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SYNOPSIS

Limited literature exists pertaining to rehabilitation of ice hockey players seeking to return-to-
sport after anterior cruciate ligament reconstruction (ACLR). The purpose of this clinical
commentary is to present a criterion-based, return-to-ice hockey progression for athletes after
ACLR. First, we review pertinent literature and provide previously published guidelines on general
rehabilitation after ACLR. Then, we present a four-phase, on-ice skating progression with
objective criteria to initiate each phase. During the early on-ice phase, the athlete is reintroduced to
specific demands, including graded exposure to forward, backward, and crossover skating. In the
intermediate on-ice phase, the emphasis shifts to developing power and introducing anticipated
changes of direction within a controlled environment. During the late on-ice phase, the focus
progresses to developing anaerobic endurance and introducing unanticipated changes of direction,
but still without other players or contact. Finally, once objective return-to-sport criteria are met,
non-contact team drills, outhumbered and even-numbered drills, practices, scrimmages, and games
are progressively reintroduced during the return-to-sport phase. Recommendations for off-ice
strength and conditioning exercises complement the on-ice progression. Additionally, we apply the
return-to-hockey progression framework to a case report of a female collegiate defensive ice
hockey player who returned to sport successfully after ACLR. This criterion-based return-to-
hockey progression may guide rehabilitation specialists managing athletes returning to ice hockey
after ACLR.
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Introduction

Approximately 250,000 anterior cruciate ligament (ACL) injuries occur each year in the
United States,?! and around 130,000 individuals undergo ACL reconstruction (ACLR).30:34
After ACLR, only 55% of athletes return to their pre-injury competitive level of sport.2
Second ACL injury rates of 20-30% are reported,**1:42 with younger athletes#1:46:47.58 gt
especially high risk for re-injury. While ACL injuries are most prevalent in jumping, cutting,
and pivoting sports (e.g., basketball and soccer), they also occur in other sports.38 ACL
injuries are the third most common knee injury in international ice hockey,>3:%# and account
for 0.7% of all injuries in women’s collegiate ice hockey.2> Recent data from professional
men’s ice hockey players indicate career length and performance are adversely affected after
ACL injury and reconstruction.*8 As such, determining optimal rehabilitation programs for
returning athletes to sport following ACL injury and reconstruction is essential.

Limited evidence exists to guide physical therapists and other rehabilitation specialists
managing hockey players returning to sport after ACLR. Tyler and McHugh suggested the
importance of utilizing neuromuscular rehabilitation, particularly perturbation training, to
facilitate dynamic knee stability in an Olympic women’s ice hockey player returning to sport
after ACLR.5® However, a comprehensive on-ice skating progression was not described.
Pierce and colleagues developed an on-ice, six-phase skating progression for a goaltender
following arthroscopic hip surgery for femoracetabular impingement.#4 This progression,
however, did not address the specific impairments associated with ACLR nor the demands of
a skating (i.e., non-goalie) ice hockey player. Additional guidance for returning athletes to
ice hockey after hip adductor strain6 and other injuries®?:61 provide some framework and
drills to facilitate the on-ice progression; however, the on-ice phases are limited and do not
specifically address deficits associated with ACLR.

Return-to-sport guidelines'? and graded exposures? exist following ACLR for other sports.
Both sports-specific drills and strength and conditioning exercises are essential to
comprehensive rehabilitation. Given the limited availability of ice time experienced by many
non-elite athletes (e.g., high school or collegiate club athletes), designing specific on- and
off-ice rehabilitation training programs may be critical for returning to sport.

The purpose of this clinical commentary, therefore, is to present and describe a criterion-
based return-to-hockey progression and accompanying off-ice strength and conditioning
program. Additionally, we apply the return-to-hockey progression within a brief case report
of a female collegiate club ice hockey defender following ACLR. Our goal is to provide
clinicians a framework—including objective clinical measures—for the successful
management of ice hockey players returning to sport after ACLR.

