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No difference in clinical outcome at 2-year
follow-up in patients with type III and V
acromioclavicular joint dislocation treated with
hook plate or physiotherapy: a randomized
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Background: The need for operative treatment of acute acromioclavicular (AC) joint dislocation is unclear. The purpose of this random-
ized controlled trial was to compare the outcomes after operative treatment with a hook plate with the outcomes after nonoperative treat-
ment of acute Rockwood type III and type V AC joint dislocations separately.
Methods: The inclusion criteria were patients aged 18-65 years with an acute type III or type VAC joint dislocation with the availability
to start treatment within 3 weeks after trauma. All patients received the same standardized outpatient rehabilitation protocol and were
followed up for 24 months. Assessments were based on radiographs, clinical examination findings, and questionnaires. The primary
outcome was the Constant score (CS). The secondary outcomes were as follows: Subjective Shoulder Value (SSV), QuickDASH
score (abbreviated version of the Disabilities of the Arm, Shoulder and Hand questionnaire), shoulder pain at rest and during movement
rated using a visual analog scale, EQ-5D (European Quality of Life 5 Dimensions) score, patient satisfaction, cosmesis, complications,
and adverse events. The 4 groups were compared using 1-way analysis of variance and intention to treat.
Results: The included patients (N ¼ 124) (mean age, 40 years [range, 18-64 years]; 91% male patients) were randomized, stratified by
type, to nonoperative treatment (type III, n ¼ 33; type V, n ¼ 30) or operative treatment with a hook plate (type III, n ¼ 30; type V,
n ¼ 31) at a single center. Three patients randomized to physiotherapy dropped out before any follow-up measures, leaving 121 patients
in the study. Complete clinical follow-up data were obtained from 118 patients at 24 months. At 3 months, patients in both nonoper-
atively treated groups had a significantly better mean CS, SSV, and QuickDASH score and had less pain at rest and during movement
compared with patients treated operatively. At 6, 12, and 24 months, there were no significant differences in the CS, SSV, QuickDASH
score, pain, or EQ-5D score between the groups regardless of intervention. At 24 months, the mean CS was 88 for nonoperatively treated
type III patients vs. 91 for operatively treated type III patients and was 90 vs. 91 for type V patients (P ¼ .477). At final follow-up,
patients had regained 97% of the mean CS comparing the uninjured and injured shoulders and 86% of the patients rated the result
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as excellent or good. Eleven patients assigned to nonoperative treatment (18%, 6 type III and 5 type V) underwent surgery within 19
months.
Conclusions: Both the nonoperative and operative treatment groups had very good restoration of shoulder function and patient satis-
faction at 24 months, and operative treatment did not lead to better outcomes compared with nonoperative treatment. In conclusion, our
study does not support surgery with a hook plate in patients with acute Rockwood type III or type V AC joint dislocations.
Level of evidence: Level I; Randomized Controlled Trial; Treatment Study
� 2022 The Author(s). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Acromioclavicular joint dislocation; acromioclavicular joint separation; AC joint dislocation; randomized study; physio-
therapy; surgery; hook plate
Acromioclavicular (AC) joint dislocation is a common
upper-extremity injury, especially among active young
male individuals.16 This injury can be classified depending
on the degree of dislocation, in accordance with the
Rockwood classification, as type I to type VI.12 There is a
general consensus to treat Rockwood types I and II non-
operatively.6-8,40,42,46 The treatment of type III has been
debated in the literature for many years, and few studies
have been able demonstrate that operative treatment im-
proves outcomes.4,26 Currently, treatment is usually
nonoperative at first.24,34,45,57 For younger patients with
higher demands and unacceptable results after nonoperative
treatment, surgery may be considered later in the chronic
phase.6 In contrast, surgery is recommended for acute
Rockwood type V dislocations, probably because of the
large visible degree of malalignment, expert opinion, and
tradition.6,22,35,62,63 However, recent reviews and meta-
analyses have concluded that recommendations on treat-
ment cannot be made owing to a lack of evidence.1,47,58,59

A recent updated Cochrane review of 6 randomized and
quasi-randomized trials,4,15,28,31,34,41 comparing operative
with nonoperative treatment of acute AC joint dislocation
in adults, could not analyze outcomes for different Rock-
wood types because of a lack of data.59 The review could
not conclude whether surgery improved outcomes after 1
year but stated that nonoperatively treated patients seemed
to have better outcomes after 6 weeks. However, both the
review59 and the commentary on this review by de Sa and
Bhandari20 concluded that the included studies provided
low-quality evidence or very low–quality evidence on
functional outcome, pain, and cosmesis; that several studies
included outdated surgical techniques; and that some
studies did not report physiotherapy protocols for non-
operatively treated patients. Although there are more
recently described arthroscopic and open repair or recon-
struction techniques,19,27,52,64 treatment with a hook plate is
a technically uncomplicated surgical procedure still used by
many orthopedic surgeons.2,21

