
Case Series

Volume 7 • Issue 3 373 

Affiliation:
SportPraxis Professor Knobloch, Hannover, 
Germany
*Corresponding Author:
Prof. Dr. Karsten Knobloch, SportPraxis Professor 
Knobloch, Hannover, Germany.

Citation:  Karsten Knobloch. Novel Transcranial 
Pulse Stimulation (TPS) in Football-Related 
Concussion - A Pilot Case Series. Journal of 
Orthopedics and Sports Medicine. 7 (2025):  
373-378.

Received: July 16, 2025 
Accepted: July 23, 2025 
Published: July 31, 2025

Novel Transcranial Pulse Stimulation (TPS) in Football-Related Concussion 
- A Pilot Case Series
Prof. Dr. Karsten Knobloch, FACS1*

Abstract
Introduction: Concussion has been evolved as a crucial factor especially 
in collision high-impact sports like Soccer, American Football, Rugby, and 
Ice hockey. Transcranial pulse stimulation (TPS) is a novel MRI-navigated 
application of focused electromagnetic extracorporeal shockwave therapy 
(ESWT) to the brain. In mild to moderate Alzheimer dementia TPS has 
been shown to significantly improve function and decrease depression 
symptoms in a clinically significant way. It can improve neuroplasticity 
in healthy volunteers. 

Hypothesis: TPS is feasible and safe in football-related concussion.

Methods: Five male amateur soccer players (25±6yrs) with football-
related concussion were included in this pilot trial. TPS treatment with 
Neurolith (Storz Medical Tägerwilen, Suisse) was done on average 48±12 
hours after the injury with 6000 shots 0,2mJ/mm2 and in total three TPS 
sessions every second day. Multiparametric SCAT6 evaluation was done 
immediately after concussion and at day 7 according to the concussion 
consensus recommendations.

Results: All five male amateur soccer players tolerated the three TPS 
session well without any adverse effect. Initial SCAT6 revealed 13±2 
symptoms (out of 22) with 24±8 symptom severity (out of 132), orientation 
5/5, immediate memory 29/30, concentration 5/5, delayed recall 10/10. 
Day 7 SCAT6 revealed with 4±3 less symptoms (out of 22) with 9±4 lighter 
symptom severity (out of 132), orientation 5/5, immediate memory 30/30, 
concentration 5/5, delayed recall 10/10. Return to play was 7±3days.

Conclusion: In this pilot trial, TPS in football-related concussion was well 
tolerated and without adverse effects. Return to play was short with 7 days 
on average. SCAT6 testing revealed a rapid symptom improvement within 
a week in amateur football players. This pilot observation warrants future 
larger-scale clinical controlled trials on TPS in football-related concussion.

Keywords: ESWT - extracorporeal shockwave therapy; TPS - Transcranial 
pulse stimulation; Concussion - return to play – soccer; Soccer; American 
Football; Rugby; Ice hockey

Introduction
Concussion has been evolved as a crucial factor especially in collision 

high-impact sports like Soccer, American Football, Rugby, and Ice hockey. 
Concussion is a traumatically induced transient disturbance of brain function 
and involves complex pathophysiological process. 

The 2022 consensus statement on concussion in sports define [1]:



Prof. Dr. Karsten Knobloch, FACS., J Ortho Sports Med 2025
DOI:10.26502/josm.511500217

Citation:	Karsten Knobloch. Novel Transcranial Pulse Stimulation (TPS) in Football-Related Concussion - A Pilot Case Series. Journal of 
Orthopedics and Sports Medicine. 7 (2025): 373-378.

Volume 7 • Issue 3 374 

"Sport-related concussion is a traumatic brain injury 
caused by a direct blow to the head, neck or body resulting 
in an impulsive force being transmitted to the brain that 
occurs in sports and exercise-related activities. This initiates 
a neurotransmitter and metabolic cascade, with possible 
axonal injury, blood flow change and inflammation affecting 
the brain. Symptoms and signs may present immediately, or 
evolve over minutes or hours, and commonly resolve within 
days, but may be prolonged.