Early Rehabilitation after ACLR

Following ACLR, impairment resolution and biological healing must occur prior to initiating
a return-to-sport progression. The focus of early rehabilitation is to restore full range of
motion (ROM), resolve knee effusion, normalize gait, and promote quadriceps activation and
neuromuscular control.1:28 Clinical commentaries!28 draw heavily from systematic reviews
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and randomized controlled trials to provide detailed, criterion-based rehabilitation programs.
These programs promote early weight-bearing, restoration of ROM, resolution of effusion
and gait impairments, use of resistance training exercises, and use of high-intensity electrical
stimulation to treat quadriceps strength and activation deficits.2%49:50 Progression is based
on both clinical milestones and healing time frames. Readers may consult these criterion-
based rehabilitation programs®:28 and the complimentary MOON guidelines®3 for general
ACLR rehabilitation.

Monitoring knee effusion®2 and joint soreness may guide appropriate progression of activity
throughout rehabilitation. Performance and progression of activities in the presence of knee
effusion or joint soreness likely have deleterious effects on long-term knee health.
Accordingly, we permit initiation and progression of activity only when minimal or no
effusion is present and only in the absence of joint soreness. The soreness rules, initially
developed for weight-training modifications after upper extremity injury,1> have since been
adapted for use after ACLR. While we are unaware of any empirical evidence supporting
the efficacy of using knee effusion or joint soreness rules, we believe following these
principles is prudent given the high risk of knee osteoarthritis after ACLR.32:3340

In addition to quadriceps strengthening, several other lower extremity muscles merit
consideration for the ice-skating athlete. The forward stride in hockey combines hip
extension, abduction, and external rotation, knee extension, and plantar flexion.”43
Quadriceps muscle torque at both 90°/sec and 210°/sec is positively correlated with ice
skating speed in 11 elite women.18 Higher peak activation and prolonged activation of the
hip adductor magnus (relative to other thigh muscles) occurred at faster forward skating
velocities in 7 collegiate players, highlighting the importance of hip adductor strength and
abductor-adductor muscle balance.® Exercises to address these muscles include: leg press
with theraband around knees, single leg squats, single leg bridge, cable column hip
abduction, adduction, and flexion, knee extensions (90°- 60° knee ROM initially,
progressing gradually to 90° — 0°), and heel raises.

Lateral slide board training has been shown to be a beneficial adjunct to improving
quadriceps strength following ACLR.® Patients who performed slide board training as part
of a home exercise program had greater peak isometric knee extension torque after training
and a higher maximum lateral step height after training and compared to controls. While hip
muscle strength was not assessed following this training, the similarity of the lateral slide
board to ice skating makes it a potentially useful component of rehabilitation for hockey
players. As such, we developed a hockey-specific lateral slide board progression (TABLE 1)
that considers the short interval nature of ice hockey. This progression may commence when
an athlete is >8 weeks post-operative, has full knee ROM, trace or no effusion, and can
complete the activity without knee joint soreness or increased effusion.

Neuromuscular training, including perturbation training, is also an important consideration
for rehabilitating hockey players after ACL injury8:17 and reconstruction.>® Perturbation
training is a type of neuromuscular training designed to improve knee stability and function
during which the athlete stands on an unstable surface (e.g., rollerboard or rockerboard) and
activates lower extremity muscles in response to surface perturbations applied by the
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physical therapist. Once an athlete adapts to these demands, the physical therapist
progressively challenges the athlete by providing more rapid and random perturbations and
incorporating sport-specific activities.17-59 Pre-operative perturbation training’ improves
muscle activation patterns,10-26 restores inter-limb symmetry during gait,10-13.23 and
maintains strength and function after ACLR,23 but there is limited evidence on post-
operative perturbation training. Tyler and McHugh adapted perturbation training to hockey-
specific positions (e.g., forward stride) and surfaces (e.g., slide board for lower resistance) to
improve knee stability in a female Olympic ice hockey player after ACLR.5° This case
suggests that post-operative perturbation training may be a useful component of
rehabilitation after ACLR and can be modified for the demands of ice hockey.

