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Background: Rockwood I and II acromioclavicular joint injuries are generally treated nonoperatively. The long-term outcome is
considered to be good but has not yet been properly investigated.

Purpose: To assess the long-term outcome after nonoperative therapy for Rockwood I and II acromioclavicular joint injuries
regarding functional and radiologic outcome.

Study Design: Cohort study; Level of evidence, 3.

Methods: Eligible patients visited the emergency department between January 2003 and December 2015 and were �16 years
old at the time of presentation. The main study parameters were the Constant score, the Disabilities of the Arm, Shoulder and
Hand score, and the Simple Shoulder Test. The Constant score was measured in the injured and contralateral shoulders. Radio-
logic outcomes in both shoulders included joint displacement, joint space, degenerative changes, osteolysis of the distal clavicle,
and ossification of the ligaments.

Results: A total of 75 patients were included for follow-up. After a median follow-up of 85 months (interquartile range [IQR], 68.0-
100.0), the mean Constant score in the injured shoulder for the total sample was 88.6 (SD, 12.7) as compared with 93.3 (SD, 8.7) in
the contralateral shoulder, with a significant difference of 4.7 points between shoulders. The median Disabilities of the Arm, Shoul-
der and Hand score was 4.2 (IQR, 0.0-10.8), and the median Simple Shoulder Test was 100 (IQR, 91.7-100.0). The median patient
satisfaction for the injured shoulder was 83 (IQR, 70.0-95.0). Regarding radiologic outcomes, for the injured shoulder versus the
contralateral shoulder, patients had similar rates of degeneration (44% vs 46%) but more frequent osteolysis of the distal clavicle
(31% vs 0%), ossification of the ligaments (29% vs 7%), and deformity of the distal clavicle (19% vs 0%).

Conclusion: Despite the frequent occurrence of radiographic changes, long-term functional outcome after Rockwood I and II
acromioclavicular joint injuries is good, with only clinically nonrelevant functional differences between the injured and contralateral
shoulders.
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Acromioclavicular (AC) joint injuries account for 9% of inju-
ries to the shoulder girdle and have an overall incidence rate
of 9.2 per 1000 person-years, of which 89% are low-grade
injuries.17,20 AC joint dislocations are classified according
the Rockwood classification, in which Rockwood I and II
are incomplete dislocations attributed to the intact or
sprained coracoclavicular (CC) ligaments (Table 1).23,24 Rock-
wood III to VI are complete dislocations with ruptured AC
and CC ligaments. Rockwood I and II AC joint injuries are
generally treated nonoperatively using nonsteroidal anti-
inflammatory drugs and short-term shoulder immobiliza-
tion.3,17,26 Gradual mobilization is usually started after 1 or
2 weeks.

In clinical practice, low-grade AC joint injuries are
regarded as mild injuries, and patients expect full recov-
ery. Scarce literature exists on the long-term outcome after
nonoperative treatment in Rockwood I and II AC joint inju-
ries (Table 2). However, several studies have suggested
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that types I and II AC joint injuries may lead to higher
rates of chronic AC joint pathology than previously recog-
nized.10,18,19,25 Bergfeld et al4 found roentgenographic
changes in 29% to 48% of patients with Rockwood I and
II AC joint injuries and symptoms in 39% to 65%. The
time to follow-up was between 6 months and 3.5 years,
thereby representing midterm rather than long-term out-
comes. Mouhsine et al,19 evaluating 33 patients at
a mean follow-up of 6.3 years, reported that 27% with
this type of injury required subsequent surgery for chronic
AC joint pathology and 83% showed radiographic changes,
such as degeneration (62%), ossification of the ligaments
(16%), and distal clavicular osteolysis (13%). Mikek,18 eval-
uating 23 patients after a mean follow-up of 10.2 years,
found significantly lower functional status of the injured
shoulder by the use of multiple functional outcome scores
including the Constant score. The outcomes of nonopera-
tive treatment of Rockwood I and II AC joint injuries there-
fore seem less favorable than presumed. However, more
data are needed to clarify this since the existing literature
has methodologic flaws that hamper making definite con-
clusions on the long-term outcome of mild AC joint injuries.
As a consequence, too little evidence exists to adequately
address patients’ expectations about the subjective and
objective long-term functional outcomes.