This study aimed to evaluate the outcomes of acute
Rockwood type III and type VAC joint dislocations treated
operatively with a hook plate or nonoperatively with
physiotherapy. Our hypothesis was that type III and type V
AC joint dislocations would not benefit from operative
intervention with a hook plate compared with nonoperative
treatment with physiotherapy.
Materials and methods

This study was a parallel-arm, randomized controlled trial (RCT).
Written informed consent was obtained from all participants prior
to inclusion in the study. The CONSORT (Consolidated Standards
of Reporting Trials) guidelines were followed in the development
and reporting of this study.54

Study design and eligibility criteria

The study was carried out at Capio St G€oran’s Hospital, a large
emergency hospital for adult patients in Stockholm, Sweden. Pa-
tients with acute (<3 weeks from injury) type III or type V AC
joint dislocations were recruited from the orthopedic emergency
departments of 5 hospitals in Stockholm and referred to an or-
thopedic shoulder surgeon (H.B.W.) at Capio St. G€oran’s Hospital
for screening and enrollment (Fig. 1). The inclusion and exclusion
criteria are presented in Table I. Recruitment of patients occurred
from 2012 until 2017.

Rockwood classification

Post-trauma radiographs consisted of bilateral anteroposterior
(AP), axial, and subscapular views of both shoulders. Each injury
was classified in accordance with the Rockwood classification by
2 shoulder surgeons (A.E. and H.B.W.) separately. The cor-
acoclavicular (CC) distance was measured between the upper
border of the coracoid process and the inferior cortex of the
clavicle. Rockwood type III injury is defined as an increase in the
CC distance by 25%-100% compared with the uninjured side, and
type V injury, as an increase by >100%-300%.12

Interventions

Physiotherapy
Patients in both groups followed the same rehabilitation protocol,
described in Supplementary Table S1, and underwent follow-up
by a physiotherapist at 2 and 6 weeks. Patients used a sling for
2 weeks and were allowed to use the arm for daily activities such
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as eating and personal hygiene, as well as movement below the
shoulder level with maximum loading of the arm of 1 kg, until 6
weeks after injury or surgery. After 6 weeks, patients were
allowed free range of movement, and weight bearing was slowly
increased. Sports and heavy loading were allowed 3 months after
injury or surgery.

Operative treatment: hook plate
In the operative treatment group, all patients were given preop-
erative antibiotics, consisting of a single dose of 2 g of cloxacillin
or 600 mg of clindamycin intravenously, 30-60 minutes before
surgery. Under general anesthesia, patients were positioned in the
beach-chair position and a saber-cut incision was made. The
lateral clavicle and AC joint were visualized and cleared of
meniscal remnants. The joint was reduced with a stainless steel
LCP Clavicle Hook plate (Synthes, Oberdorf, Switzerland)
(Fig. 2). The fascia over the clavicle, including the AC joint
capsule, was repaired with Vicryl (Ethicon, Somerville, NJ, USA).
The hook plate was routinely removed after 12 weeks; no anti-
biotics were given prior to this procedure. The time to surgery,
surgical time, surgeon, time between surgery and plate removal,
number of inpatient days, and complications were recorded.

Data collection and outcome measures

Clinical evaluation
All data except the Constant score (CS) were collected by a
researcher (H.B.W.) who was not involved in the treatment of the
included patients. Data were collected over the phone at 1 month
and included only responses to questions regarding pain at rest and
during movement, as well as the EQ-5D (European Quality of Life
5 Dimensions) score. At baseline (before randomization) and 3, 6,
12, and 24 months, data were collected during a personal visit to
the hospital’s outpatient unit.

Outcome variables
The primary outcome variable to evaluate the clinical outcome
was the CS (0-100, in which 100 is the best possible result), which
was measured by a shoulder-specialized physiotherapist (V.U.-L.)
not involved in the rehabilitation.18 The range-of-motion and
strength subscales of the CS were assessed using a goniometer and
a handheld dynamometer (IsoBex; Medical Device Solutions,
Oberburg, Switzerland), respectively. All patients reported that
both their shoulders had similar function before the trauma, and
thus, it was assumed that the preinjury CS for the injured shoulder
was the same as the CS for the uninjured shoulder. At final follow-
up, both shoulders were assessed.

