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Background: Acromioclavicular joint (ACJ) injuries are common in ice hockey players and are traditionally evaluated with con-
ventional radiography, which has recognized limitations in the accurate characterization of the spectrum of soft tissue injuries and
severity/grade of injury sustained.

Purpose: To evaluate the epidemiologic, clinical, and magnetic resonance imaging (MRI) findings in professional ice hockey
players who have sustained acute ACJ injuries.

Study Design: Case series; Level of evidence, 4.

Methods: A retrospective review was performed of professional National Hockey League (NHL) players referred for MRI evaluation
of acute ACJ injuries. All MRI scans were assessed for status of the ACJ, ligamentous stabilizers, and surrounding musculature.
MRI-based overall grade of ACJ injury (modified Rockwood grade 1-6) was assigned to each case. Data regarding mechanism of
injury, player handedness, clinical features, and return to play were evaluated.

Results: Overall, 24 MRI examinations of acute ACJ injuries (23 patients; mean age, 24 years) were reviewed. We found that 50%
of injuries were sustained during the first period of play, and in 75% of cases, injuries involved the same side as player shooting
handedness. Analysis of MRI scans revealed 29% (7/24) grade 1 ACJ injuries, 46% (11/24) grade 2 injuries, 21% (5/24) grade 3
injuries, and 4% (1/24) grade 5 injuries. Trapezius muscle strains were seen in 79% and deltoid muscle strain in 50% of cases.
Nonoperative management was used for 23 injuries; 1 patient (grade 5 injury) underwent acute reconstructive surgery. All players
successfully returned to professional NHL competition. Excluding cases with additional injuries or surgery (n¼ 3) or convalescence
extending into the offseason (n ¼ 3), we found that the mean return to play was 21.4 days (7.2 games missed). No statistically
significant difference was observed in return to play between nonoperatively treated grade 3 injuries (mean, 28.3 days) and grade 1
or 2 injuries (mean, 20.1 days). However, grade 3 injuries were associated with a greater number of NHL scheduled games missed
(mean, 12.7) compared with lower grade injuries (mean, 6.1) (P ¼ .027).

Conclusion: The spectrum of pathology and grading of acute ACJ injuries sustained in professional ice hockey can be accurately
assessed with MRI; the majority of injuries observed in this study were low grade (grades 1 and 2). Although grade 3 injuries were
associated with a greater number of games missed, similar return-to-play results were observed between nonoperatively treated
grade 3 and grade 1 or 2 ACJ injuries.
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Acromioclavicular joint (ACJ) injuries are common among
elite ice hockey players and account for a substantial
amount of time away from sport.9,11,13,15,17,19 Traditionally,
ACJ injuries have been evaluated with conventional

radiographs.8,23 Despite trends to use nonoperative meth-
ods to treat ACJ injuries without anteroposterior displace-
ment patterns, conventional radiographic assessment
alone may be limited in providing accurate and reliable
characterization of soft tissue injuries and the severity and
grade of injury sustained.16,24,27

Magnetic resonance imaging (MRI) has been shown to be
accurate in the assessment of soft tissue and osseous
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pathology in the setting of acute ACJ injuries.1-3,16,20,26 The
purpose of this study was to retrospectively review the
spectrum of epidemiologic, clinical, and MRI findings in a
consecutive series of National Hockey League (NHL)
players referred for MRI examination after clinically sus-
pected acute ACJ injuries as well as to correlate the MRI
findings with time lines for return to play.

METHODS

Patient Selection

Institutional research ethics board approval with waived
consent was obtained for this retrospective study. A list of
all MRI shoulder examinations performed at our institu-
tion, referred by a single NHL team orthopaedic surgeon
(J.T.) for assessment of acute ACJ injuries in professional
ice hockey players between May 2006 and May 2019, was
compiled and cross-referenced between a player-injury
database and our institutional radiology information
system.

Study patient inclusion criteria were NHL professional
ice hockey players who had sustained clinically suspected
ACJ injuries and underwent MRI examination of the shoul-
der performed acutely (0-20 days) after injury. Exclusion
criteria included player history of prior ACJ surgery and
history of grade 3 or higher ACJ injury.