This study assesses the long-term outcome after nonoper-
ative therapy for Rockwood I and II AC joint injuries. Its pri-
mary aim was to measure the objective functional outcome of
the injured shoulder as compared with the contralateral
shoulder. The secondary aims were to assess radiologic out-
comes and compare these between shoulders and to assess
subjective patient satisfaction. We hypothesized that there
would be a clinically relevant difference in functional out-
come between the injured and noninjured shoulders.

METHODS

To be eligible for this study, patients with clinically suspect
AC joint injuries had to (1) be diagnosed with a Rockwood I
or II AC joint injury via radiographic evaluation at the
time of presentation to the emergency department, (2) be
initially treated nonoperatively, (3) be �16 years old at
that time, and (4) have a minimal follow-up of 3 years after

the AC joint injury. Patients were excluded from participa-
tion if they had a history of shoulder injuries (eg, fractures,
rotator cuff injuries, shoulder instability), previous surgery
in the injured or contralateral shoulder, or AC joint inju-
ries in both shoulders.

The hospital records of patients who had visited the emer-
gency department of OLVG hospital (2 facilities) in Amster-
dam between January 2003 and December 2015 were
screened for these inclusion and exclusion criteria. All initial
radiographs were evaluated by a radiologist at the time of
presentation. A fifth-year radiology resident (I.D.K.) special-
ized in musculoskeletal radiology re-evaluated all radio-
graphs according to the Rockwood criteria (Table 1).

Recruitment started with contacting patients consecu-
tively, starting with those with the longest follow-up, until
the sample size was reached, thereby ensuring the longest
possible time to follow-up. The study was approved by the
Medical Research Ethics Committees United (NL67035.
100.18, R18.058). All participating patients provided
informed consent.

Primary Study Parameters

The following baseline characteristics were recorded when
available: sex, age at the time of presentation, duration of
follow-up, dominant side, laterality of injury, and body
mass index. The primary study parameters were the Con-
stant score9 and 2 patient-reported outcome measures
(PROMs). The Constant score was measured for the injured
shoulder as compared with the contralateral shoulder. The
PROMs were the Disabilities of the Arm, Shoulder and
Hand questionnaire (DASH)12 and the Simple Shoulder
Test (SST).16 The DASH measure focuses on physical func-
tion in daily life for patients with upper extremity musculo-
skeletal conditions. The scale ranges from 0 to 100, where
0 is best. The SST assesses functional disability and consists
of 12 items with dichotomous responses (yes/no), with a focus
on function-related pain and strength.

Secondary Study Parameters

Patients were examined for point tenderness at the AC
joint and AC pain during cross-arm adduction. Patients

TABLE 1
Criteria for the Rockwood Classification of AC Joint Injuries23,a

Rockwood Ligaments Radiograph

I AC sprained; CC intact Normal radiographic finding or slight widening in the AC joint
II AC ruptured; CC sprained Clavicle is elevated, but the inferior border of the clavicle is not above the superior

border of the acromion
III AC and CC ruptured Inferior border of the clavicle is beyond the superior aspect of the acromion, but the CC

distance is less than twice normal (\100%)
IV AC and CC ruptured Clavicle is displaced posteriorly
V AC and CC ruptured Inferior border of the clavicle is beyond the superior aspect of the acromion, but the CC

distance is more than double normal (.100%)
VI AC and CC ruptured Clavicle is displaced inferiorly to the coracoid process

aAC, acromioclavicular; CC, coracoclavicular.

758 Verstift et al The American Journal of Sports Medicine



were asked about rehabilitation (motion restriction and
rehabilitation exercises), the need for subsequent surgery
for residual symptoms, the practicing of sports pre- and
postinjury, and shoulder symptoms during sports. They
were asked to score their satisfaction with the function of
the shoulder on a visual analog scale ranging from 0 to 100.

For each patient, a Zanca view radiograph was made.27

A Zanca view portrays both AC joints on 1 graph, making
a comparison between shoulders somewhat more reliable.
The injured and noninjured AC joints were evaluated for
radiographic joint space (AC distance in millimeters),
radiographic displacement (CC distance in millimeters),
degeneration based on Kellgren-Lawrence classification
(grade 0-IV),14 ossification of the ligaments, and osteolysis
or deformity of the distal clavicle.