The secondary outcome measures included the Subjective
Shoulder Value (SSV) (0%-100%, in which 100% represents a
completely normal shoulder)25 and the abbreviated version of the
Disabilities of the Arm, Shoulder and Hand questionnaire
(QuickDASH score; 0-100, in which 0 is the best score).5 Visual
analog scale (VAS) scores were used to estimate pain at rest and
during movement (0-10, in which 0 represents no pain).10,48 The
EQ-5D score was used to measure quality of life.11 The EQ-5D
measure evaluates 5 dimensions of health status, which are con-
verted into an index (ranging between –0.594 and 1): mobility,
self-care, usual activities, pain, and anxiety/depression.
At baseline, patients were asked about their preinjury and
postinjury shoulder function for the SSV and about their
post-injury function for the QuickDASH score, EQ-5D score, and
pain at rest and during movement. At final follow-up, patients
were asked about their degree of satisfaction with the results after
treatment (excellent, good, fair, poor, or unacceptable).9,61

Furthermore, patients were asked 2 questions about cosmesis:
They were asked whether they were satisfied with the physical
appearance of the shoulder, answering yes or no, and were asked
to grade the appearance of the shoulder on a VAS from 0 to 10 (in
which 0 meant dissatisfaction and 10 meant satisfaction or no
change compared with the uninjured shoulder).9,61

A complication was defined as an unfavorable outcome
following operative treatment and an adverse event was defined as
an unfavorable outcome following nonoperative treatment that
affected the speed of recovery or the final outcome.23 At each
evaluation point, the number of patients participating, complica-
tions, and adverse events were recorded.

Radiologic evaluation
Radiographs of the clavicle, consisting of 2 AP images, including
1 image with 35�-40� of caudal tilt of the beams to assess the
position of the hook plate and screws, were taken after surgery. At
the final follow-up, radiographs were taken bilaterally, consisting
of an AP view with and without 5 kg of loading of the arm, an
axillary view, and a subscapular view. The CC distance was
measured. The radiographs were also evaluated and classified by 2
independent orthopedic shoulder surgeons (H.B.W. and A.E.). An
increase in the CC distance at baseline was correlated with the CS
at 24 months. Furthermore, at 24 months, patientsdregardless of
treatmentdwere divided into 3 groups based on the increase in the
CC distance on radiographs obtained at 24 months: <25%, 25%-
100%, or >100%. The CS at 24 months in these groups was then
compared.9,61

Sample size

To estimate the sample size, we used mean values and standard
deviations from a similar study comparing the CS after nonoper-
ative and operative treatment of Rockwood type III AC joint
dislocations with a hook plate.26 By use of an a error ¼ .05 and b
error ¼ .20 (which equals 80% power), the required number of
patients in each group was calculated to be 28. To allow for an
estimated loss to follow-up of 10% during the study period, the
aim was to include 30 patients in each group.

Randomization and blinding

After baseline examination, patients were randomized to either
nonoperative or operative treatment by an independent individual
outside the hospital without any other involvement in the study. A
computer program with a 1:1 allocation, stratification by Rock-
wood type (III or V) based on the acute post-trauma radiographs,
and randomly permuted block sizes from the website http://www.
randomization.com were used.

The physiotherapist (V.U.-L.) who assessed the CS was blin-
ded to the treatment of all patients. Statistical data analysis was
performed by an unbiased evaluator.

http://www.randomization.com
http://www.randomization.com


Acute acromioclavicular joint dislocations 
type III and V from hospitals in Stockholm, 

assessed for eligibility 

n = 310 

Patient declined to participate 
because he/she wanted surgical 

treatment 
n=35

(9 type III and 26 type V) 

Included in the study 

n=124   

(63 type III and 61 type V)  

Present or earlier injury or 
surgery to shoulder(s) 

n=58 

Not fulfilling inclusion criteria (age 
< 18 or > 65 years, injury > 3 w,  

immature bone, not working, 
noncompliance) 

n=33 

Patients not cleared for surgery 
(wounds in the operating field or 
unsuitable for general anesthesia) 

n=24 

Patient declined to participate 
because he/she did not want 

surgical treatment 
n=36

(22 type III and 14 type V) 

Figure 1 Flowchart of patients with acute type III or type V acromioclavicular joint dislocation screened for participation in study.
w, weeks.
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Table I Inclusion and exclusion criteria

Inclusion criteria
Acute AC joint dislocation
Rockwood type III or type V
Age 18-65 yr
Availability to start treatment within 3 weeks
Compliance with verbal and written instructions

Exclusion criteria
Concomitant shoulder injury, at present or earlier
Skin laceration in operative area
Open AC joint dislocation
Immature bone (open growth plates)
History of malignancy
Neurovascular injury
Contraindication to undergo surgery
Disability affecting working capacity

AC, acromioclavicular.
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Statistical methods

If a patient randomized to physiotherapy did not follow his or
her treatment until the endpoint at 24 months because of a
surgical request, the method of last observation carried forward
(LOCF) was used. This was in accordance with the intention-to-
treat design of the study. The data of patients absent from
follow-up visits at 1, 3, or 6 months were recorded as missing.
For patients absent from follow-up at 12 or 24 months, the
LOCF was used.