When an athlete is =212 weeks after ACLR and has surgeon clearance, he or she may initiate
a running progression! when objective criteria are met: full and symmetrical knee ROM,
trace or less effusion, and >80% quadriceps strength index (QI). Given limitations of using
manual resistance to assess quadriceps strength,6-37 we recommend using an
electromechanical dynamometer; however, using a one-repetition maximum for knee
extension is an acceptable alternative.28 Running progression advancement is based on the
soreness rules!15 and minimal or no effusion. Slide board training may continue on days
when the athlete is not running.

Return-to-Hockey Progression

The return-to-hockey on-ice progression is broken down into four broad phases: early,
intermediate, late, and return-to-sport. \We present the purposes, criteria, and
recommendations plus sample drills to progress the athlete back to sport.

Early On-Ice Phase

The purpose of the early on-ice phase is to gradually expose the athlete to the specific
demands of skating. We recommend that objective criteria be met prior to initiating this and
each subsequent phase of the return-to-hockey progression (TABLE 2). We also recommend
following the soreness rules!:1> throughout rehabilitation to monitor potential symptom
exacerbation and modifying accordingly.

The early on-ice phase is divided into four sub-phases (TABLE 3), each at least one week in
duration. Increased intensity and more challenging maneuvers are progressively introduced.
For example, an athlete first uses the inside skate edges while forward skating during sub-
phase A, and further incorporates this skill using C-cuts during drill sessions in sub-phase B
(supplemental video 1, on-ice drills). Crossovers in both directions are introduced in a drill
setting (e.g., half circles progressing to full circles). We recommend gradually increasing the
total ice time during each sub-phase according to player level, while monitoring knee
effusion and soreness. Initially, skating should not occur more frequently than every other
day.

Off-ice rehabilitation should include continued strengthening and running as well as
initiation of agility drills 2-3x/week. Developing muscle strength and hypertrophy are the
primary focus in this phase of the strengthening program to provide a base to develop power
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in subsequent phases. If strength deficits persist (i.e., the involved limb strength is <90% of
the uninvolved limb), an athlete may perform an additional set with the involved limb. Off-
ice agility drills (TABLE 4) may commence at this time, gradually progressing in intensity.
Drop jumps with proper form and landing technique should be completed®® prior to
initiating higher level jumping drills (e.g., tuck jumps, split-squat plyometric jumps). The
athlete should continue to perform the running progression (on alternate days as the on-ice
skating progressing) using the soreness rules to guide progress. Continued lateral slide board
training may complement on-ice skating, particularly if ice-time is limited. An ACL brace
may be worn during running, agility drills, and (early) on-ice skating. While limited and
conflicting evidence exists regarding the efficacy of wearing an ACL brace,11:19.31,35,51
many physicians prescribe its use for at least 9-12 months post-ACLR,11:19 thus acclimating
to wearing it is essential for some athletes. The ACL brace presents a unique challenge to
the rehabilitating hockey player, who is unable to wear it and traditional padding (i.e., shin
pads) simultaneously. Therefore, we recommend on-ice use of an ACL brace only when
prescribed by the physician.

Intermediate On-Ice Phase

The purpose of the intermediate phase is to improve power and introduce quick changes of
direction within a controlled and anticipated environment. The partner push drill, partner
pull drill, and power strides are examples of drills designed to improve skating power. Blue
line transitions, pivoting drills, and other skating drills (e.g., figure 8 drill) introduce changes
of direction in an anticipated manner without exposing the athlete to risk of contact. When
athletes demonstrate appropriate technique, we recommend incorporating puck handling into
drills, gradually re-introducing the dual-tasking demands of the sport. Puck handling may
progress to passing with a coach or single teammate and introducing light shooting (i.e.,
wrist and snap shots). We recommend athletes perform intermediate phase drills for >2-4
weeks without increase in effusion or soreness prior to moving to the next phase.

