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INTRODUCTION 

In the last two decades, sport-related concussion (SRC) has 
received growing attention within the sporting world. High 
SRC incidence rates have been reported for contact team 
sports such as rugby, American football and ice hockey, 
whereas men’s football (soccer) is associated with the low-
est concussion incidence.1 Furthermore, higher rates of SRC 
were found in female football and ice hockey players during 
competition and training. 

Since 2017, the Concussion in Sport Group (CISG) con-
sensus statement has set the benchmark for physicians, 
athletic trainers, sports physical therapists and other 
healthcare providers involved in athlete care at any level 
of sport.2 Sport-related concussion is defined as a subset 
of mild traumatic brain injury without structural anomalies 
on conventional neuroimaging. Headache and dizziness are 
the most common acute symptoms of SRC that usually re-
solve after 7 to 10 days, although 10% to 15% of symptoms 
may persist for a longer period. The CISG statement de-
scribes 11 “Rs” of clinical SRC management: recognize, re-
move, re-evaluate, rest, rehabilitation, refer, recover, return 
to sport, reconsider, residual effects and sequelae, and risk 
reduction.2 After an initial period of 24 to 48 hours of phys-
ical and cognitive rest, a gradual return to sport (RTS) strat-
egy is recommended. 

Feddermann-Demont et al.3 recently presented a sys-
tematic approach for the initial examination, diagnosis, and 
management after SRC for high-level football (soccer) play-
ers, which includes a detailed RTS program. To date, this 
procedure is the only example of a sport-specific compre-
hensive strategy available for team physicians and health-
care personnel to treat SRC athletes. 

In elite ice hockey, concussion protocols of the National 
Hockey League (NHL)4 and International Ice Hockey Fed-
eration (IIHF)5 exist and are consistent with the CISG con-
sensus and RTS guidelines. While the CISG-RTS guideline 

entails generic activity descriptions (Table 1), the NHL pro-
tocol provides an example of a graded return to play pro-
gression for ice hockey players after SRC. 

This clinical commentary presents a detailed RTS pro-
gram for high-level ice hockey, which is based on the most 
recent recommendations as well as clinical and practical ex-
perience. The proposed comprehensive protocol specifically 
aims to optimize performance in elite male and female ice 
hockey players after SRC. 

RETURN TO SPORT 

While the team physician (or designee) supervises the RTS 
protocol,2,3 sports physical therapists, athletic trainers, and 
conditioning coaches closely cooperate to monitor the in-
jured player throughout the various RTS stages. 

Based on CISG guidelines, SRC players are progressively 
exposed to training activities (known as graduated RTS pro-
gression) that do not provoke or worsen symptoms (Table 
1). There should be a period of at least 24 hours (or longer) 
for each progression step. If any symptoms worsen during 
exercise, the athlete should return to the previous stage.2 

The process from one phase to the next should be individ-
ualized based on the current signs and symptoms, and on 
the unique characteristics (i.e. age, experience and skills) of 
each player. 

The 2016 consensus statement on RTS defines three ele-
ments of the “RTS continuum”: return to participation, re-
turn to sport and return to performance.6 While the ulti-
mate aim of returning to pre-injury performance level is 
ideally reached after complying with the consensus RTS 
process, the goal of the supporting staff is to safely and 
optimally guide the athlete through the “training to per-
form” regimen. In a recent editorial, Reinhold7 highlighted 
that sports physical therapy should aim to optimize perfor-
mance: the key concept (or the “performance spectrum con-
tinuum”) not only involves helping the athlete to restore 
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Table 1. Graduated Return to Sport (RTS) Strategy of the Concussion in Sport Group (CISG) 

Stage Aim Activity 

1 Symptom-limited activity Daily activities that do not provoke symptoms 

2 Light aerobic exercise Walking or stationary cycling at slow or medium pace. No resistance training 

3 Sport-specific exercise Running or skating drills. No head impact activities 

4 Non-contact training drills Harder training drills, e.g. passing drills. May start progressive resistance training 

5 Full contact practice Following medical clearance, participate in normal training activities 

6 Return to sport Normal game play 

Consensus adapted from McCrory et al.2 

their baseline function(s), but also requires working with 
them to improve, enhance and optimize performance. 

