Return to Running
- March, Skipping, Bounds (4 x 12-15 m).
- Treadmill Running (14 Km-h™1) (6 x 457/45").

Exit Criteria

Running movement performed pain free (45% maximum speed).

Multidirectional movements performed pain free (low and medium speed).

Optimize rate of moment production and absorption in multiplane motion.

Ultrasound imaging confirmed a correct alignment of muscle fibers without evidence of edema.

CM]J: countermovement jump; BW: body weight.
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Table 5. On-field reconditioning program—Phase 3.

On Field Phase Date Description Volume (Time)

Day 9-10 Post PNE (OF-1) - Change of directions drills in closed skills. 25/
- Sport-Specific technical skills with ball.

- Analytics RSA (Linear / Curve Sprint).
- Uphill submaximal sprint (14 m) (3 x 2) density 1:1.

Day 11 Post PNE (OF-2) - Deceleration and re-acceleration patterns in closed skills. 35’
- Agility and coordination drills (with and without a ball in the same action) in
closed skill.
Phase 3 Day 12 Post PNE - Recovery Session: Mobility + Self-Myofascial release. 20’

- On-Field session 1.
- Reeducation kicking drills.

Day 13-14 Post PNE (OF-3) - Sport-specific RSA with agility and coordination drills closed/open skills. 40
- Back pedal drill + 45° CoD in open skill (Inverted Y cone drill).
- On-Field session 2.
Day 15 Post PNE (OF-4) - Specific drills, including change of direction with uncertainty and RSA. 50

- Tactical Skills with ball repeated efforts.
- Specific kicking drill, including RSA (3 x 2 kicking) in open skill.

Exit Criteria

- Overcome items of phase 3 in absence pain (with minor pain corresponding to 2 of 10).

- Individual sport-specific drills.

- Return to multidirectional skills, sprint speed, acceleration and deceleration velocities (High speed-RSA-open skills).

- Kicking in absence pain.

- Training load monitoring with GPS (>70% Game Load) (Running >90% Max. Speed, HSR, Sprints accumulated to RTT demands).
- Ultrasound imaging confirmed an optimal muscle repair.

OF-1: on-field 1 (days 9-10 post PNE); OF-2: day 11 post PNE; OF-3: days 13-14 post PNE; OF-4: day 15 post PNE; RSA: repeated sprint ability; CoD: change of direction; PNE: percutaneous
needle electrolysis.
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4. Variables and Data Analysis

4.1. Return to Training and Return to Play

The number of days between the injury and the return to training (RTT), return to play (RTP 1),
and following match (RTP 2) were counted.

4.2. Ultrasound

Ultrasound scanning of the injured area was performed every three days with the help of Compare
Assistant LOGIQ™ software (GE Healthcare®, Milwaukee, W1, USA) to compare prior examinations
with the current one for confidence.

4.3. GPS Match Variables

GPS data (WIMU PRO™, Real Track Systems®, Almeria, Spain) was collected for all players from
all matches in which they participated before (PRE: PRE 1 and PRE 2) and after (RTP: RTP 1 and RTP
2) injury. This pre-injury data would serve as a control group for this cohort, as it would permit the
comparison with the aim of evaluating the effects of the intervention, on the performance of the injured
player. This could only be registered on 10 players, since three players were injured in the preseason,
and there were no data from official competitions prior to the injury.

The variables used to compare the performance represented actions where the quadriceps are
known to be the most active: in accelerations, high intensity runs, and sub-maximal and maximal
sprints [53]. The variables measured were (a) total distance covered in m (as a reference value);
(b) distance covered at high intensities (between 18.1-21.0 Km-h™1) in m; (c) distance covered at very
high intensities (21.1-24.0 Km-h™1) in m; (d) distance covered at sprint velocities (above 24.0 Km-h™1)
in m; (e) the peak speed registered in Km-h~!; (f) the peak acceleration registered in m-s~2; and (g) the

explosive distance (i.e., the distance covered when the acceleration exceeded 1.2 m-s_Z) in m-min~1.

4.4. Statistical Analysis

The GPS data recorded were compared, pre-injury vs. post-injury values, using a repeated
measures ANOVA. Post-hoc corrections were made with Bonferroni corrections considering the
following analyses only: PRE 2 vs. RTP 1, PRE 2 vs. RTP 2, PRE 1 vs. RTP 1, and PRE 1 vs. RTP 2.
All calculations were carried out with Jamovi 1.2.17 (version 1.2) with « = 0.05.

4.5. Adverse Events

The soccer players were asked to report any adverse events that they experienced during or after
the PNE technique and RRP. Adverse events can be defined as sequelae of medium to long term in
duration, with moderate to severe symptoms, perceived as distressing and unacceptable and requiring
further treatment [54].

4.6. Follow-Up

After RTP, the players were followed up in the short term (1 week), medium term (8 weeks) and
long term (20 weeks) to assess a possible re-injury and adverse effects.