Athletes may concurrently perform the off-ice strength and conditioning program targeting
strength, agility, power, and endurance (TABLE 4). This program (2—-3x/week) complements
the on-ice progression and provides sample exercises addressing the specific demands of
hockey, including core stability (e.g., planks, side-planks, and triple-threat physio-ball series
[FIGURE 1a-f]), squats, stride-length lunges (FIGURE 2), agilities, and plyometrics.
Additionally, once the athlete is able to run three miles without knee symptoms, running
interval training®® may commence, particularly if on-ice availability is limited.

Late On-lce Phase

The purpose of the late on-ice phase is to improve anaerobic endurance and introduce
unanticipated changes of direction without contact. During the late phase, progressively
challenging drills such as blue line sprinting and “suicide” sprints are introduced to target
anaerobic endurance. Unanticipated changes of direction—dictated by visual or audio
stimuli—require the athlete to react and respond in a manner resembling competition.
Passing and shooting drills progress in complexity to further simulate these unanticipated
changes in direction. Shooting drills progress to incorporate slapshots and “one-timers” (i.e.,
shooting the puck without stopping it first). We recommend >2—4 weeks in this phase prior
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to initiating team drills or contact situations, which begin in the return-to-sport phase.
However, if the athlete has progressed quickly through the phases up to this point, he or she
should remain in the late phase and not progress to the return-to-sport phase until being =9
months post-operative. Our recommendation to delay return-to-sport clearance until =9
months after primary ACLR is based on evidence from Grindem and colleagues, who found
a 51% increase in re-injury risk for each month an athlete returned to sport before nine
months post-operatively.22 Recent evidence from a separate cohort of athletes after ACLR
further supports delaying return-to-sport clearance until =9 months post-operatively even in
the absence of clinical or biomechanical gait impairments.8 Further delay (i.e., >10-12
months post-op) is likely warranted for allografts or revision surgeries due to higher risk of
graft rupture in allograft (versus autograft) ACLR38:57:62 and poorer outcomes and higher
risk of re-injury in revision (versus primary) ACLR.20.62

Return-to-Sport Phase

Once objective criteria are met (TABLE 2), athletes may begin the return-to-sport phase,
during which they gradually return to team drills, practices, and games. During this final
phase, athletes first participate in noncontact team drills (e.g., passing drills, shooting drills,
unopposed break-out drills). Outnumbered situations (i.e., three vs. one and two vs. one) are
the first “live” drills for the athlete to initiate, with the rehabilitating player in either the
majority or minority group, depending on position (i.e., offense vs. defense). While this may
be counterintuitive to those unfamiliar with hockey, outnumbered drills have inherently less
risk for contact, thus are initiated first. Next, graded exposure to contact continues through
one-on-one and corner drills. An athlete next participates in full practice followed by
scrimmages and finally games. Progression through the return-to-sport phase should take
>4-6 weeks, although individual differences (e.g., longer time periods for allograft
reconstruction28 or younger athletes*2) must be considered. Successful completion of each
step within this phase should occur before unrestricted return-to-sport clearance.

Case Description and Application

Informed consent was obtained from the patient, and her rights were protected. An 18-year-
old female collegiate club ice hockey player sustained a left ACL injury after falling
approximately 3 meters (10 feet) rock climbing. The patient was diagnosed via magnetic
resonance imaging and physical exam with a full-thickness ACL rupture, medial and lateral
meniscal tears, and a partial lateral collateral ligament sprain. The patient underwent ACLR
(Bone Patellar-Tendon Bone), medial meniscal repair, and partial lateral meniscectomy 2
weeks after injury. The patient received post-operative physical therapy according to current
concepts for ACLR rehabilitation.128 Timeframes were slightly prolonged in part due to the
concomitant meniscal involvement and the patient’s initial toe-touch-weight-bearing status.
Approximately 4.5 months post-ACLR, she met the criterial to begin running. The patient
began the running progression and a strengthening program, including lateral slide board
exercises, to perform on her own while away on summer break with periodic check-ins
(1-2x/month). Progress was delayed due to limited time and intermittent gym access.
Approximately 7 months post-operatively, the patient could run 2 miles symptom-free while
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maintaining full ROM and minimal effusion. At this time, she initiated 10 sessions (2x/
week) of strengthening, agility, and neuromuscular training.