Sample Size Calculation

The sample size was calculated by the minimal clinically
important difference of 10 points in Constant score for
patients recovering from shoulder pathology.7,15 Based on
a paired t test and an SD18 of 19 and by setting the type
I error rate to .05 and type II error rate to 0.1, the required
sample size was 38 patients. Therefore, the aim of the
study was to include at least the calculated sample size
for Rockwood I and II AC joint injuries.

Statistical Analysis

Descriptive data were summarized. For parameters repre-
sented by continuous variables, the summaries consist of
the mean and SD or median and interquartile range
(IQR). For categorical variables, the number and percent-
age in each category are presented. The primary and sec-
ondary study parameters were separately analyzed for
both Rockwood subtypes.

A paired t test was used to analyze the statistical signif-
icance of the observed differences of the Constant score and
continuous radiologic outcomes in the injured and contra-
lateral shoulders. Because the observed differences
between shoulders were not normally distributed, 95%
CIs around the mean differences were estimated using
the bias-corrected and accelerated bootstrap method with
2000 replications. The McNemar test was used to test the
null hypothesis that dichotomous radiologic outcomes (eg,

degeneration, osteolysis, ossification) are equal in the
injured and contralateral shoulders.

To account for age- and sex-related differences, the
Constant scores were adjusted according to the study of
Katolik et al.13 We chose to not cut off at the threshold of
100 when the adjusted Constant score was .100 to main-
tain proportionate differences found between the injured
and contralateral shoulders. All data were collected using
CastorEDC (Castor). All statistical analyses were per-
formed using SPSS Statistics Version 22 (IBM Corp).

RESULTS

Between January 2003 and December 2015, 275 patients
were treated at our emergency department for Rockwood
I (n = 173) and Rockwood II (n = 102) AC joint injuries.
The patient characteristics are presented in Table 3. Of
all patients, 54 were excluded for the following reasons:
other shoulder injuries (n = 28), living abroad (n = 9),
\16 years old at the time of presentation (n = 7), primary
surgery (n = 2), death (n = 2), other comorbidity (n = 2),
illiteracy in the Dutch language (n = 2), and pregnancy
(n = 2). Another 39 patients could not be reached, and 28
were unwilling to participate, leading to a total exclusion
of 121 patients. For Rockwood I injuries, 38 patients could
be included; for Rockwood II injuries, 37 patients. In total,
154 patients were contacted, with a response rate of 49%.
Two patients with Rockwood I injuries required subse-
quent surgery, 1 at 3 months and 1 at 15 months. Surgery
was required because of failed nonoperative therapy. One
patient received a cortisone injection 9 months after the
injury and required surgery at 15 months. The patient
requiring surgery at 3 months had residual pain in the
AC joint before the injury, although no pathology was
found on imaging (including magnetic resonance imaging)
before trauma. This patient underwent surgery in another
hospital after the Rockwood I injury because of the ongoing
symptoms. Both patients underwent arthroscopy of the AC
joint with resection of the distal clavicle.

Functional Outcome Measures

After a median follow-up of 85 months (IQR, 68.0-100.0),
the mean Constant score of the injured shoulder in the
total sample (n = 75) was 88.6 (SD, 12.7) as compared

TABLE 2
Literature on Nonoperative Therapy in Rockwood I and II Acromioclavicular Joint Injuries

Study No. Follow-up, y Outcomes Comment

Bergfeld (1978)4 127 \3.5 Symptoms, 39%-65%; radiographic
changes, 29%-48%

Midterm outcomes, no contralateral radiograph

Bjerneld (1983)5 37 6 All patients with satisfactory results No functional outcomes
Shaw (2003)25 47 0.5 Pain, 40%; restricted movement, 20% Short-term outcomes
Mouhsine (2003)19 33 6.3 Late surgery, 27%; Constant score, 82%;

radiographic changes, 84%
Inadequate sample size, no contralateral

radiograph
Mikek (2008)18 23 10.2 Constant score, 70.5 vs 86.8 Inadequate sample size, no subgroup analysis