5. Results

Participants returned to full team training (RTT) in 15.62 + 1.80 days and returned to play (RTP 1)
in 20.15 + 2.79 days and played a total of 94.6 + 1.20 min. The following match (RTP 2) was in 29.62 +
3.95 days following the index injury with a match time 95.1 + 1.14 min.
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5.1. Ultrasound

Initially, all players presented images showing a fibrillar defect in the myotendinous junction
of rectus femoris muscle with surrounding edema, without fluid collection/hematoma drainable,
consistent with a grade Il strain injury (Figure 3A). In 92.3% of the cases, the ultrasound examination in
the day 7 post-PNE showed a significant change in the extent of edema and fiber disruption (Figure 3B).
One player needed one additional session of PNE (7 days post-PNE-1). Ultrasound follow-up at
14 days showed an almost complete disappearance of the injury pattern of the muscle in all players in
the ultrasound image (Figure 3C).

Figure 3. Transverse B-Mode ultrasound images of the evolution of the injured muscle. (A) Initial.

48 h post-injury. Ultrasound imaging shows muscle fiber discontinuity at the level of tear (arrowhead),
with surrounding echogenic muscle edema (asterisk). (B) Ultrasound imaging at seven days post-PNE.
(C) Ultrasound imaging at 14 days post-PNE.

5.2. GPS Parameters

On comparing the data from the GPS data (Figure 4), there were significant differences between
the GPS recorded distances at high intensities (F (3,27) = 4.67, p = 0.009, n? = 0.087) and distances
covered at sprint speeds (F (3,27) = 2.98, p = 0.049,? = 0.108) but no significant differences for distances
covered at very high intensities (F (3,27) = 0.699, p = 0.561, n? = 0.010). Post-hoc comparisons showed
a significant decrease between PRE-1 and RTP 1 in distances covered at high intensities (p = 0.007).
All other post-hoc comparisons between PRE and RTP data showed no significant differences between
data registered at PRE and POST. A comparison of the total distance run showed significant differences
between the matches, with the distances run during RTP 2 being significantly higher than PRE-2
(p < 0.001) and PRE-1 (p < 0.001); and the distance run at RTP 1 was higher than that at PRE-2 (p = 0.007).

The variation in peak speed (Figure 5) was not significant between the different instances (F (3,27)
=249, p =0.136, n? = 0.126). However, a significant difference was observed for the peak acceleration
registered (F (3,27) = 4.74, p = 0.009, n? = 0.257), although post-hoc comparisons showed no significant
differences between the different instances. The explosive distance showed significant differences
between the instances (F (3,27) = 13.4, p < 0.001, n? = 0.481), and post-hoc comparisons showed
significantly higher values for RTP 2 compared to PRE-2 (p < 0.001) and PRE-1 compared to RTP 1
(p < 0.001).
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Figure 4. Absolute total distance and absolute distances run in different velocity ranges by the
participants in matches before (PRE) and after (POST) a rectus femoris injury. * indicates a significant
difference between instances at p < 0.05. ** indicates a significant difference between instances at
p <0.001.
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Figure 5. Peak speed, peak acceleration, and explosive distance covered by the participants in matches
before (PRE) and after (POST) a rectus femoris injury. ** indicates a significant difference between
instances at p < 0.001.

5.3. Adverse Events

There were no serious adverse events reported, whereas minor adverse events were common.
It included pain during PNE (100%) and local soreness after treatment (23.1%) that resolved
spontaneously within 2448 h without any intervention.

5.4. Follow-Up

No player suffered a reinjury 20 weeks following RTP. Also, there were no dropouts during the
development of the study.
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6. Discussions

This study describes the intervention of percutaneous needle electrolysis treatment along with
a rehab and reconditioning program following an injury to the rectus femoris in professional soccer
players. Ultrasound images during the reconditioning and performance parameters after return
to play were registered to assess the effectiveness of the intervention. A short-term, medium-term,
and long-term follow-up was also carried out, and the results showed that the injured muscle recovered
completely and were no reinjuries or adverse effects reported in the 20 weeks following the index injury.

The apparent success of the program was highlighted by the relatively short times for RTT and
RTP and similar physical performance parameters before and after injury. The duration for RTT (mean:
15.62 days, median: 14 days) and RTP (mean: 20.15 days, median: 19 days) was lower than previous
studies, which reported a mean layoff duration of 33 (median: 22 days) [10] to 46.8 days [55] for a
grade II rectus femoris injuries, although these results must be taken with caution, given the lack of
a control group in the study. When comparing physical match parameters before and after injury,
the distances covered at the different speed thresholds were similar, and so were the peak values of
speed and acceleration registered, suggesting that the participant not only recovered from the previous
injury but also did not suffer a substantial loss in terms of their conditioning. Moreover, the gradual
improvements in the variable of explosive distance suggests an optimal evolution in the ability to
continue competing without a risk of reinjury. Given that the match schedule and opponents were
not under the control of the researchers, nor the fact whether the player would go on to play the full
90 min, the similarity in values indicate a successful short-term recovery of the participant. Such a type
of follow-up with GPS data has been previously reported to indicate the success of the rehabilitation
applied [56]. This positive progress of the players appears to have been facilitated by the structural
and functional changes noted during the injury reconditioning process.