Following the first of these sessions and without increase in soreness or effusion, the patient
began the early phase of the on-ice skating progression. She progressed through the early
sub-phases while concurrently completing 10 strengthening, agility, and neuromuscular
training sessions. During the early on-ice phase, the athlete skated on an open ice rink
wearing her ACL brace; she did not carry her stick initially. She had no increase in knee
joint soreness, pain, or effusion following her first time on the ice, although she did
experience muscle soreness the next day. The athlete began doing crossovers during the
second week of skating, which led to a mild increase in knee soreness the following day,
thus leading to at least one day off and no increase in intensity or level as per the soreness
rules.1.15 The athlete was performing three stride starts and skating for a total of 40 minutes
by the end of her third week back on the ice, and added her stick and puck with drills by the
fourth week, during which she logged 45 minutes on-ice per session. Throughout the early
on-ice phase, she skated approximately 2x/week, which was limited by ice availability. She
continued running, but did not progress beyond jogging two miles due to motivation.

Approximately 8.5 months post-ACLR (5-6 weeks after beginning to skate), we reassessed
her lower extremity strength and functional symmetry and patient-report outcomes (TABLE
5). The athlete initiated on-ice transitions drills and power drills. Additionally, she began the
off-ice strength program and additional hip strengthening exercises (given deficits in
adduction and abduction), including hip adduction and abduction cable column exercises.

After approximately one month of progressing through the intermediate phase (9.5 months
post-ACLR) and completing off-ice strength and conditioning, the athlete returned for
follow-up testing. Noting improvements in inter-limb hip strength symmetry and progression
through the intermediate phase without increase in effusion or soreness, we cleared her to
initiate the late on-ice phase. Her on-ice sessions focused on addressing persistent
challenges, including lateral crossovers, outside edge stopping, shooting and stabilizing
shots on her involved limb, tight turns, fakes (i.e., “dekes”), and unanticipated movements.
Drill emphases during this time included various reaction drills, stepping-up and crossing-
over to alternate sides (e.g., Iron Cross drill), and dragging the puck into slapshots (given
persistent challenge stabilizing with her involved limb during the shooting motion).

Approximately 11 months after ACLR, the athlete achieved all criteria to initiate the return-
to-sport phase. At this time, she initiated non-contact team drills followed by out-numbered
and then even-numbered situations. After one month, she was participating fully in practices.
She played her first game approximately 13 months after ACLR. The athlete’s initial return
to play was in a recreational league since it was the collegiate hockey off-season. During the
following collegiate hockey season, she returned to her previous competitive level of sport.
At 22 months post-operatively, she continued to play without re-injury and completed
several outcome measures (TABLE 5). Her Knee Injury and Osteoarthritis Outcome Score®?
subscale scores are similar to or higher than Delaware-Oslo ACL Cohort and Multicenter
Orthopaedic Outcomes Network (MOON) scores among subjects two years after ACLR.14
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Discussion

To our knowledge, this is the first article to describe a criterion-based on-ice skating
progression for hockey players seeking to return-to-sport following ACLR. The return-to-
hockey progression gradually exposes athletes to sport-specific demands using time- and
criterion-based guidelines. Over the course of the four-phase progression, athletes
acclimatize to skating, integrate anticipated and unanticipated changes of direction, and
receive graded exposure to team drills, contact situations, practice, and ultimately games.
The phases of the on-ice skating progression are accompanied by an off-ice strength and
conditioning program to be performed with the latter phases of the on-ice progression. The
return-to-hockey progression may provide clinicians with a criterion-based framework to
guide ice hockey players back to sport following ACLR.