Magnetic Resonance Imaging

All MRI examinations were performed using a standardized
institutional protocol for shoulder imaging on a 1.5-T (Aera;
Siemens AG) or 3.0-T superconducting (Skyra; Siemens AG)
system using dedicated multichannel shoulder array coils
(Siemens AG); patients were imaged in the standard supine
position. In all cases, imaging included coronal oblique fast
spin-echo (FSE) intermediate-weighted and FSE fat-
suppressed T2-weighted acquisitions, sagittal oblique FSE
fat-suppressed T2-weighted imaging, and axial FSE
intermediate-weighted acquisitions. Imaging slice thickness
was 3 mm, with no interslice gap. In all examinations, the
entirety of the ACJ and its surrounding stabilizing soft tis-
sues were included within the imaging field of view.

MRI Review

All MRI studies were retrospectively reviewed in consensus
by 2 fellowship-trained musculoskeletal radiologists
(L.M.W. and R.R.B.) with 25 and 18 years of experience,

respectively, and a musculoskeletal imaging fellow (J.E.)
with 1 year of dedicated training. The readers were blinded
to patient characteristics, clinical assessment results, and
return-to-play data. All MRI scans were reviewed and
quantitative measurements performed using a dedicated
picture archiving and communication system image review
workstation (Coral; University Health Network). Each MRI
scan was assessed for possible injury and anatomic location
of injuries involving the superior and inferior acromioclavi-
cular (AC) ligaments of the ACJ capsule, coracoclavicular
(CC) ligaments, and trapezius and deltoid muscles, using
all imaging planes and sequences available.

The superior and inferior AC ligaments of the ACJ cap-
sule were individually assessed as normal (intact, uniform,
thin, low-signal ligament), partially torn (thickened,
increased intrasubstance T2-weighted signal, incomplete
ligament disruption), or completely torn (complete liga-
ment disruption with fluid signal continuity between ACJ
and juxta-articular soft tissues). In cases of superior or infe-
rior AC ligament tears, an assessment was made to define
the location of tearing as involving the acromial attach-
ment, midsubstance, or clavicular attachment of the
respective AC ligament. Superior or inferior displacement
of the clavicle across the ACJ was measured on coronal
oblique images as the distance between a line tangent to
the inferior cortex of the anterior acromion and a second
line parallel to the first placed tangent to the inferior cor-
tical margin of the lateral clavicle, at the level of the ACJ.
The ACJ width was measured as the shortest medial-
lateral distance between the subarticular cortex of the acro-
mion and clavicle at the ACJ on coronal oblique images.
Anterior or posterior displacement of the clavicle across the
ACJ was defined and measured based upon the anterior or
posterior distance between lines drawn tangent to the ante-
rior cortex of the acromion and anterior cortex of the clav-
icle at the level of the ACJ on axial imaging.

Trapezoid and conoid components of the CC ligamentous
complex were individually graded as normal, partially torn,
or completely torn on coronal and sagittal acquisitions.
Normal CC ligaments were defined as illustrating uniform
low-signal-intensity ligamentous fibers running in continu-
ity from the inferior cortex of the clavicle to their respective
insertions to the superior cortex of the coracoid process of
the scapula. Partial CC ligament tearing was characterized
by increased intraligamentous T2-weighted signal, with
thickening or partial disruption of ligamentous fibers, and
complete CC ligament tearing by complete disruption of
ligament fiber continuity between the clavicle and coracoid.
When present, conoid and trapezoid ligament tears were
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additionally anatomically defined as involving their clavic-
ular ligamentous attachment, coracoid insertion, or mid-
substance of the ligament. The CC distance was
measured on coronal oblique imaging as the shortest super-
oinferior distance between a line drawn tangent to the infe-
rior cortex of the lateral clavicle at the CC ligament
insertions and a second line parallel to the first placed tan-
gent to the superior cortical margin of the coracoid process
of the scapula.