OPTIMIZING RETURN TO PERFORMANCE 

From a sports physical therapy and athletic trainer perspec-
tive, there is a need to be more actively involved in the RTS 
process rather than passively guiding the athlete. 

While it is paramount to closely monitor SRC symptoms 
(i.e. before/during/after exercising), the inclusion of addi-
tional individual-adapted training activities can help the 
athlete in their “training to perform” at the different stages 
of the RTS program (Table 2). Table 2 outlines an example 
of a suitable RTS program for elite ice hockey players with 
SRC: the athlete should not only progress through the RTS 
stages, but also work on any deficits linked directly (i.e. 
balance abilities) and/or indirectly (i.e. reactive capacities) 
with the SRC. 

In Stages 2 and 3 of the recommended program, the 
player is often supervised by the sports physical therapist 
or athletic trainer: while the focus is set on aerobic exercise 
(initially using a stationary bike or elliptical trainer to avoid 
neck/head impact) and initiating light resistance training, 
further elements can be added to facilitate player recov-
ery.8–10 In the gym, the player may use skates and a stick 
for balance and coordination drills, and the slide board for 
(controlled) agility drills (Figures 1, 2, 3). While the player 
is still far away from the ice, the additional neuromuscular 
training—which should be role-specific depending on 
whether the affected athlete is a player or goalkeeper—en-
hances sport-specific reactive stabilization strategies and 
promotes a positive psychological attitude within the over-
all training regimen. 

If symptoms persist for more than 10 to 14 days, the ath-
lete should be referred to a healthcare professional with 
concussion management expertise.2,11 In particular, this is 
the case for players dealing with vestibular and/or oculomo-
tor deficits (the topic of which is beyond the scope of this 
commentary), who often require comprehensive and tar-
geted management.11–13 

Deficient (or insufficient) activation of the deep cervical 
muscles is a common clinical observation in athletes after 
SRC,14 and it is therefore recommended to implement a 
neck stabilization/strengthening scheme in the RTS pro-
gram usually during Stage 3 when SRC symptoms gradually 
resolve (Figure 4, 5). Despite the controversy surrounding 

Figure 1. Reactive balance/stabilization on skates 
and against elastic resistance (duration/sets to be 
adapted) 

this aspect of cervical involvement, a stable and stronger 
neck may contribute to a lower risk of further injury in ath-
letes post-SRC.15–19 

Within Stage 3, SRC players can begin with easy skating 
(while respecting the sub-symptom threshold) and before 
engaging in non-contact training (Stage 4.1), a basic set of 
on-ice drills is recommended (Stage 3.2). The assumption 
that a symptom-free player in the gym will remain symp-
tom-free on the ice should be avoided; for example, if dizzi-
ness caused by head and/or body rotations has resolved 
with specific vestibular exercises,20 turning and pivoting on 
the ice may invoke renewed symptoms of head pressure 
or dizziness. Therefore, by allowing the player to proceed 
through a set of simple drills, where linear and circular/
rotational moves (forward and backward) with simple and 
dual tasks (i.e. adding puck control, focusing on a fixed/
moving target) are performed, the player is then able to feel 
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Table 2. Graduated Return to Ice Hockey Program for Elite Players 

STAGE AIM(S) ACTIVITY 

1 Symptom-
limited activity 

Daily activities that do not provoke symptoms (e.g. 10 min of slow walking) 

2 Light aerobic 
exercises 
(unspecific) 

3 3.1 Aerobic 
exercise 
(progression) 

No heavy resistance training. 