of Rockwood I and II AC joint injuries
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with 93.3 (SD, 8.7) in the contralateral shoulder. For Rock-
wood I injuries, after a median follow-up of 92.0 months
(IQR, 77.8-102.3), the mean Constant score was 90.1 (SD,
11.0) for the injured shoulder and 94.7 (SD, 5.6) for the
contralateral shoulder. For Rockwood II injuries, after
a median follow-up of 68.0 months (IQR, 50.5-99.0), the
mean Constant score was 87.2 (SD, 14.2) for the injured
shoulder and 91.9 (SD, 10.9) for the contralateral shoulder.
The mean difference of the Constant score between should-
ers in the total sample was –4.7 (95% CI, –6.7 to –2.7). The
mean difference of the Constant score between shoulders
was –4.6 (95% CI, –7.4 to –2.3) for Rockwood I and –4.8
(95% CI, –7.7 to –1.8) for Rockwood II injuries. Differences
between shoulders for the Constant and adjusted Constant
scores were significant for the total sample and both sub-
groups (Table 4).

Scores on the DASH and SST were nonnormally distrib-
uted (Table 5). The median DASH score for all patients was
4.2 (IQR, 0.0-10.8), and the median SST score for the
injured shoulder was 100 (IQR, 91.7-100.0). For Rockwood
I injuries, patients had a median DASH score of 4.2 (IQR,
0.0-7.5) and a median SST score of 100 (IQR, 91.7-100.0).
For Rockwood II injuries, the median DASH score was
5.8 (IQR, 0.4-15.0), and the median SST score was 100
(IQR, 87.5-100.0).

Secondary Outcomes

During physical examination, 12 patients (16%) experienced
tenderness to palpation at the AC joint of the injured shoul-
der (Tables 5). The cross-arm adduction test was positive for
the injured shoulder in 12 patients (16%) as compared with
2 patients (3%) for the contralateral shoulder. The median
patient satisfaction for the injured shoulder on a visual ana-
log scale was 83 (IQR, 70.0-95.0).

Of patients, 65 (87%) practiced sports preinjury, and 50
(67%) practiced sports at follow-up. From the patients
practicing sports at follow-up, 13 (26%) experienced shoul-
der symptoms during sports. Three (12%) of 25 patients not
practicing sports at follow-up had given up sports because
of shoulder symptoms.

Three patients did not participate in the radiographic
follow-up. One patient was pregnant, 1 did not want to par-
ticipate for reasons regarding radiation, and 1 had radio-
graphs made during follow-up that were not assessable.
Zanca view radiographs were made for 37 patients with
Rockwood I and 35 with Rockwood II injuries. For summa-
ries of the radiologic outcomes for both Rockwood subtypes,
see Table 6. The mean AC joint displacement (CC distance)
for 72 patients was 9.6 mm (SD, 4.3) in the injured shoul-
der and 8.0 mm (SD, 2.8) in the contralateral shoulder.

TABLE 3
Patient Characteristicsa

Total Rockwood I AC Joint Injury Rockwood II AC Joint Injury

Patients 75 38 37
Age at follow-up, y 41.0 (31.0-51.0) 39.5 (30.8-46.5) 45.0 (33.5-54.5)
Male 60 (80) 29 (76) 31 (84)
Body mass index 25.4 (23.7-27.3) 25.6 (24.0-27.5) 24.8 (23.5-27.3)
Time to follow-up, mo 85.0 (68.0-100.0) 92.0 (77.8-102.3) 68.0 (50.5-99.0)
Smoking 24 (32) 12 (32) 12 (32)
Right-hand dominant 66 (88) 31 (82) 35 (95)
Laterality of injury: right-sided 42 (56) 20 (53) 22 (60)
Injuries on dominant side 43 (57) 21 (55) 22 (60)
Postinjury

Restriction of movementb 59 (79) 30 (79) 29 (78)
Rehabilitation exercises 36 (48) 15 (40) 21 (57)

aData presented as No. (%) or median (interquartile range). AC, acromioclavicular.
bSling or taping.