Our recommendations for return-to-sport criteria are based on previous literature utilizing a
criterion-based approach,122:24.28,59 which has been validated recently.22 We also include
the consideration of hip strength, which is essential to the ice hockey player. Notably, hip
adductor strength is critical to the forward stride,® and hip extension and external rotation
are essential to propulsion.”-18 We suggest that an athlete have at least 90% hip strength
symmetry based on other objective criterion-based approaches using 90% symmetry in other
lower extremity muscle groups after ACLR.1.24.28 While hopping is not commonly
performed during ice hockey, hop testing3? is used as an objective measure to evaluate
functional limb symmetry after ACL injury or reconstruction, thus supporting its inclusion.

There are limitations to this clinical commentary, most notably that the return-to-hockey
progression has not been rigorously tested. It is based on the best evidence from a variety of
sources, but is still only expert opinion. Consequently, the implications of the return-to-
hockey progression on future knee injury risk and long-term function, including the risk for
knee osteoarthritis, are unknown. However, in the absence of higher-level evidence, we
believe this return-to-hockey progression may be a useful tool to guide clinicians. The case
study—uwhich was the impetus in developing the progression—illustrates how an athlete
may progress safely through the program and return to competitive sport successfully. While
the case study athlete had co-morbidities and other factors that complicated her
rehabilitation process, her 22-month outcomes compared favorably to recently published
data from large cohorts.14 It is likely that athletes with isolated ACL injuries could initiate
the early on-ice phase sooner (i.e., =16 weeks versus 7 months post-operatively) and
complete the entire program earlier. Nevertheless, even for the uncomplicated athlete, we
recommend not initiating the return-to-sport phase until at least 9 months post-operatively
due to increased risk of re-injury for returning to sport before this time-frame, even in the
absence of impairments.8-22 Finally, while the program was designed specifically for the
athlete after ACLR, many aspects of the return-to-hockey progression could apply to athletes
returning to hockey after other knee injuries (e.g., MCL sprains), just with different time-
frames based on severity of injury and healing time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
The Triple Threat physio ball series consists of straight leg hip extensions [(a) start and (b)

end position], hamstring curls [(c) start and (d) end position], and flexed knee hip extensions
[(e) start and (f) end position].
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FIGURE 2.
Stride-length lunges combine the skating stride with a lunge position (note the wider stance

and externally rotated left limb). A barbell, dumbbells, or medicine ball may be added for
resistance.
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TABLE 1

The lateral slide board progression may be initiated once the athlete is =8 weeks after surgery, has full knee
range of mation, has minimal (i.e., trace) or no effusion, and can complete the activity without pain or increase
in effusion. (Note: Week number is based on when the sliding board progression is initiated, not weeks after

surgery.)

Week  Effort Work Interval (min:sec)  Rest Interval (min:sec) Repetitions
1 25 -50% :20 140 6-8

2 50 - 75% :30 1:00 8-10

3 75-100% :45 1:30 10-12

4 100% 1:00 2:00 12-16

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2018 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Capin et al.

TABLE 2

General guiding principles for on-ice hockey progression.

Page 16

Phase

Purpose

Criteria for Initiating Phase

Recommendations

Early On-Ice Phase

Gradually expose the
athlete to the specific
demands of skating

216 weeks after (primary) ACLR and
physician clearance

Trace or less effusion

Full knee ROM

280% QI

Running progressionl level 4
without increase in knee effusion or
soreness

Follow the soreness rulest-15

Stick is optional

No more often than every other day

Each sub-phase should last =1 week and be
performed >2x prior to progression to the
next sub-phase

Off-ice strengthening (TABLE 4) 2-3x/week:
muscle strength and hypertrophy emphasis

Intermediate On-Ice Phase

Develop power and
initiate anticipated
changes of direction

>20 weeks after (primary) ACLR and
physician clearance

Completion of early phase without
increase in effusion or soreness
>85% QI

>75% LSl on all 4 hop tests

Stick recommended

Once able to complete drills in this phase
with proper form, incorporate puck handling,
then passing and eventually shooting
Complete off-ice strengthening and agility
program (TABLE 4)

Late On-Ice Phase

Develop anaerobic
endurance and
initiate unanticipated
changes of direction
without contact