Muscular active stabilizers of the lateral clavicle and
acromion, composed of the trapezius insertions to the lat-
eral clavicle and lateral scapular spine as well as deltoid
muscular origins from the anterolateral clavicle and acro-
mion, were each assessed for presence or absence of injury.
When present, muscle injuries were graded from 1 to 3:
grade 1 injuries were characterized by increased T2-
weighted edema and hemorrhage extending along muscle
fibers and fascicles with a classic feathery appearance,
grade 2 injuries were characterized by partial disruption
of muscle fibers with possible associated perifascial edema
or intramuscular hematoma formation, and grade 3 inju-
ries were characterized as complete disruption or avulsion
of muscular osseous attachments with local hematoma
formation.7,10

All MRI scans were additionally evaluated for associated
osseous fracture, manifested by a linear osseous fracture
cleft and cortical disruption, or bone contusion character-
ized by marrow edema-like signal noted on T2-weighted
fat-suppressed imaging within the clavicle, acromion, scap-
ular spine, or coracoid process.

The Rockwood classification of ACJ injury25 was adapted
to integrate MRI findings and used to assign an overall
grade of ACJ injury in each case.20 Grade 1 injuries were
defined on the basis of tearing (partial or complete) of the
ACJ ligaments with no evidence of CC ligamentous injury,
grade 2 injuries were defined in the setting of tearing (par-
tial or complete) of ACJ ligaments with partial tearing of
the CC ligaments, and grade 3 injuries were defined based
on tearing of the ACJ ligaments and complete tearing of the
CC ligaments. Injuries of grades 4 through 6 were classified
based on the presence of clavicular displacement in the
setting of tearing of both the AC capsular ligaments and
CC ligaments, with grade 4 injuries illustrating posterior
displacement of the clavicle relative to the acromion, grade
5 injuries defined by marked superior displacement of the
clavicle with the CC interval widened by >100% based on
MRI anatomic landmarks and distance measured between
torn margins of the CC ligament, and grade 6 injuries
defined by anterior and caudal displacement of the lateral
clavicle inferior to the acromion or coracoid process of the
scapula.

Clinical Data

Clinical data pertaining to each ACJ player injury were
collected from clinical team medical records. Data collected
in each study case included mechanism of injury, period
of play during which the injury was sustained, time
interval between injury and MRI examination, player char-
acteristics, position played (eg, center, left or right wing,

defense, or goalie), side of injury, and hockey shooting
handedness (side of hand held lower on the ice hockey stick
during play). Patient-injury data additionally included
documented findings at clinical physical examination,
injury treatment (nonoperative or operative), games
missed, and time interval (days) between injury and date
of medical clearance for full return to play. We documented
cases in which injury rehabilitation and return-to-play con-
valescence extended into the NHL off-season and players
who underwent surgical intervention during convalescence
for injury other than ACJ.

Statistical analysis was performed using SPSS Statistics
for Windows software, Version 19.0 (IBM). Binomial (2-
tailed) analysis was used to assess the association between
side of ACJ injury and player hockey-shooting handedness.
Chi-square analysis was used to compare observed versus
expected distribution of injury by player position as well as
by periods of game play. Moreover, chi-square analysis was
used to assess the association between presence or absence
of muscle injury with increasing grade of ACJ injury. One-
way analysis of variance was used to assess for differences
between ACJ injury grades and measures of return to play
(calendar days missed, games missed). Differences were
considered statistically significant at P < .05. Not all pos-
sible data analyses were performed due to the small sample
sizes involved.

RESULTS

After the study-inclusion criteria were applied, the study
group consisted of 24 shoulder MRI examinations per-
formed on 23 players. In the 1 patient who had 2 injuries
and separate MRI examinations, MRI was performed to
assess distinct acute injuries of the left and right ACJs that
occurred 8 months apart. The mean player age at time of
ACJ injury was 24 years (range, 19-32 years).

Regarding mechanism of ACJ injury, 13 injuries were
the result of direct impact of the shoulder with the boards
or playing surface ice, 8 injuries occurred as a result of
receiving a body check, and 2 injuries were sustained while
delivering a body check; for 1 injury, the mechanism was
not specified in the clinical notes. Of the 24 ACJ injuries
reviewed, most were sustained during the first period of
game play (P ¼ .016): 12 injuries (50%) were sustained
during the first period, 5 injuries (21%) during the second
period, and 2 injuries (8%) during the third period. Further-
more, 2 of the ACJ injuries were sustained during game
play without specification of period, and 3 ACJ injuries
occurred during full-contact practice.