Descriptive statistics such as counts, percentages, and means
with ranges or standard deviations were used to characterize the
sample. Statistical analyses of continuous variables were per-
formed with parametric statistics. Comparisons between the 4
groups at all time points (before injury; baseline; and 1, 3, 6, 12,
and 24 months), as well as comparisons of the CS for different
groups according to the increased CC distance, were conducted
with 1-way analysis of variance with a post hoc test according to
the Tukey honestly significant difference (HSD) test. Spearman
rank correlation was used to test for correlations between an
increased CC distance at baseline and the CS at 24 months,
stratified by treatment. For categorized variables such as sex,
injured dominant side, smoking, satisfaction with results, and
cosmesis, the Pearson c2 test was applied. The level of statistical
significance was set at P < .05 (2 tailed). Statistical analysis was
performed with SPSS software (version 25.0; IBM, Armonk, NY,
USA).
Results

Study population

Inclusion stopped when 124 patients (63 with type III
dislocation and 61 with type V dislocation) had been
included and randomized (Fig. 1). Three patients random-
ized to the nonoperative group dropped out before any
follow-up measurements were available. Thus, a total of
121 patients (31 with nonoperatively treated Rockwood III
injuries, 29 with nonoperatively treated Rockwood V in-
juries, 30 with operatively treated Rockwood III injuries,
and 31 with operatively treated Rockwood V injuries) were
entered into the statistical analysis.

The mean age at injury was 40 years (range, 18-64
years), and 111 patients (92%) were men. These charac-
teristics were similar among those who declined to partic-
ipate in the study (n ¼ 71; mean age, 42 years; 94% male
patients). The most common cause of injury was biking
(31%, n ¼ 38), followed by a fall at the same level (17%,
n ¼ 20) and soccer (10%, n ¼ 12). The demographic data
of the 121 analyzed patients are presented in Table II. Of
the patients assigned to nonoperative treatment, 11 (18%),
6 with type III and 5 with type V injuries, underwent sur-
gery within 19 months (range, 6-19 months).

Data were recorded for 124 patients at baseline; 3 pa-
tients dropped out, leaving 121 patients for analysis at 3
months. Some patients missed 1 or 2 follow-up visits; thus,
119 patients were present at 6 months and 118 patients
were present at 12 months. At final follow-up, 118 patients
(95%) were present. By using the LOCF method, analysis
could be performed for 121 patients at 12 and 24 months
(Fig. 3).

Operative group

Patients randomized to operative treatment were operated
on after a mean of 16 days (range, 6-26 days). The mean
operating time was 35 minutes (range, 18-98 minutes), and
each patient was treated by 1 of 6 senior orthopedic
shoulder surgeons with extensive experience performing
hook plate surgery. Patients stayed in the hospital for 0.9
days on average (range, 0-2 days). All patients in the
operative group underwent hook plate removal after 14.6
weeks on average (range, 12-23 weeks).

Primary outcome: CS

There were no statistically significant differences in the CS
between the groups before injury. The average CS was
significantly better in patients with nonoperatively treated
type III and V injuries than in those with operatively
treated type III and V injuries at 3 months (P < .001).
There was no statistically significant difference in the mean
CS between the groups at 6, 12, or 24 months. At final
follow-up at 24 months, the CS was 88 for nonoperative
type III injuries vs. 91 for operative type III injuries and 90
for nonoperative type V injuries vs. 91 for operative type V
injuries (P ¼ .477) (Table III, Fig. 4). There were no sig-
nificant differences in the CS subscales, except at 3 months
(Table IV).

When we assessed the CS for both shoulders at 24
months, nonoperative type III patients regained 96% of the
CS of the uninjured shoulder and operative type III patients



Table II Demographic data and causes of injury (N ¼ 121)

Variable Rockwood type III Rockwood type V P value*

Nonoperative
(n ¼ 31)

Operative
(n ¼ 30)

Nonoperative
(n ¼ 29)

Operative
(n ¼ 31)

Mean age at injury
(range), yr

40 (18-63) 39 (21-57) 39 (21-63) 40 (18-64) .968

Male sex 28 (90) 28 (93) 28 (97) 27 (87) .583
Injured dominant side 15 (48) 17 (57) 17 (59) 20 (65) .640
Smoking 1 (3) 4 (13) 3 (10) 3 (10) .570
Mechanism of injury

Cycling accident 7 (23) 11 (37) 9 (31) 11 (35)
Other sports injury 6 (19) 7 (23) 10 (34) 6 (19)
Fall at same level 7 (23) 4 (13) 6 (21) 3 (10)
Soccer 2 (6) 4 (13) 2 (7) 4 (13)
Alpine skiing 5 (16) 1 (3) 1 (3) 4 (13)
Motorcycle accident 4 (13) 3 (10) 1 (3) 3 (10)

Data are presented as number (percentage) unless otherwise indicated.
* One-way analysis of variance for age and c2 test for sex, injured dominant side, and smoking.

Figure 2 Radiographs of acromioclavicular joint treated with hook plate. (A) Anteroposterior view. (B) Anteroposterior view with 35�-
40� of caudal tilt of beams to assess position of hook plate and screws.
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regained 99%. Nonoperative type V patients regained 97%
of the CS of the uninjured shoulder, and operative type V
patients regained 98%.