>6 months after (primary) ACLR and
physician clearance

Completion of intermediate phase for
>2-4 weeks without an increase in
effusion or soreness

Complete off-ice strengthening, agility, and
power exercise program (TABLE 4)

Progress on-ice drills to incorporate
unanticipated changes in direction, slap shots
and one-timers

Running interval training®®

Return-to-Sport Phase

Return to non-contact
and contact drills,
scrimmages, and
games

29 months after (primary) ACLR and
physician clearance

>90% QI

290% Hip strength LSI for hip
extension, external rotation,
abduction, and adduction

>90% LSl on all 4 hop tests

290% KOS-ADLS

>90% Global Rating

Initiate noncontact drills with teammates first,
progressing to outnumbered situations, even-

numbered situations, scrimmages, and finally
games

*
Level 4 Running Progression

Jalternate jogging 700 meters and walking 100 meters for 3.2 kilometers (2 miles)

Abbreviations: ROM=range of motion (knee flexion and extension); Ql=quadriceps strength index; ACLR=anterior cruciate ligament

reconstruction; LSI=limb symmetry index (involved/uninvolved); KOS-ADLS=Knee Outcome Survey-Activities of Daily Living Scale

27
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Page 17

Representative on-ice activities and drills during the early, intermediate, late, and return-to-sport phases of the
on-ice skating progression (supplemental video 1, on-ice drills). The drills are not meant to be all-
encompassing but rather provide a framework for appropriate progression.

Forward skating: 25% effort with hockey
turns (i.e., No crossovers)

E.g., 8-10 x 60-90” skating with 20-30"
rest (alternating direction each interval)
Dirills. none

Duration. <20 minutes total (rests
included)

Sub-phase B:

Forward skating: 50% effort with hockey
turns

Backwards skating: 25% effort

Dirills. Single, double, and alternating C-
cuts (forward and backward); Half circles
with crossovers at 25-50% effort
Duratior. 30 minutes total

Sub-phase C:

Forward skating: 75% effort

Backwards skating and crossovers: 50%
effort

Dirills. Full circles at 50-75% effort; 3
stride starts; Figure 8 drill; Incorporate
puck-handling

Duration:. 30-45 minutes total

Sub-phase D:

Forward skating: 75-90% effort
Backwards skating and crossovers: 50—
75% effort

Drills. 1 leg endurance drill; Increase
effort with figure 8 drill, circles, etc.

Duration. 30-60 minutes total

Between blue-lines transitions—
pivoting forward/backward

Half ice—full ice transition drills
Transition Circles—always facing
one end of the ice

Tight circles around cones/dots
Use both inside/outside edges
Forwards/backwards/pivoting
Power:

Power strides with pauses
(forward and backward)

Increase depth and power
Resisted partner push drill
Resisted partner pull drill

Puck Skills:

Incorporate puck-handling with
drills as athlete progresses (e.g.,
circles, figure 8 drill, puck-
handling around cones, etc.)
Introduce submaximal wrist and
snap shots (e.g., circles with shot
at end)

Early* Intermediate Late Return-to-Sport
Sub-phase A: Transitions and form: Anaerobic training with Non-contact team drills

direction changes:

Between blue-line sprinting
“Suicide” sprints

Augilities:

Crossovers with stops
Crossovers with sprints and
stops

Iron cross drill

Reaction drills

Quick starts and stops
Puck Skills:

Passing Drills with Coach
Break out routes

Passing while skating
forward/backward

Shuttle passing

Neutral zone regroup
routes

Shooting Drills with Coach
Give and Go’s—corner,
half-wall, blue line

Catch and shoot

Slap shots

One-timers

Blue line push/drag

(e.g., passing drills, dump-
ins, shooting drills, etc.)
Outnumbered situations:
3vs.1,2vs. 1,3vs. 2
Progress to 1 vs. 1 and
corner drills

Progress to full
participation in team
practice

Progress to scrimmages
Progress to games

*
The early phase should be completed on empty ice.
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Off-ice strength and conditioning program (supplemental video 2, agility drills and skater jumps).