The incidence and distribution of ACJ injuries by player
position included 11 defense, 5 center, 2 left-winger, and
6 right-winger. A total of 14 of the 24 injuries (58%) were
left-side injuries, and 10 (42%) were right-side injuries. In
18 cases (75%), ACJ injuries involved the same side as
player shooting handedness, and in 6 cases (25%) ACJ
injury involved the contralateral side relative to player
shooting handedness (differences statistically significant,
P ¼ .023).
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Findings upon clinical examination performed acutely
after injury included pain and tenderness to palpation over
the ACJ in all 24 cases. Results of specific physical testing
maneuvers included positive cross-body/horizontal adduc-
tion test in 17 of 18 cases and a positive O’Brien (active
compression) test in 9 of 10 cases in which such assessment
was documented in clinical notes.

MRI findings from the study cohort are summarized in
Table 1. The mean duration of time between ACJ injury and
MRI was 4 days (range, 0-19 days). MRI examination
revealed grade 1 injuries (Figure 1) in 7 cases (29%), grade
2 injuries (Figure 2) in 11 cases (46%), and grade 3 injuries
(Figure 3) in 5 cases (21%). One case (4%) demonstrated
features of a grade 5 ACJ injury, whereas no cases showed
findings of grade 4 or grade 6 injury.

MRI findings of superior and inferior AC ligament injury
were seen in all cases (24/24). Tearing of the superior AC
ligament was seen from its clavicular insertion in 19 cases
(79%) and acromial insertion in 5 cases. Tearing of the infe-
rior AC ligament was seen at its clavicular insertion in 21
(88%) cases and acromial insertion in 3 cases (Figure 4A).

Among cases with CC ligament injury (n¼ 17), tearing of
the trapezoid ligament was seen at its clavicular insertion
in 4 cases (24%) and “midaspect” of the ligament in 13 cases
(76%). Tearing of the conoid ligament (n ¼ 12) was seen at

its clavicular insertion in 2 cases (17%), midaspect of the
ligament in 9 cases (75%), and coracoid attachment in
1 case (8%) case (Figure 4B).

Across the study cohort, 19 cases (79%) showed MRI fea-
tures of trapezius muscle injury (12 cases of grade 1 injury;
7 cases of grade 2 injury) involving the trapezius insertion
to the lateral clavicle (18/19) and lateral scapular spine
(9/19). MRI findings of deltoid muscle injury were seen in
12 cases (50%) (10 cases of grade 1 injury; 2 cases of grade
2 injury) involving the deltoid origin from the anterolateral
clavicle (11/12) and acromion (2/12). Only 3 cases (12%), all
of which were grade 1 ACJ injuries, showed no evidence of a
muscle tear. A statistically significant association was
observed between presence of a muscle tear and increasing
grade of ACJ injury (P ¼ .04).

No fracture was detected in any case. In 8 cases (33%),
bone marrow edema-like signal consistent with bone con-
tusion was observed involving the lateral acromion (4/8),
posterior scapular spine (1/8), and lateral clavicle (3/8). In
total, 4 of these contusion injuries were seen in cases with
grade 1 ACJ injury, and the other 4 instances of bone con-
tusion were associated with grade 2 ACJ injuries.

All grade 1, grade 2, and grade 3 ACJ injuries (n ¼ 23)
were treated with nonoperative management, including
pain control and immediate postinjury support with a

TABLE 1
MRI Findings and Return to Play for NHL Players With Acute ACJ Injurya

Rockwood Grade

Grade 1
(n ¼ 7)

Grade 2
(n ¼ 11)

Grade 3
(n ¼ 5)

Grade 4
(n ¼ 0)

Grade 5
(n ¼ 1)

Grade 6
(n ¼ 0)

Acromioclavicular ligaments
Superior

Tears (partial; complete), n 7 (5; 2) 11 (1; 10) 5 (1; 4) — 1 (complete) —
Tear location, n 5 Clav, 2 Acrom 10 Clav, 1 Acrom 3 Clav, 2 Acrom — 1 Clav —