3.2 Ice hockey-
specific 
exercises 

No contact activities on ice. 
For goalkeepers: controlled and non-explosive movements (T-glide, butterfly, half-butterfly, 
other); no shooting on goal 

4.1 Non-contact ice 
hockey training 
drills 

No contact activities on ice. 
For goalkeepers: controlled and explosive movements; shooting on goal 1:1 with a coach from 
different ranges (short to long) and angles (no slapshots) 

4.2 Ice hockey 
training drills 
with controlled 
contact 

Participation in team training with controlled contact situations (checks on players, checks on 
boards) 
Progressively increase intensity in all training drills 
For goalkeepers: all movements; drills with players shooting (incl. slapshots) on goal from 
different angles 

5 Full contact 
practice (team 

Following medical clearance, participate in normal team training 

a. Cardiovascular exercise on stationary bike; 25-40 min including warm up and cool down; controlled 

activities, low to moderate intensity (ca. 70% HR max); control for stable head/neck position while 

exercising 

b. Mobility/stretching, stabilization and controlled balance (double and single stance) exercises 

a. Introduce interval training on stationary bike (or elliptical; treadmill not first choice because of head/

neck impacts); 25-40 min including warm up and cool down; controlled activities, moderate intensity 

(ca. 70-80% HR max); control for stable head/neck position while exercising 

b. Body training (no resistance/light elastic resistance) 

◦ Mobility and stretching exercises 

◦ Neck stabilization exercises (no resistance) 

◦ Trunk strength/stabilization exercises (no resistance; no explosive movements) 

◦ Basic lower/upper extremities strength exercises (light elastic resistance) in the 3 planes 

of movement 

◦ Balance exercises (double and single stance) on unstable surfaces 

a. Warm up -free skating- for 10 min at low/moderate intensity 

b. Basics skating with rotation/changing of direction 

c. Technical training with the stick/puck (1:1) 

◦ Skating forwards, backwards, sideways, stop & go (not explosive) 

◦ Skating in the face-off circle, figure of 8 between the two face-off circles 

◦ Basics: stickhandling, short/long passing; easy shooting on targets 

a. Cardiovascular training on the ice 

b. Technical training (with small group of players) 

c. Body training (incl. elastic resistance) 

d. Strength training 

◦ Warm up -free skating- for 10 min at moderate intensity 

◦ Interval skating at higher intensities (ca. 90% HR max) with sufficient breaks 

◦ Cool down for 5-10 min at low intensity 

◦ Small size game 

◦ Short/long passing 

◦ Shooting on goal 

◦ Selected drills with passing/shooting 

◦ Agility and reactive quickness drills 

◦ Mobility and stretching exercises 

◦ Neck stabilization exercises (elastic resistance) 

◦ Trunk strength/stabilization exercises (incl. free weights) 

◦ Basic lower/upper extremities strength exercises (elastic resistance; free weights) 

◦ Balance exercises (double and single stance) on unstable surfaces 

◦ Agility and reactive quickness drills 

◦ Keep resistance below about 80% 1RM, no classic weight lifting or exercises with head be-

low the level of the hips (e.g. back extensions on a bench) 

◦ Progressively increase external resistance for multi-joint exercises 

a. Cardiovascular training: to be continued 
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training) 

6 Return to play Normal match play 

HR max = maximum heart rate, min = minutes, RM= repetition maximum 

b. Body and strength training: regain usual routine training (unrestricted) 

c. Assess and assure psychological readiness 

(and the coaches can observe) whether they are experienc-
ing symptoms during these movements on the ice or not 
(Figure 6). The ability to master these drills on the ice with-
out symptoms improves the player’s confidence and raises 
the chances that they will be able to resume non-contact 
team practice efficiently. 