TABLE 4
Function of the Injured and Contralateral Shouldersa

Constant Score Adjusted Constant Score

Rockwood
Injured
Shoulder

Contralateral
Shoulder P Value MD (95% CI)

Injured
Shoulder

Contralateral
Shoulder P Value MD (95% CI)

I 90.1 (11.0) 94.7 (5.6) .019 24.6 (27.4 to 22.3) 97.1 (11.1) 102.1 (4.1) .019 25.0 (28.0 to 22.5)
II 87.2 (14.2) 91.9 (10.9) .003 24.8 (27.7 to 21.8) 93.9 (14.3) 99.1 (10.8) .003 25.2 (28.5 to 22.0)
Total 88.6 (12.7) 93.3 (8.7) \.001 24.7 (26.7 to 22.7) 95.5 (12.8) 100.6 (8.2) \.001 25.1 (27.4 to 23.1)

aValues are presented as mean (SD) unless noted otherwise. P values are based on bootstrapped paired t test. MD, mean difference.
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This difference between shoulders in the total sample was
significant according to the bootstrapped paired t test (P =
.003; 95% CI, 8.6 to 10.6). When Rockwood I and II injuries
were analyzed separately, the difference between should-
ers for AC joint displacement was significant for Rockwood
II (P = .004; 95% CI, 1.5 to 4.4) but not Rockwood I injuries
(P = .499; 95% CI, –0.5 to 1.2). The mean AC joint space
(AC distance) for 72 patients was 10.1 mm (SD, 4.0) in
the injured shoulder and 7.9 mm (SD, 2.2) in the contralat-
eral shoulder. This difference between shoulders in the
total sample was significant (P = .001; 95% CI, 1.3 to

3.3). The difference between shoulders for AC joint space
was also significant for Rockwood I (P = .036; 95% CI, 0.5
to 3.5) and Rockwood II injuries (P\ .001; 95% CI, 1.4 to 3.9).

Forty-four percent of patients showed degenerative
changes in the injured shoulder as compared with 46% in
the contralateral shoulder (P = .477). In the injured shoul-
der, 31% of patients had osteolysis of the distal clavicle as
opposed to none in the contralateral shoulder (P \ .001).
Regarding ossification, AC and CC ligaments could both
be ossified. When either or both ligaments were ossified,
patients were regarded as having ossification of the

TABLE 5
Outcomes at Follow-upa

Total Rockwood I AC Joint Injuries Rockwood II AC Joint Injuries

Patients 75 38 37
DASH 4.2 (0.0-10.8) 4.2 (0.0-7.5) 5.8 (0.4-15.0)
SST 100 (91.7-100.0) 100 (91.7-100.0) 100 (87.5-100.0)
AC joint pressure pain at injured shoulder 12 (16) 6 (16) 6 (16)
Positive cross-arm adduction test

Injured shoulder 12 (16) 8 (21) 4 (11)
Contralateral shoulder 2 (3) 1 (3) 1 (3)

Patient satisfaction 83 (70.0-95.0) 80 (70.8-96.0) 85 (69.0-95.5)
Subsequent surgery 2 (3) 2 (5) 0 (0)
Sports

Preinjury 65 (87) 33 (87) 32 (87)
Postinjury 50 (67) 30 (79) 20 (54)

Symptoms during sportsb 13/50 (26) 8/30 (27) 5/20 (25)
Shoulder symptoms as reason for not

participating in sportsc
3/25 (12) 0/8 (0) 3/17 (18)

aData presented as No. (%) or median (interquartile range). Patient satisfaction was determined with a visual analog scale from 0-100. AC,
acromioclavicular; DASH, Disabilities of the Arm, Shoulder and Hand; SST, Simple Shoulder Test.

bOnly patients practicing sports postinjury included (n = 50).
cOnly patients not practicing sports postinjury included (n = 25).

TABLE 6
Radiologic Outcomes for Rockwood I and II AC Joint Injuriesa

Rockwood I (n = 37) Rockwood II (n = 35)

Injured
Shoulder

Contralateral
Shoulder P Value MD (95% CI)

Injured
Shoulder

Contralateral
Shoulder P Value MD (95% CI)

AC displacement,b mm 8.5 6 3.5 8.2 6 3.0 .499c 0.3 (20.5 to 1.2) 10.7 6 4.9 7.8 6 2.5 .004c 2.9 (1.5 to 4.4)
AC joint space,d mm 9.8 6 4.5 7.9 6 2.3 .036c 1.9 (0.5 to 3.5) 10.4 6 3.4 7.8 6 2.2 \.001c 2.7 (1.4 to 3.9)
Degenerative changes, gradee 16 (43) 16 (43) .511f 16 (46) 17 (49) .864f