There were 11 patients included in the analysis, ran-
domized to nonoperative treatment, who requested surgery
because of pain and unacceptable shoulder function. Their
CS values at the time of crossover are presented in
Supplementary Table S2. These 11 patients were analyzed
according to intention to treat using the LOCF method
before surgery.
Secondary outcomes

The SSV and QuickDASH score followed the same pattern
as the CS, with nonoperative patients, both type III and type



Allocated to operative treatment (n=61) 
♦ Received allocated intervention (n=61)
♦ Did not receive allocated intervention (n=0)

Allocated to non-opererative treatment (n=63) 
♦ Received allocated intervention (n=60)
♦ Did not receive allocated intervention 

(crossover) (n=3)

Lost to follow-up at 24 months (n=3) 
Discontinued intervention (n=0)

Lost to follow-up at 24 months (n=0) 
Discontinued intervention (n=11)

Rockwood III: Allocated to 
operative treatment (n=30) 
♦  Received allocated 

intervention (n=30) 

Rockwood V: Allocated to 
operative treatment (n=31) 
♦ Received allocated 

intervention (n=31)

Rockwood III: Allocated to 
Non-operative treatment 
(n=33) 
♦ Received allocated 

intervention (n=31) 
♦ Did not receive allocated 

intervention (n=2)

Rockwood V: Allocated to 
Non-operative treatment 
(n=30) 
♦ Received allocated 

intervention (n=29)
♦ Did not receive allocated 

intervention (n=1) 

Analyzed (n=60) 
♦ Excluded from analysis (n=3)

Analyzed (n=61) 
♦ Excluded from analysis (n=0)

Rockwood III:
Lost to follow-up (Patients 
could not be reached) 
(n=2) 

Rockwood III:
Lost to follow-up (n=0) 
Discontinued intervention 
(n=6) 

Rockwood V:
Lost to follow-up  
(Patient deceased) (n=1) 

Rockwood V:
Lost to follow-up (n=0) 
Discontinued intervention 
(n=5) 

Rockwood III: Analyzed 
(n=30) 
♦ Excluded from analysis 
(n=0)

Rockwood V: Analyzed 
(n=31) 
♦ Excluded from analysis 
(n=0)

Rockwood III: Analyzed 
(n=31) 
♦ Excluded from analysis 

Rockwood V: Analyzed 
(n=29) 
♦ Excluded from analysis 
(n=1) did not recieve allocated
intervention

Assessed for eligibility (n=310) 

Excluded (n=186) 
♦ Not meeting inclusion criteria (n=115) 
♦ Declined to participate (n= 71) 

Randomized (n=124) 

(n=2) did not receive allocated
intervention

Figure 3 Patient flow through study. CONSORT, Consolidated Standards of Reporting Trials.
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V, rating their shoulder better than operatively treated pa-
tients at 3 months (P < .001 for both scores), and there were
no significant differences between the groups in any follow-
up measures at 6, 12, or 24 months (Tables V and VI).
When we assessed the SSV for both shoulders 24 months
after treatment, nonoperative type III patients’ injured
shoulders scored 86% of the SSV of the uninjured shoul-
ders; operative type III, 87%; nonoperative type V, 86%;
and operative type V, 87%.

The average pain score during movement was signifi-
cantly lower at both 1 month (P ¼ .016) and 3 months
(P ¼ .002) for nonoperatively treated patients with type III
and V injuries compared with operatively treated patients.
The pain score at rest was significantly lower at 3 months
(P ¼ .009) for nonoperatively treated patients with type III
and V injuries, but there were no significant differences in
pain at 6, 12, or 24 months (Figs. 5 and 6).

The EQ-5D index was significantly better for non-
operatively treated patients with type III and V injuries at 1
month (P ¼ .004). At 3, 6, 12, and 24 months, there were no
significant differences between the groups (Fig. 7).

Patients rated the general result after treatment as
excellent (n ¼ 72) or good (n ¼ 29) in 86% of cases; only
3% (n ¼ 4) rated the result as unacceptable at 24 months.
Among nonoperatively treated type III patients, 81% rated
the result as excellent (n ¼ 17) or good (n ¼ 8); the cor-
responding percentages were 89% for operative type III
(n ¼ 19 and n ¼ 6, respectively), 79% for nonoperative
type V (n ¼ 15 and n ¼ 8, respectively), and 93% for
operative type V (n ¼ 21 and n ¼ 7, respectively)
(P ¼ .398).