Inferior
Tears (partial; complete), n 7 (5; 2) 11 (3; 8) 5 (all complete) — 1 (complete) —
Tear location, n 7 Clav 8 Clav, 3 Acrom 5 Clav — 1 Clav —

ACJ width, mm, mean (range) 2.3 (2-4) 3.0 (1-5) 5 (2-10) — 8 (—) —
Clavicular offset, mm, mean (range) 1.7 (0-6) 2.1 (0-5) 8.4 (3-13) — 16 (—) —
Coracoclavicular ligaments

Trapezoid
Tears (partial; complete), n 0 11 (9; 2) 5 (all complete) — 1 (complete) —
Tear location, n — 4 Clav, 7 Mid 5 Mid — 1 Mid —

Conoid
Tears (partial; complete), n 0 6 (all partial) 5 (all complete) — 1 (complete) —
Tear location, n — 2 Clav, 3 Mid, 1 Cor 5 Mid — 1 Mid —

Coracoclavicular distance, mm, mean
(range)

8.1 (5-11) 9.9 (6-12) 13.8 (8-18) — 28 (—) —

Muscle injury, no. of cases (grade)
Trapezius 3 (grade 1) 11 (4 cases grade 1; 7

cases grade 2)
4 (grade 1) — 1 (grade 1) —

Deltoid 3 (grade 1) 4 (2 cases grade 1; 2
cases grade 2)

4 (grade 1) — 1 (grade 1) —

Days missed, mean (range) 26.1 (7-54) 44.4 (9-285) 53.0 (26-100) — 118 (—) —
Games missed, mean (range) 4.7 (0-14) 10.2 (0-40) 8.0 (0-16) — 49 (—) —

aACJ, acromioclavicular joint; Acrom, acromial attachment; Clav, clavicular attachment; Cor, coracoid attachment; Mid, midportion.
Dashes indicate not applicable.
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shoulder sling, followed by early mobilization and progres-
sive resistance exercises followed by strength and physical
reconditioning. We noted that 2 cases (1 case of grade 1 ACJ
injury, and 1 case of grade 2 ACJ injury) sustained gleno-
humeral dislocations at the time of ACJ injury requiring
subsequent delayed labrocapsular reparative surgery. The
single case with grade 5 ACJ injury was managed opera-
tively with anatomic CC reconstruction surgery performed
4 days after injury.

All patients were evaluated by a team medical orthopae-
dic surgical consultant (J.T.) for medical approval and
clearance before return to full-contact play. The date of
return to play was determined based on the date of docu-
mented team physician sign-off for approval to play in offi-
cial NHL game conditions. Criteria for return-to-play
approval included objective measures of manual strength
with a handheld dynamometer and Y-balance testing com-
pared with preinjury baseline testing, functional assess-
ments of push-up and resisted push-pull testing, and
ability during practice to receive contact, battle with stick,
and shoot confidently. Manual strength measures were
made relative to baseline (preseason) measures of the same
extremity, with goals of 90% return to baseline before clear-
ance to return to play. All players successfully returned to
professional NHL competition after ACJ injury. The overall
median time interval between injury and return to play was
26.5 calendar days (range, 7-285 days), with players miss-
ing a median of 8 games (range, 0-49 games) from the NHL
season schedule. Excluding 2 patients who underwent sur-
gery (glenohumeral stabilization during ACJ rehabilitation
period), the surgically treated grade 5 injury, and 3 addi-
tional cases in which injury convalescence extended into
the NHL off-season, the mean duration of time between
injury and return to regular game play was 21.4 calendar
days (range, 7-32 days), with players missing an average of
7.2 games (range, 0-16 games) from the official NHL season
schedule. No statistically significant difference was seen in
the mean duration of time between injury and return to

play between players with nonoperatively treated grade 3
injuries (mean, 28.3 days; range, 26-32 days) and those
with grade 1 or 2 injuries (mean, 20.1 days; range, 7-31
days). However, players with grade 3 injuries missed a sig-
nificantly greater number of games from the NHL schedule
(mean, 12.7 games; range, 11-16 games) compared with
players with lower grade injuries (mean, 6.1 games; range,
0-14 games) (P ¼ .027).