Nordic Hamstrings

Single leg heel raises

Hip adduction, abduction, and
flexion at cable column

Core stability: planks, side planks,
planks with alternating leg lifts,
single-leg bridges

§Jump Rope: two feet, one foot,
double jumps, forward/backward,
side-to-side, etc.

Strength™ Agility (2-3x/week)T Powert Endurance & Speed:®°

Triple Threat physio ball series Agility Drills/Agility Ladder: high Skater jumps Track Intervals: 200 meter run at 90-100%
(FIGURE 1) knees, butt kicks, side shuffles, Tuck jumps effort with 200 meter recovery jog (8-12
Single leg squat or split-squat carioca, etc. Split-squat intervals)

Stride-length lunges (FIGURE 2) § Lateral line hops plyometric Sprint Intervals: 4-6 sets of 6x30 meter
Single leg Romanian Deadlifts or jumps sprints at max effort starting every 30

seconds with 2 minutes rest intervals
between each set

*
During the early phase, develop strength (e.g., 3—4 sets of 8-12 reps). During the intermediate, late, and return-to-sport phases, emphasize power

(e.g., 4-5 sets of 4-6 reps).

fGraduaIIy progress from 50% to 100% effort over about 10 sessions per soreness rules.

’tStart with 2-3 sets of 8-10 reps and progress to 3-4 sets of 10-15 reps with increased intensity; 30"—60" rest intervals.

§Start with 15-20" intervals with 15” rest, progressing to 30” to 45” intervals with 10-15" rest.
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TABLE 5

Case example of the objective measures obtained prior to initiating each phase; note that most, but not all,
criteria were met as the formal hockey progression was developed alongside and after this athlete progressed
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through rehabilitation.

Timeframe

Phase/Time

Selected Measures

7 months post-op

Early

- Effusion: trace

- ROM: full

- Pain: minimal to none (0-1/10 on numeric pain rating scale)
- Level 5 of running progression (i.e., jogging 2 miles)

- Quad Strength Index: 88%

- KOS-ADLS: 80%

- Global Rating: 70%

8.5 months post-op

Intermediate

- Quad Strength Index: 97%
- Hip Strength LSI:

. Flexion: 98%

. Extension: 94%
. Abduction: 84%
. Adduction: 67%

- Hop Testing LSI, braced:

. Single hop: 75%
. Crossover hop: 84%
. Triple hop: 82%
. Timed hop: 77%

- KOS-ADLS: 87%
- Global Rating: 85%

9.5 months post-op

Late

- Hip Strength LSI:

. Flexion: 100%

. Extension: 98%

. Abduction: 96%

. Adduction: 80%

. External rotation: 81%
. Internal rotation: 91%

11 months post-op

Return-to-Sport Phase

- Quad Strength Index: 94%
- Hip Strength LSI:

. Flexion: 94%

. Extension: 99%

. Abduction: 96%

. Adduction: 97%

. External rotation: 95%
. Internal rotation: 85%
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Timeframe

Phase/Time

Selected Measures

Hop Testing LSI, braced:

. Single hop: 97%

. Crossover hop: 104%
. Triple hop: 102%

. Timed hop: 108%

KOS-ADLS: 93%
Global Rating: 95%

22 months post-op

Follow-up Outcome Measures

KOS-ADLS: 96%

Global Rating: 99%
KOS-Sport: 87%

KOOS composite score: 94%

KOOS subscale scores:

. Symptoms/Stiffness: 93%

. Pain: 94%

. Activities of Daily Living: 100%
. Sport/Recreation: 75%

. Quality of Life: 75%

Abbreviations: ROM=range of motion (knee flexion and extension); KOS-ADLS=Knee Outcome Survey—Activities of Daily Living Scale;
LSI=limb symmetry index (involved/uninvolved); KOS-Sport=Knee Outcome Survey—Sports Activity Scale; KOOS=Knee Injury and

Osteoarthritis Outcome Score
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