Radiographs
For 6 of 124 patients (5%), the evaluators initially did not
agree on the Rockwood classification, but consensus was
reached after renewed assessment. There was no significant
correlation between the increase in the CC distance at
baseline and the CS after 24 months for patients treated



Table III Average Constant scores, measuring clinical function, at different time points

Time point Rockwood type III Rockwood type V P value*

Nonoperative Operative Nonoperative Operative

Before injury 89.2 (4.7) 90.2 (4.3) 90.5 (4.1) 89.4 (5.8) .682
3 mo 80.2 (13.3) 57.1 (17.4) 84.1 (11.2) 64.0 (17.9) <.001y

6 mo 83.2 (12.6) 83.9 (11.8) 88.9 (8.6) 85.1 (7.8) .158
12 mo 85.7 (10.5) 86.6 (13.3) 90.6 (8.8) 89.6 (6.4) .188
24 mo 88.1 (11.1) 91.1 (5.9) 90.0 (10.0) 91.0 (5.0) .477

The Constant score ranges from 0 to 100, in which 100 is the best possible result. Standard deviations are shown in parentheses.
* One-way analysis of variance.
y Significant difference between nonoperative and operative patients (Tukey honestly significant difference test).
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422163YRUJNI-ERP
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Type III non-operative Type V non-operative Type III operative Type V operative

*

Figure 4 Average Constant score used to measure clinical function (0-100, in which 100 is best possible result) at different time points.
One-way analysis of variance was performed. )Significant difference (P < .001) between nonoperative and operative patients (Tukey
honestly significant difference test).
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nonoperatively (Rs ¼ .037, P ¼ .776) or operatively
(Rs ¼ .035, P ¼ .792) when calculated for all patients
(Supplementary Fig. S1). When we divided the patients
(n ¼ 117) into 3 groups depending on the degree of
dislocation, the CS at 24 months was not significantly
related to the increase in the CC distance at 24 months on
weighted radiographs (P ¼ .476).
Cosmesis
Most of the patientswere satisfiedwith the appearance of their
injured shoulder at final follow-up, and there were no statis-
tically significant differences between the groups. In the
nonoperative type III group, 55% of the patients were satisfied
with the appearance of their injured shoulder vs. 68% of those
in the operative type III group. In the nonoperative type V
group, 66% of patients were satisfied vs. 67% in the operative
type V group (P ¼ .702). The mean VAS score (0-10)
regarding the cosmetic appearance of the shoulder was 7.8 for
nonoperative type III patients (range, 1-10), 8.1 for operative
type III patients (range, 5-10), 8.2 for nonoperative type V
patients (range, 5-10) and 7.6 for operative type V patients
(range, 0-10); there was no statistically significant difference
between the groups (P ¼ .721).
Complications and adverse events
There were 4 complications (3%) among the operatively
treated patients. In 1 type III patient with type 1 diabetes
mellitus, who was initially allocated to nonoperative treat-
ment and later underwent surgery, a deep infection devel-
oped after surgery. This patient underwent d�ebridement and
lavage and received oral antibiotics for 6 weeks. In 1 type V
patient treated operatively, a frozen shoulder developed after
the surgical procedure, which was addressed at the time of
planned hook plate removal. In 2 type V patients allocated to
surgery, complete redislocation occurred after removal of the
hook plate, after almost 3 months in 1 patient and after 9
months in the other patient. Both patients underwent reop-
eration after completion of the study, with the Weaver-Dunn



Table IV Average Constant subscale scores, measuring clinical function, at different time points

Time point Rockwood type III Rockwood type V P value*

Nonoperative Operative Nonoperative Operative

Before injury
Pain 15.0 15.0 15.0 15.0 NA
ADL 19.9 19.9 19.9 19.8 .793
ROM 39.7 39.7 39.7 39.6 .932
Strength 14.6 15.6 16.0 15.0 .664
Total 89.2 90.2 90.5 89.4 .682

3 mo
Pain 14.2 12.0 14.1 13.2 .001y

ADL 16.9 11.4 16.9 12.9 <.001y

ROM 37.2 25.1 37.8 27.9 <.001y

Strength 11.8 8.6 15.3 9.9 <.001y

Total 80.2 57.1 84.1 64.0 <.001y

6 mo
Pain 13.1 14.3 14.5 13.7 .245
ADL 17.3 17.8 18.0 18.1 .704
ROM 38.1 37.9 39.2 38.8 .468
Strength 14.7 13.9 17.2 14.5 .054
Total 83.2 83.9 88.9 85.1 .158

12 mo
Pain 13.6 14.0 14.8 14.5 .302
ADL 18.1 18.5 18.3 18.7 .797
ROM 38.0 38.3 38.8 38.8 .649
Strength 16.0 15.9 18.7 17.5 .134
Total 85.7 86.6 90.6 89.6 .188

24 mo
Pain 13.4 14.7 13.5 14.5 .161
ADL 18.5 19.1 18.5 19.3 .294
ROM 38.7 39.1 38.7 37.9 .668
Strength 17.6 18.3 19.4 18.2 .520
Total 88.1 91.1 90.0 91.0 .477

NA, not applicable; ADL, activities of daily living; ROM, range of motion.