DISCUSSION

ACJ injury is the most common upper extremity injury and
the ACJ is the most commonly injured joint, after the knee,
in elite male ice hockey players.13,17,19 ACJ injuries are
usually classified clinically and radiographically by the
Rockwood classification system, which entails 6 types of
injuries. Accepted treatment of grade 1 and grade 2 ACJ
injuries is nonoperative management, whereas higher
grade injuries (grades 4-6) are treated with surgical repair
or reconstruction.1,3,4,16,18,20,26,28 The physical nature of
professional ice hockey play requires heightened awareness
and consideration regarding surgical intervention and
risks related to osseous stress risers and fractures after
return to contact play in the postsurgical setting. Treat-
ment and management of grade 3 ACJ injuries are some-
what controversial; however, recent studies have
demonstrated good outcomes for nonoperative treatment
of grade 3 ACJ separations,{ and our current practice is
an initial trial of nonsurgical management of grade 3 inju-
ries in professional ice hockey players. In our study cohort,
all players who had grade 3 injuries returned to play rela-
tively quickly, at a mean of 28.3 days after initial injury,
and none required future surgical intervention.

Although widely relied upon and used in the manage-
ment of ACJ injuries, the Rockwood radiographic

Figure 1. Grade 1 acromioclavicular injury. Coronal (A) intermediate and (B) T2-weighted fat-suppressed magnetic resonance
imaging scans show complete disruption of the superior (arrows) and inferior (arrowheads) acromioclavicular ligaments.

{References 1, 3, 4, 13, 16, 18, 20, 26, 28.
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classification has limitations in accurately defining specific
soft tissue ligamentous injuries sustained and can only
indirectly evaluate status of the AC and CC ligamentous
complexes through inference based on position of the clav-
icle relative to the acromion and coracoid process. Grade 3
injuries can be difficult to reliably distinguish from grade 2
ACJ injuries with conventional radiography.5,6,20 Further-
more, horizontal (anteroposterior) instability as seen in
grade 4 and grade 6 injuries may be difficult to evaluate
by traditional radiographic examination alone.12,23,24

Unlike conventional radiography, MRI after acute injury
enables direct analysis of the soft tissue AC capsular and
CC ligaments that stabilize the articulation as well as
cross-sectional multiplanar evaluation of osseous align-
ment after clinically suspected ACJ injury. MRI performed
with the patient in a supine position may influence the
position of the scapula relative to the clavicle in the setting
of ACJ instability and reduces the amount of gravity-
assisted displacement traditionally assessed on upright

conventional radiography as indirect indicators of ACJ
injuries (joint width, CC interval); supine positioning may
also preclude direct comparison of such measurements
between radiographs and MRI scans. Many orthopaedic
surgeons consider MRI to be the standard diagnostic test
in assessment of ACJ injuries; in one prior study, 51% of
fellowship-trained subspecialist sports or shoulder ortho-
paedic surgeons indicated that they routinely obtain an
MRI in assessment of ACJ injury.27 Further, in the NHL
player population, MRI examination has become standard
practice in the assessment and management of clinically
suspected acute ACJ injuries of sufficient severity that a
player’s performance may be impaired. MRI provides for
accurate assessment of soft tissue ligamentous injuries as
well as osseous alignment in orthogonal imaging planes,
which may be particularly valuable in the assessment of
horizontal instabilities (eg, grade 4 injuries), where radio-
graphic examination may have limitations. MRI addition-
ally provides for detailed evaluation of concomitant injuries

Figure 2. Grade 2 acromioclavicular injury: partial injury of coracoclavicular ligaments. (A) Coronal intermediate, (B) coronal T2-
weighted fat suppressed, and (C, D) sagittal T2-weighted magnetic resonance imaging scans show acute tearing and disruption of
the trapezoid ligament (arrows) and intact conoid ligament (arrowheads).
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including glenohumeral joint injury, muscle strains, and
bone bruising or edema, which may influence convales-
cence and rehabilitation planning. Finally, MRI serves
as an important standardized means of accurately classi-
fying ACJ injuries, without uncertainties often associated
with radiographs, which ultimately may be required in
future studies to objectively assess and compare treat-
ment interventions and clinical outcomes in patients with
ACJ injury.