Ice hockey is a fast-paced, contact team sport that re-
quires high levels of reaction time and decision making, 
and athletes after SRC need to master motor and cognitive 
skills concurrently. Affected players usually experience dif-
ficulties with quickness and reactivity drills, which confirms 
recent findings on impaired reaction times during sports-
related movement tasks.21,22 The inclusion of cognitive re-
active agility drills with dual or multitasks (e.g. visuomotor 
reaction time training with the FITLIGHT® system) is 
therefore an important element in the “training to perform” 
part of Stage 4 and beyond (both in the gym and on ice).23,24 

(Figure 7, 8) In addition to strength and conditioning train-
ing, these cognitive reactive agility drills are also necessary 
to minimize subsequent injury risk.25,26 

At Stage 5 of our proposed RTS strategy, the player 
needs, on average, 4 to 5 full team training practice sessions 
(including unrestricted contact) before they can be consid-
ered completely mentally and physically ready for partici-
pation in competition games. As previously mentioned, this 
process is highly individual and should be based on both the 
athlete’s response and staff judgement of the athlete’s per-
formance during training. The psychological readiness for 
competition is crucial, and the use of the Injury-Psycholog-
ical Readiness to Return to Sport (I-PRSS) tool is helpful 
to assess the player’s confidence in performing at the last 
stages of the RTS scheme.27,28 Neurocognitive testing (not 
discussed here) should also be used as part of the RTS deci-
sion-making process.11 Depending on the position, role and 
importance of the player within the team, the coaching staff 
often plan a number of games with increasing ice time (usu-
ally with the farm team) to allow the progressive return of 
the player to competition. With appropriate monitoring of 
the player’s training progression and close interaction with 
the player, the medical and technical staff can best support 
the athlete in the “training to perform” stage of the RTS 
program, which should ideally be a shared decision-mak-
ing process among these stakeholders.6 Ultimately, RTS af-
ter SRC should only occur with medical clearance from a li-
censed healthcare provider who is trained in the evaluation 
and management of concussion.13 

CONCLUSION 

Sport-related concussion is a severe and complex type of 
injury requiring specific rehabilitation management and a 

Figure 2. Balance/stabilization on board with 
stickhandling and moving the puck between two 
plates (duration/sets to be adapted) 

RTS protocol following the CISG guidelines. While respect-
ing these principles, the supporting team comprising a 
sports physical therapist and athletic trainer should work 
with the athlete to restore function as well as optimize and 
enhance their performance. The athlete is constantly su-
pervised by the medical team during this process. Elite ice 
hockey players post-SRC should not only be symptom-free 
and able to participate in unrestricted practice and games, 
they should also be optimally ready at both physical and 
mental levels to perform with minimal re-injury risk. This 
clinical commentary has described a comprehensive RTS 
ice hockey program, which can help injured elite players in 
reaching this goal. 
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Figure 3. Moving on the slide board with an 
oculomotor task (fixing objects at various distances) 
(duration/sets to be adapted) 

Figure 4. Isometric neck stabilization (lateral 
muscles) against a Swiss ball (duration/sets to be 
adapted) – Stage 3 (Table 2) 
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Figure 5. Reactive neck stabilization against elastic resistance, on an instable surface (duration/sets to be 
adapted) – Stage 4 (Table 2) 

Figure 6. Scheme of basic moves on ice: 1) Bully circle, skating one/other directions; 20-30 sec per each 
direction; 2-3 sets with increased speed (stick only/ stick & puck) 2) Figure 8 skating, ½ forwards & ½ 
backwards; 20-30 sec per each direction; 2-3 sets with increased speed (stick only/ stick and puck) 3) A: 
circling 2x => B) accelerate to the boards, stop and back => A) + C) accelerate to boards, stop and back => 
continue (stick only) (duration/sets to be adapted) 
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Figure 7. Visuomotor reactive training on the “Speed Court” (GlobalSpeed GmbH, Hemsbach, Germany). The 
player moves quickly form plate to plate reacting to the given signal on the screen placed on the wall in front 
of him. Drills of about 20-30-40 sec duration (sets to be adapted). Photo courtesy of Steven Lingenhag (Hockey 
Club Davos). 

Figure 8. Several cones on the bully circle line and one in the middle. Player skates quickly and randomly 
between cones (stick/stick and puck). Progression: Fitlights are placed on the cones, and the player skates 
quicky to the cones reacting to the given light signal (stick only). Drills of about 20-30 sec duration (sets to be 
adapted) 
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