The Constant score ranges from 0 to 100, in which 100 is the best possible result. The subscale scores range from 0 to 15 for pain, from 0 to 20 for ADL,

from 0 to 40 for ROM, and from 0 to 25 for strength.
* One-way analysis of variance.
y Significant difference between nonoperative and operative patients (Tukey honestly significant difference test).

Table V Average Subjective Shoulder Values at different time points

Time point Rockwood type III Rockwood type V P value*

Nonoperative Operative Nonoperative Operative

Before injury 96.0 (7.0) 99.5 (1.5) 97.8 (4.5) 99.3 (2.5) .008y

Baseline 35.3 (19.6) 25.5 (16.7) 38.3 (21.4) 25.5 (14.9) .010y

3 mo 72.5 (17.7) 50.2 (19.5) 72.9 (19.8) 57.1 (18.7) <.001y

6 mo 76.7 (17.5) 79.6 (14.4) 81.8 (15.9) 77.0 (20.1) .632
12 mo 79.7 (18.9) 85.5 (16.3) 84.7 (18.3) 86.2 (11.2) .396
24 mo 83.0 (19.7) 86.4 (11.5) 84.0 (18.5) 86.1 (13.3) .815

The Subjective Shoulder Value ranges from 0 to 100, in which 100 is the best possible result. Standard deviations are shown in parentheses.
* One-way analysis of variance.
y Significant difference between nonoperative and operative patients (Tukey honestly significant difference test).
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Table VI Average QuickDASH scores at different time points

Time point Rockwood type III Rockwood type V P value*

Nonoperative Operative Nonoperative Operative

Baseline 49.2 (17.9) 59.8 (19.6) 46.2 (18.6) 59.0 (18.8) .009y

3 mo 18.1 (13.9) 34.4 (14.5) 13.2 (11.3) 31.8 (18.0) <.001y

6 mo 14.7 (17.2) 11.0 (12.5) 8.1 (10.5) 12.0 (16.6) .375
12 mo 11.2 (15.9) 8.0 (12.2) 5.4 (9.1) 6.4 (9.2) .258
24 mo 10.5 (15.8) 5.7 (7.1) 8.0 (14.7) 6.2 (10.2) .424

QuickDASH, abbreviated version of Disabilities of the Arm, Shoulder and Hand questionnaire.

The QuickDASH score ranges from 0 to 100, in which 0 is the best score. Standard deviations are shown in parentheses.
* One-way analysis of variance.
y Significant difference between nonoperative and operative patients (Tukey honestly significant difference test).
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Figure 5 Average pain at rest measured with visual analog scale (0-10, in which 0 represents no pain) at different time points. One-way
analysis of variance was performed. )Significant difference (P ¼ .009) between nonoperative and operative patients (Tukey honestly
significant difference test).
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Figure 6 Average pain during movement measured with visual analog scale (0-10, in which 0 represents no pain) at different time points.
One-way analysis of variance was performed. )Significant difference (P ¼ .016) between nonoperative and operative patients (Tukey
honestly significant difference test). #Significant difference (P ¼ .002) between nonoperative and operative patients (Tukey honestly
significant difference test).
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procedure modified as described by Shoji et al,55 but with a
lateral clavicle resection of <10 mm.9 There were no
reoperations resulting from intra-articular injuries and no
adverse events related to nonoperative treatment.
Discussion

This prospective randomized study showed that shoulder
function was well restored and patients were satisfied with
the result 2 years after injury, whether treated operatively
with a hook plate or treated nonoperatively. Thus, our
hypothesisdtype III and type V AC joint dislocations
would not benefit from surgery with a hook platedwas
confirmed.

Our results are in accordance with the findings of a recent
RCT by the Canadian Orthopaedic Trauma Society (COTS)
including patients with acute type III, IV, or V AC joint
dislocations, comparing hook plate treatment (n ¼ 43) with
nonoperative treatment (n ¼ 40).15 The study reported no
significant difference in the CS at 24 months in operatively
treated patients vs. nonoperatively treated patients: 94 vs. 91.
However, the authors did not differentiate between Rock-
wood types III, IV, and V when analyzing the outcomes.

Although the goal of surgery is restoration of the anat-
omy, our study could not find any differences in the clinical
outcome measured with the CS between patients with
radiological restoration and patients with recurrent
displacement. The degree of recurrent displacement,
measured as the increase in the CC distance, did not affect
the functional outcome at final follow-up, which is in
accordance with the results of previous studies.26,29,51,61
In orthopedics, surgery is often preferred to speed up
recovery; however, in this study, patients treated with sur-
gery had inferior function at 3 months according to the CS,
SSV, QuickDASH score, and pain scores at rest and during
movement, that is, a slower recovery. At that time, the
inferior function and pain scores at rest and during move-
ment might be due to the fact that patients in the opera-
tively treated groups were examined before removal of the
hook plate.