The most common mechanism of ACJ injury in our study
group was direct impact of a player’s shoulder with the
boards or playing surface. This is consistent with findings
of prior studies,17 which noted that impact compression of
the player’s shoulder against hard, fixed surfaces, includ-
ing the boards and ice playing surface, was the most com-
mon cause of upper extremity and ice hockey ACJ sprains.

Our study cohort demonstrated a significant predomi-
nance of ACJ injuries sustained during the first period of

game play. McKay et al,15 in a study of ice hockey injuries
over 6 NHL seasons, similarly observed that a majority of
ice hockey injuries overall occurred during the first period
of play. In contrast, other epidemiologic reviews of colle-
giate or junior-level ice hockey injuries have shown an
equivalent distribution of injuries across all periods of play9

or increased incidence during the third period of game
play.22 The exact explanation for the observed predomi-
nance of NHL player ACJ injuries during the first period
of play is unclear. However, it is possible that players are
less fatigued during the first period and that resultant
increased player speed and physicality of play during the
first period of NHL games predispose players to an
increased incidence of contact- or impact-associated inju-
ries.15 Differences observed may also relate to player skill,
size, speed, and physicality of play unique to NHL level-
elite professional hockey competition compared with
junior-level and collegiate athletics.

Figure 3. Grade 3 acromioclavicular injury: complete tearing of coracoclavicular ligaments. (A) Coronal T2-weighted fat sup-
pressed and (B, C) sagittal T2-weighted magnetic resonance imaging scans show acute tearing and disruption of the trapezoid
(arrows) and conoid (arrowheads) ligaments.

Figure 4. Distribution of ligamentous tearing. Diagrams of the acromioclavicular and coracoclavicular ligaments indicating ana-
tomic location of injury involving (A) the acromial or clavicular insertions of the superior and inferior acromioclavicular ligaments and
(B) the clavicular insertion, midportion or coracoid origin of the trapezoid, and conoid ligaments.
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An additional feature reviewed in our player cohort was
sidedness of ACJ injury. We observed a statistically signif-
icant predominance of ACJ injury (75%) ipsilateral to the
side of player shooting-hand dominance. To our knowledge,
no prior study has analyzed this characteristic of ACJ inju-
ries in professional ice hockey. Ice hockey shooting hand-
edness is defined by the hand positioned lower on the ice
hockey stick during shooting and game play. This observa-
tion raises the possibility that the lower shoulder position of
the player side ipsilateral to the player shooting-hand
exposes the ACJ to more frequent or more forceful impact
or, alternatively, places the ACJ in a more biomechanically
vulnerable position during impact compressive stress.

MRI features of ACJ injuries observed in our study
cohort are reflective of progressively increased severity
of soft tissue ligamentous injury, from partial to complete
disruption of the superior AC ligament, inferior AC liga-
ment, and trapezoid ligament and finally complete conoid
ligamentous disruption associated with higher grade ACJ
injuries.1,2,3,16,20,23,26 All cases in our cohort group illus-
trated injury of the superior AC ligament. Similar to findings
of a prior surgical prospective study investigating morpho-
logic patterns of AC ligament tears in patients with high-
grade ACJ injuries,14 we observed a majority of superior
(79%) and inferior AC ligament tears (88%) anatomically
involving their clavicular insertions. This morphologic pat-
tern of AC ligamentous injury, particularly involvement of
the anterosuperior AC ligament and implications for ante-
roposterior stability of the joint, may be an important con-
sideration in precise preoperative planning in the setting of
high-grade ACJ injuries where AC ligament disruption and
incarceration may prevent anatomic ACJ reduction and
necessitate open versus arthroscopic ACJ surgical reduction
and reconstruction.14 Similarly, the pattern of CC ligament
tearing observed in higher grade ACJ injuries in our series
entailed midsubstance disruptions, with associated surgical
implications regarding ligament graft reconstruction versus
primary suture repair.