No abnormality is seen on standard structural 
neuroimaging studies (computed tomography or magnetic 
resonance imaging T1- and T2-weighted images), but in 
the research setting, abnormalities may be present on 
functional, blood flow or metabolic imaging studies. Sport-
related concussion results in a range of clinical symptoms 
and signs that may or may not involve loss of consciousness. 
The clinical symptoms and signs of concussion cannot be 
explained solely by (but may occur concomitantly with) 
drug, alcohol, or medication use, other injuries (such as 
cervical injuries, peripheral vestibular dysfunction) or other 
comorbidities (such as psychological factors or coexisting 
medical conditions)."

Animal and human studies support the idea of post-
concussive vulnerability, showing that a second blow before 
the brain has recovered results in worsening metabolic 
changes within the cell. The concussed brain is less responsive 
to usual neural activation and when premature cognitive 
or physical activity occurs before complete recovery the 
brain may be vulnerable to prolong dysfunction. A history 
of concussion is associated with a higher risk of sustaining 
another concussion. Repeated sports-related concussions 
appear to have a cumulative impact on clinical-but not 
cognitive-symptom severity [2]. Although clinical symptom 
burden in athletes with 3+ concussions in the past was not 
alarmingly high yet, increased caution should be advised at 
this point. A recent trial revealed an incidence of 5.3 per 1000 
athlete exposures at Copa America 2019 tournament [3]. In 
the lockdown period 2020, the injury rates in US professional 
men's soccer significantly increased for ACL injuries, muscle 
injuries and concussions vs. 2018/19 [4].

Three distinct subsets of head injury mechanisms are 
prevalent in soccer [5]: 

• head-to-equipment

• head-to-surface

• head-to-player

Return to play may differ in these regards: those with
head-to-equipment/ground injuries spent the shortest time 
until unrestricted return to play, while those with head-to-
ball injuries had the longest time [6]. Notably, a human finite 
element model revealed that the occiput is most susceptible to 

brain injuries [7]. In line, soccer ball speeds of 14.0m/s on the 
occiput differ from 17.2m/s on the frontal head and 17.8m/s 
on the temporal location. In sports with similar playing rules, 
the reported incidence of concussion is higher in female than 
in male athletes. Why female soccer players experience a 
concussion more often than their male counterparts is still a 
question of debate [8].

The primary concern of too early return to play is a 
decreased reaction time leading to an increased risk of repeat 
concussion or other injury. As such, subclinical concussion 
has been recently identified as a risk factor for anterior 
cruciate ligament injury [9]. 

Chronic traumatic encephalopathy (CTE) is a 
neurodegenerative disease that has been neuropathologically 
diagnosed in brain donors exposed to repetitive head impacts, 
including boxers and American football, soccer, ice hockey, 
and rugby players like Alzheimer disease. At a microscopic 
level, the neurons, glia, and blood vessels of the brain are 
stretched when imperiled by rapid acceleration, deceleration, 
and rotational forces. More specifically, it is believed that 
axonal injury, micro-hemorrhage with subsequent loss of 
blood-brain barrier integrity, and the inflammatory cascade 
caused by activation of glial cells ultimately results in the 
deposition of both tau protein and neurofibrillary tangles in 
specific regions of the brain characteristic of CTE. Thus, CTE 
is considered a tauopathy along with Alzheimer's disease and 
other neurodegenerative diseases. 

Transcranial pulse stimulation (TPS) is a novel 
MRI-navigated application of focused electromagnetic 
extracorporeal shockwave therapy (ESWT) to the brain. In 
mild to moderate Alzheimer dementia TPS has been shown 
[10] to significantly improve function and decrease depression
symptoms in a clinically significant way. It appears that TPS
normalizes the electric activity in EEG in Alzheimer. It can
improve neuroplasticity in healthy volunteers. Therefore,
given the similarities of the late potential sequelae of
repetitive traumatic brain injuries, I developed the following
hypothesis: TPS is feasible and safe in football-related
concussion.

Methods
Five male amateur soccer players (25±6yrs) with football-

related concussions were included in this pilot trial. 