I 11 (30) 7 (19) 11 (31) 10 (29)
II 4 (11) 7 (19) 4 (11) 6 (17)
III 1 (3) 2 (5) 1 (3) 1 (3)
IV 0 (0) 0 (0) 0 (0) 0 (0)

Osteolysis of distal clavicle 9 (24) 0 (0) \.001f 13 (37) 0 (0) \.001f

Ossification of the ligaments 8 (22) 2 (5) \.001f 13 (37) 3 (9) \.001f

Deformity of distal clavicle 7 (19) 0 (0) \.001f 7 (20) 0 (0) \.001f

aValues are presented as mean 6 SD or No. (%) unless noted otherwise. AC, acromioclavicular; MD, mean difference.
bDefined as the vertical distance between the superior edge of the lateral end of the clavicle and the superior edge of the acromion.
cBootstrapped paired t test.
dDefined as the horizontal distance between the articular surface of the clavicle and the articular surface of the acromion.
eClassified according to the Kellgren-Lawrence classification.
fMcNemar test.
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ligaments. In the injured shoulder, 29% of patients had
ossification of the ligaments as compared with 7% in the
contralateral shoulder (P \ .001). During radiologic evalu-
ation, 19% of patients had deformities of the distal clavicle
that could not be classified as osteolysis or osteoarthritis
(P \ .001). When the radiologic outcomes were combined,
74% of the patients had a radiologic change in the injured
shoulder as opposed to 46% in the contralateral shoulder.

DISCUSSION

The purpose of this study is to assess the long-term func-
tional outcome after nonoperative therapy for Rockwood I
and II AC joint injuries. The functional outcome, as mea-
sured by the Constant score for the total sample and for
Rockwood I and II injuries separately, was somewhat
worse for the injured shoulder than the contralateral
shoulder, with a difference of –4.7 points (P \ .001; 95%
CI, –6.7 to –2.9) between shoulders after a median fol-
low-up of 85 months. Researchers establishing minimal
clinically important differences for the Constant score for
different shoulder pathologies have reported a relevant dif-
ference of at least 4 to 11 points.11,15,21 These minimal clin-
ically important differences have not been established for
AC joint injuries and concern differences between 2 points
of follow-up, instead of a relevant difference between
shoulders within 1 patient. Despite these limitations, we
conclude that the difference between shoulders according
to the Constant score in patients after Rockwood I and II
AC joint injuries is clinically nonrelevant.

The DASH score measures physical function in daily life
for patients with regard to upper extremities. The scale
ranges from 0 to 100, where 0 is the best score. The median
DASH score was 4.2 (IQR, 0.0-7.5) for Rockwood I and 5.8
(IQR, 0.4-15.0) for Rockwood II injuries. This is similar to
the mean score of a general population in Norway, where
the mean DASH score for patients aged 30 to 49 years
ranges from 5 to 11.1 The SST assesses functional disabil-
ity with a focus on function-related pain and strength. The
median SST was 100 (IQR, 91.7-100.0) for Rockwood I and
100 (IQR, 87.5-100.0) for Rockwood II injuries. Mikek18

found a mean SST of 80 after 10 years in patients with
Rockwood I and II injuries. The SST scores of our sample
are high when we consider that a young, healthy, and
active population has a mean SST of 98.8 With regard to
the DASH score and SST, long-term functional outcome
of daily life for patients with Rockwood I and II injuries
is good.

Of 75 patients overall, only 2 (3%) with Rockwood I inju-
ries required subsequent surgery after failed nonoperative
therapy. This percentage is very different from the findings
of Mouhsine et al,19 in which 9 of 33 patients with Rockwood
I or II injuries required surgery at a mean 26 months after
injury because of chronic AC pathology. The Mouhsine et al
study is, to our knowledge, the only one with high rates of
subsequent surgery in this population. Without detailed
information on the indications for subsequent surgery, the
different rates among the studies cannot be explained. In
our study, the need for surgery is low, especially given

that no patient required surgery for late-onset symptoms
attributed to degenerative changes in the AC joint.