Muscular and myofascial soft tissue injuries involving
the trapezius insertion and deltoid muscular insertions to
the anterolateral clavicle and acromion have been
described as clinical and imaging features associated with
higher grade ACJ injuries.1,2,3,5,20,26 We observed trapezius
and deltoid muscle tears on MRI in 79% and 50% of our
cases, respectively. The majority of muscle tears observed
were low grade by MRI classification (29% grade 1 and 46%
grade 2 muscle injuries), and an association was observed
between the presence of a muscle tear and increasing grade
of ACJ injury. Despite the association of muscle tearing
with increasing grade of injury, we could not demonstrate
a statistically significant relationship between presence of
muscle injury and longer time to return to play in our
study.

Accurate estimates of return to play are highly important
to professional athletes and their organizations. Limited
data are available regarding return to play after ACJ injury
in professional ice hockey players. A study of collegiate
athletes noted an overall mean of 18.4 days lost per ACJ
injury,21 although statistical significance was limited due
to the small numbers of high-grade injury; the mean

duration of time lost was 63.7 days for high-grade injury
and 10.4 days for low-grade ACJ sprains. Another epidemi-
ologic study of injuries in collegiate ice hockey showed a
mean of 5 practices missed and just under 2.5 games
missed9 due to ACJ injuries. In a clinical review of muscu-
loskeletal ice hockey injuries, LaPrade et al13 reported that
recovery time usually ranged from 2 to 4 weeks for grade 1
and grade 2 ACJ injuries, 6 to 8 weeks for grade 3 injuries,
and 4 to 6 months for grade 4 to 6 injuries and associated
surgical intervention. In our study, when we excluded from
analysis those cases with medical clearance for return to
play extending into the off-season as well as the players
who underwent surgery, we noted no statistically signifi-
cant difference in mean duration of time between injury
and return to play between players with grade 3 injuries
(mean, 28.3 days; range, 26-32 days) and those with grade 1
or 2 injuries (mean, 20.1 days; range, 7-31 days). However,
players with grade 3 injuries missed a significantly greater
number of games from the NHL schedule compared with
players with lower grade injuries (mean, 12.7 vs 6.1 games,
respectively; P ¼ .027).

Limitations of our investigation include the retrospective
nature of the study design as well as selection bias introduced
by requisite MRI referral of clinically suspected cases of ACJ
injury for study inclusion. We did not have access to conven-
tional radiographic examinations of our cases because radio-
graphs were obtained at the time of injury locally at various
arena sites. As a result, we did not assess possible differences
in radiographic and MRI features or classification of ACJ
injuries. Additionally, we did not assess possible interob-
server variation in MRI assessment of injuries. An important
limitation of our study is the relatively small number of cases
reviewed from a single orthopaedic surgical consultant prac-
tice. Small numbers of grade 3 or higher ACJ injuries limited
statistical analyses and precluded further characterization of
indices of return to play across players with high-grade inju-
ries. Our current nonoperative treatment for acute ACJ inju-
ries may include therapeutic injections during convalescence
and rehabilitation. However, we were not able to control or
assess for the influence of possible therapeutic injections,
including platelet-rich plasma, on return to play, because
retrospective data related to injections by club medical staff,
other physicians, or therapists were incomplete. Despite
inherent limitations, our study represents the largest cohort
with systematic MRI evaluation of acute ACJ injuries in
active NHL ice hockey players.

CONCLUSION

Professional ice hockey is a high-speed contact sport with
unique injury patterns, including a high relative incidence
of ACJ injury. MRI provides an accurate and reproducible
means of directly assessing the status of ligamentous and
muscular stabilizers of the articulation acutely after injury,
enabling precise classification of the extent and pattern of
ACJ injury sustained. MRI, along with clinical features of
injury, provides a basis to estimate return-to-play time
frames in NHL players sustaining low-grade versus higher
grade ACJ injuries. All players in our cohort successfully
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returned to professional NHL competition after ACJ injury,
and our results support the opinion that grade 1, 2, and 3
injuries can be successfully managed nonoperatively in pro-
fessional ice hockey athletes.
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