Intervention
Extracorporeal shockwave therapy (ESWT) is widely 

used in musculoskeletal disorders of tendons, bones and 
muscles [11-13]. It is known to act via mechanotransduction 
and can elicit a protein response depending on the disease 
state of the tissue treated. Transcranial pulse stimulation 
(TPS) is an innovative method incorporating electromagnetic 
generated focused extracorporeal shockwaves (ESWT) with 
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MRI-real time navigation into distinct regions of the brain 
(Figure 1,2).

tremor after a single session [18]. A randomized-controlled 
trial of TPS in attention-deficit/hyperactivity disorder in 
young adolescents is underway in Hongkong [19].

TPS treatment parameters
In this pilot trial TPS treatment with Neurolith (Storz 

Medical Tägerwilen, Suisse) was done on average 48±12 
hours after the injury with 6000 shots 0,2mJ/mm2 and in total 
three TPS sessions every second day (Figure 3). 

Figure 1: Transcranial pulse stimulation (TPS) using MRI-
navigated focused electromagnetic extracorporeal shockwave 
therapy (Neurolith).

Figure 2: Focused electromagnetic extracorporeal shockwave 
therapy penetrating the brain through the bony skull.

Figure 3: Setup of TPS for concussion in SportPraxis Professor 
Knobloch.

The new technique of transcranial pulse stimulation 
(TPS) may be based on direct stimulation and reactivation 
of neurons in the brain [14]. Momentum transfer is the basic 
physical mechanism and the initiator for successive biological 
processes in medical shock wave therapy.

TPS has been reported to induce neuroplastic changes 
when stimulated at the left primary somatosensory cortex 
for more than a week after a single treatment session [15]. 
In a randomized trial with 60 Alzheimer dementia (AD) 
patients TPS could significantly improve cognitive scores 
with an upregulated memory-associated brain activation and 
functional connectivity in the attention network [16].

The current by far largest report [17] involving 58 patients 
with Alzheimer's disease (AD) found a clinically relevant 
improvement of the CERAD score after 10 TPS sessions. In 
Parkinson's disease, TPS could significantly reduce resting 

Patients were seated comfortably and treated over 
30minutes.

Since concussion is believed to affect the entire brain 
given the variety of symptoms, the entire cortex was treated 
with TPS under MRI-navigation, where color-changes 
indicate the amount of shots applied in a distinct area.

Concussion assessment
The Concussion in Sport Group (CISG) integrated 

measures into one multimodal tool designed to assist clinicians 
by standardizing an acute assessment across several domains 
of functioning. The original Sport Concussion Assessment 
Tool (SCAT) was published in 2005 [20] and contained 
educational information, a concussion symptoms scale and 
information on management of concussion. In the years that 
followed several iterations of the SCAT have been published, 
informed by empirical data, systematic reviews and clinical 
experience. Each iteration of the SCAT evolved along with 
the scientific literature, with each version increasingly 
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• The SCAT6 is not intended to be used in isolation for
making return-to-sport decisions.

Multiparametric SCAT6 evaluation was done immediately 
after concussion and at day 7 according to the concussion 
consensus recommendations.

Results 
Adverse effects

All five male amateur soccer players tolerated the three 
TPS session well without any adverse effect. 

Baseline SCAT6 assessments
Initial SCAT6 revealed 13±2 symptoms (out of 22) 

with 24±8 symptom severity (out of 132), orientation 5/5, 
immediate memory 29/30, concentration 5/5, delayed recall 
10/10 (Figure 4). 

representing the complexity and multimodal nature of SRC 
assessment [21].

As far as SCAT6 is concerned, the following considerations 
are worthwhile:

• The SCAT is most effective in discriminating between
concussed and non-concussed athletes up to 7 days
postinjury, with diminishing clinical utility after 72 hours.
It is suggested that if the time frame is greater than 7 days
after injury, the SCOAT6/Child SCOAT6 should be
considered.

• The SCAT6 is for use with adolescents (>12 years), and
adults. The Child SCAT6 is for use with children aged
8-12.

• The SCAT6 is intended to be an aide in the standardized
evaluation of SRC during the acute phase of injury. It is
not intended to be used as a stand-alone diagnostic tool
but rather to inform clinical assessment and diagnosis.

• It is important to underscore that ‘concussed’ athletes
may perform within normal ranges on the SCAT6 (false
negative) just as ‘normal’ individuals may perform poorly
(false positive).