Despite functional outcomes being good, the median
patient satisfaction score was 83 (IQR, 70.0-95.0). Based
on the high objective measures, the satisfaction with the
functional outcome was lower than that measured using
the PROMs and Constant score. Items within the PROMs
indicated that many patients declared having residual
symptoms. Forty-eight percent of patients stated that they
had pain when carrying out activities (especially heavy or
overhead activities), 36% considered the injured shoulder
weakened, 32% admited having slight to moderate trouble
sleeping, and 33% perceived themselves to be less employ-
able or less secure because of the shoulder symptoms. For
future research, it might be interesting to find a reason
for the discrepancy between the relative low patient satis-
faction and the promising objective functional outcome.

AC joint displacement and AC joint space at follow-up
were significantly different between shoulders for Rockwood
II injuries, which is to be expected because AC ligaments
are ruptured and CC ligaments are at least sprained. In Rock-
wood I injuries, only AC joint space was widened signifi-
cantly. In these patients, the nonsignificant difference
between shoulders for AC joint displacement can be explained
by the fact that the CC ligaments are generally intact. It is
remarkable that degenerative changes occurred in injured
and uninjured shoulders at almost similar rates (44% vs
46%). This is explained by the frequent occurrence of osteoly-
sis of the distal clavicle and therefore widening of the AC joint
in the injured shoulder. In 31% of patients, the injured shoul-
der showed osteolysis of the distal clavicle as opposed to none
in the contralateral shoulder (P \ .001). Ossification of the
ligaments and deformity of the distal clavicle occurred more
frequently in the injured shoulder (P \ .001). It can be con-
cluded that even low-grade AC joint injuries lead to an altered
radiologic appearance of the joint in the long term.

This study was limited by the cross-sectional design and
the wide-ranging time to follow-up. The ideal design
assesses outcomes prospectively at several time points. In
addition, the interobserver variation in the classification
of Rockwood I and II injuries might influence the inclusion
of patients. In this study, we tried to minimize this influ-
ence by consistent re-evaluation of the initial radiographs
by a radiologist specialized in musculoskeletal pathology.
In case of discussion, the patient was excluded. Given
that the initial radiographs were not according to the
Zanca view protocol, there was an increased risk of detec-
tion bias when the patient had other AC joint pathology
(eg, distal clavicle fracture or osteoarthritis) that was
missed on the general shoulder projection. Furthermore,
the PROMs and Constant score are, to our knowledge,
not validated for AC joint injuries. These instruments are
frequently used for AC joint injuries nevertheless.22 Just
recently, the Specific AC Score and the Nottingham Clavi-
cle Score were developed to aid in the consistent assess-
ment of AC joint injuries.2,6 Because these scores have
not yet been widely adapted or validated in the Dutch pop-
ulation, we believed the Constant score to be the current
best evidence because of its extensive use in shoulder
and AC joint pathology. Last, the response rate of 49%
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comes with the risk of selection bias—for instance, when
patients with residual symptoms might be more likely to
participate in the study. However, reasons for not partici-
pating were recorded, and in most cases, unwilling
patients did not participate for other reasons than the
absence of residual symptoms. If selection bias were pres-
ent, the functional difference between shoulders was most
likely overestimated. A strength of the study is the calcula-
tion of a sample size to draw conclusions for both Rockwood
subtypes based on sufficient statistical power to detect a clin-
ically relevant difference. In addition, functional and radio-
logic outcomes were assessed for the injured and
contralateral shoulders, ensuring an adequate control group
to avoid confounders based on baseline characteristics and
exposure.

For future research, it is relevant to examine the dis-
crepancy between the objective and subjective functional
outcomes and to assess the potential correlation between
rehabilitation options and improved shoulder function
and patient satisfaction. Possible gain in functional out-
come might still lie in protocol-based rehabilitation pro-
grams, given that only 48% of patients did exercises to
improve functional outcome. Subgroup analysis in patients
with varying ways of rehabilitating could help to deter-
mine the best way to treat these injuries rather than leav-
ing it up to the patient. However, this study confirms that
there is no indication for surgery in this population.

In conclusion, this study presents the long-term objec-
tive and subjective functional outcomes in patients with
Rockwood I and II AC joint injuries. Patients with Rock-
wood I and II injuries can now be informed with more
detail on what to expect with regard to long-term shoulder
function. The objective function of the injured shoulder is
slightly less than that of the contralateral shoulder; how-
ever, this difference is clinically nonrelevant. Patients
should be informed on possible residual symptoms but
will most likely regain good function in daily life.
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