It has been reported that a hook plate can cause stiffness
and subacromial pain due to irritation from the hook.65

However, at 6 months, the CS was similar for operatively
and nonoperatively treated patients in our study.

The hook plate is a well-known, open, uncomplicated
surgical method. The disadvantage of its use is the need for
2 surgical procedures, and it has been associated with a
high rate of complications, such as limited early range of
motion,3,29 rotator cuff impingement,36 and subacromial
erosion.22,65 In the COTS study, the authors reported major
complications in both the operative (18%) and nonoperative
(5%) treatment groups.15 The number of complications
may be affected by the definition of complications. In our
study, there were 4 complications (3%) after surgical
treatment that could be considered majordnone related to
the hook plate technique.

Today, there are more modern alternatives to the hook
plate, based on arthroscopic or semi-arthroscopic tech-
niques.27,38,52 One advantage is the possibility to investigate
concomitant intra-articular injuries.30,43,44,50,60 However,
there were no reoperations owing to intra-articular injuries in
our study. Recent trials comparing hook plate surgery with
open or arthroscopic adjustable loop length suspensory
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fixation devices for acute AC joint dislocation of Rockwood
type III or type III-V have reported similar average CS values
for the hook plate-treated patients, to those in our study (mean
CS, 86-93).13,39,56,66,67

Patients treated nonoperatively in this study regained 96%
(type III) and 97% (typeV) of theCSof the uninjured shoulder
at 24 months, which is in accordance with the findings of a
study byRasmont et al49 examining nonoperative treatment of
type III AC joint dislocations, reporting a mean CS of 92.9 for
the injured shoulder (98% of the uninjured shoulder). How-
ever, Gstettner et al26 reported a mean CS of 80.7 for non-
operatively treated type III injuries (85% of the uninjured
shoulder). Shoulder functionmeasuredwith the CS in patients
with nonoperatively treated acute typeVAC joint dislocations
has, to our knowledge, not been addressed before. It is unclear
whether patients treated with a newer surgical method could
experience better shoulder function, given that the minimal
clinically important difference for the CS has been reported to
be 10-17 points.33,56

Mah and the COTS37 evaluated the general health of the
study population as previously described by the COTS.15

They demonstrated no significant difference in general
health according to the Short Form 36 (SF-36) score be-
tween the groups at 24 months. However, at 3 months, the
nonoperative patients scored better regarding physical
health but not regarding mental health. In our study, quality
of life was evaluated with the EQ-5D score. At 1 month, the
EQ-5D index was significantly better for nonoperatively
treated patients with type III and V injuries, but at all
subsequent follow-up assessments, there were no more
significant differences.

Even though patients, regardless of type and treatment,
were satisfied with the result, one argument in favor of
surgical treatment could have been cosmesis, especially in
patients with Rockwood type V injuries with a large degree
of malalignment. However, in our study and the studies by
the COTS,15 Calvo et al,14 and Joukainen et al,31 there were
no statistically significant differences in the ratings of pa-
tients when reporting on cosmesis at 2 years after operative
or nonoperative treatment.

Limitations and strengths

Similar to previous studies evaluating the treatment of acute
AC joint dislocation, our study included a small number of
patients, and there is a risk of a type II error. However, to
our knowledge, this is the largest RCT reporting on such
injuries. Eleven patients randomized to nonoperative
treatment underwent surgery during the study period. For
these patients, the last recorded value for the different
outcomes before surgery was used when we analyzed the
results according to intention to treat. These values were
lower than the expected values at 24 months and may have
negatively affected the results for the nonoperatively
treated group. There have been reports of varying intra-
observer and interobserver reliability for the Rockwood
classification, from fair to excellent,17,32,53 and the differ-
entiation of type III and type V injuries could affect the
results. However, classification of the injuries in this study
was performed by 2 shoulder surgeons independently. All 4
groups had very high functional scores at final follow-up. It
is therefore unlikely that the difficulty of classifying AC
joint injuries affected the final outcome. Another potential
limitation could be that the CS, SSV, and QuickDASH
score may not evaluate disabilities after AC joint injuries
sufficiently well, thus possibly obscuring significant clin-
ical differences between groups. Despite this limitation, our
study, with a 2-year follow-up rate of 95%, is to our
knowledge the first RCT evaluating nonoperative vs. oper-
ative treatment of acute Rockwood type III and type VAC
joint dislocations separately.
Conclusion
This study showed very good outcomes and patient
satisfaction for acute Rockwood type III and type V AC
joint dislocations regardless of treatment and does not
support routine surgery with a hook plate. However,
further studies are needed to define whether subgroups of
patients with specific pathologic conditions including
intra-articular injuries or severe type V dislocations, as
well as subgroups of patients with specific demands, such
as participation in overhead or contact sports, would
benefit from surgery. Further studies need to evaluate the
long-term outcomes after operative and nonoperative
treatment of type III and type V AC joint dislocations.
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