• Interpretation of SCAT6 data is a clinical endeavor that
includes examining the athlete in the context of personal,
psychological, social, cultural, athletic, medical, injury
characteristics/mechanism and educational history/
factors.

• Clinicians must familiarize themselves with best
practices in the administration of standardized tests,
use of appropriate normative data, interpretation of
postinjury scores, psychometric test properties and the
proper analysis of multiple tests used simultaneously (eg,
population base rates) when using the SCAT6.

• Clinicians who choose to use baseline data must
familiarize themselves with reliable change metrics and
base rates of reliable change scores.

• Baseline testing may be useful when resources (eg,
financial, personnel, time) permit, such as at the
professional or elite level, but the evidence does not
support compulsory use at other levels of sport, such as at
the child and adolescent level.

• When a baseline assessment is given, test users should be
familiar with identification of performance invalidity on
the SCAT6.

• Performance well below emerging normative standards
should trigger repeat and/or additional cognitive
evaluation to establish an accurate baseline and/or rule
out true cognitive impairment.

Figure 4: SCAT6 assessment at 1st visit (day 0) and after day 7 for 
amount of symptoms as well as for symptom severity.

Day 7 SCAT 6 assessments
Day 7 SCAT6 revealed with 4±3 less symptoms (out 

of 22) with 9±4 lighter symptom severity (out of 132), 
orientation 5/5, immediate memory 30/30, concentration 5/5, 
delayed recall 10/10. 

Return to play after concussion with TPS
Return to play was 7±3days.

Discussion
This pilot report demonstrates the safety and feasibility of 

transcranial pulse stimulation (TPS), which is MRI-navigated 
focused electromagnetic extracorporeal shockwave therapy 
(ESWT) to the brain in soccer players with concussion. Both 
the number of symptoms as well as the severity of symptoms 
assessed by the validated SCAT6 assessment tool are 
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significantly reduced within a week after three TPS sessions. 
While being a pilot case series in concussion, further larger-
scale controlled trials are mandatory to elucidate the role of 
TPS in concussion in collision sports preferably.

Return to play
The UEFA Elite Club Injury Study [22] reports an 8.7days 

(6,6-10,8) time loss following a concussion in professional 
soccer. In this pilot case series, we found a return to play 
of 7±3days with three TPS sessions starting on average 
48hours after the concussion. It is tempted to speculate that 
an even earlier or immediate start after the concussion and 
potentially more sessions than three TPS session as in this 
pilot report might further improve the SCAT6 assessments 
and potentially shorten the return to play time even more. 

Consensus is that concussion symptoms should be 
resolved before returning to exercise again. A gradual, 
stepwise increase in physical demands and loaded is 
recommended. An aerobic exercise has been recently found 
to be feasible and tolerable via stationary cycling in the post-
acute (14-25 days post-injury) phase of concussion in a RCT 
[23]. Transitory kinesiophobia may be evident within 14 days 
after injury using Tampa scale of kinesiophobia following 
concussion [24]. Notably, in hockey player with a history 
of concussions heart rate variability as a marker for cardio-
autonomic function showed a significant higher standard 
deviation of NN intervals indicating cardio-autonomic 
dysfunction [25]. Furthermore, speech rate in concussed 
athletes aged 19-22yrs is slower with longer average time 
per syllable needing more speech muscle activation than 
controls [26]. 

A recent exploratory study [27] among retired male 
soccer players reveled neurophysiological changes measured 
with transcranial magnetic stimulation (TMS). TPS has been 
studied extensively in Alzheimer dementia demonstrating 
significant improvement in the functional connectivity of 
key brain regions correlated with cognitive improvement 
[28]. These results have been replicated by others [29,30].

Conclusions
In this pilot trial, TPS in football-related concussion was 

well tolerated and without adverse effects. Return to play was 
short with 7 days on average. SCAT6 testing revealed a rapid 
symptom improvement within a week in amateur football 
players. This pilot observation warrants future larger-
scale clinical controlled trials on TPS in football-related 
concussion.

Ethics Approval and Informed Consent 
All patients were informed that data from the cases would 

be submitted for publication and gave consent. 

Funding: There is no funding to report. 

Disclosure 
KK is a lecturer for Storz Medical.
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