Considering the structural data, important changes in terms of the extent of edema and fiber
disruption were noted in all cases presented in this study early in the muscle healing process. Different
authors [32,33] have evaluated the effect of the application of PNE such as on a model of muscle
injury in animal tissue such as the rat, reproducing a physiological environment very similar to that in
humans. They concluded that the application of PNE in an animal model of muscle injury reduces the
recovery time of the damaged muscle tissue because of the galvanic current facilitates the inflammatory
reaction and muscle irrigation, thereby, helping muscular regeneration and, simultaneously, improving
the recovery of the injured muscle tissue at an earlier time (from 72 h to seven days post-PNE). The PNE
protocol applied was similar in this study, and the results obtained are comparable and evident from
the ultrasound scans. This regeneration of injured muscle is a crucial feature enabling the progression
on to the functional tasks described in the RRP.

The RRP was designed in such a manner that it followed and complemented the PNE applied
48 h earlier. The early start of the RRP (Table 2) showed a promising advantage when compared other
interventions [55], where the rehabilitation and reconditioning program for rectus femoris consisted
initially of absolute rest for the first week with the application of ice, compression and non-steroidal
anti-inflammatory medication. Furthermore, in this study, the progression criteria were defined based
on previous research that has stated the importance of reestablishment neuromuscular function from
the initial phases to reduce the layoff period and the risk of re-injury, and thereby, avoiding the loss
of training capacity [48,57]. Mobility, core stability, and strength training exercises were prescribed
from the first days after PNE for this reason. Due to the biarticular function of the rectus femoris,
eccentric-quasi-isometric (EQI) strength training for the muscle at different ranges of movement
and movement speeds were used to stimulate damaged fibers, thereby obtaining different ranges of
muscular tension in the muscle healing process [49]. In the final phase of the indoor rehab program,
the rate of force development and the improvement of movement skills in different planes were key,
specifically in acceleration and deceleration patterns where the rectus femoris is highly involved [37].
Previous research has shown that such tasks help restore coordinated movement patterns that are
essential for athletic success in the future [58].
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During the on-field reconditioning program, drills with repeated sprints [59], multidirectional
drills, and soccer-specific technical skills were included, with special emphasis in kicking drills [37].
The load and decision-making progressively increased in order to optimize the functions of the rectus
femoris and reconditioning the players in order to prepare them for the demands of competition
and training [38,52]. The constant monitoring of the evolution of the repair of injured tissue through
ultrasound, provided the researchers with important progression criteria to be taken into account in
the progress of the RRP.

An important part of the study was that the participants did not suffer any re-injury or serious
adverse effects in 20 weeks following RTP. Epidemiological research has reported that the recurrence
rate of a reinjury to the rectus femoris in the weeks following the RTP varied between 5% [21] and
6.4% [22]. As in previous studies, only post-needling soreness was reported, which is a frequent effect
after PNE, usually lasting less than 48 h [60]. These results reinforce the medium and long-term success
of the PNE + RRP, the progression of which is based on criteria and not time, and this in turn not only
might reduce the reinjury risk, but also prepare the athletes for what they would be exposed to during
the season.

However, given the small sample size, the results of this study, although promising, must be taken
with caution. The absence of a control group is one of the main limitations of the present study. But it
is important to highlight that in an elite professional environment is very difficult establish control or
placebo group. The reason of choosing a single exposure cohort [61] was to reflect the practical realities
in an elite, professional environment where all injured players were exposed to the same PNE and RRP
program as per the decision taken by the club’s medical and technical staff team. Nevertheless, in this
paper, the results were compared to those obtained in the few previous studies that reported on rectus
femoris injuries and showed faster mean and median recovery times.

Another limitation to this study was the use of a combination of qualitative and quantitative criteria
to determine progress, although this is, to the authors’ knowledge, the first study to detail progression
criteria in scientific literature on rectus femoris injuries. There was an absence of a purely objective,
biomechanical test that could measure the functional capacity of the rectus femoris during or after
the rehabilitation and reconditioning process. On such an occasion, tests such as electromyographic
evaluation could not be conducted due to decisions beyond the control of the researchers when
working with elite athletes. Incorporating such testing could probably help reinforce the complete
rehabilitation of the rectus femoris muscle. Although ultrasound was used for injury diagnosis and is a
valid tool for the evaluation and monitoring of muscle injury in future studies, it was used qualitatively,
and decisions were made based on the operator’s experience. Objective quantification of these images
could be carried out in future studies, and this could be complemented with the information provided
by magnetic resonance imaging. Also, such a study could be implemented in the case of non-elite
participants, where the possibility of a randomized clinical study could explain the findings of this
study with more detail.

7. Conclusions

An early intervention with PNE and RRP in soccer players with injuries to rectus femoris appeared
to allow a safe return to training and to competition without re-injuries in the short, medium, and long
term. Assessment of the evolution of the injured tissue through a combination of ultrasound imaging
and functional criteria give the impression that they were crucial to make better decisions during the
process. In addition, the use of GPS provided information about the athlete’s performance after the
injury, where the injured player reached similar values when compared to those pre-injury, which
possibly indicated the importance of the intervention.
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