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Abstract
Purpose Arthroscopic lateral clavicle resection (LCR) is in-
creasingly used, compared to an open approach, but literature
does not clearly indicate which approach is preferable. The
goal of this study was to compare function and pain between
patients who underwent lateral clavicle resection using an
open approach and patients treated using an arthroscopic
approach.
Methods Patients who underwent LCR between January 2008
and December 2011 were reviewed. After exclusion, 149
shoulders (143 patients) were eligible for analysis: 41 open
and 108 arthroscopic. Disabilities of arm, shoulder and hand
(DASH) questionnaire and visual analogue scale (VAS) score
were used to assess shoulder function and pain. Complica-
tions, operative time, length of hospitalization and resection
distance were compared.
Results At a mean follow-up of three years, patients in the
open group had significantly less pain byVAS (mm) (Mdn 10,
IQR 23) compared with arthroscopic patients (Mdn 20, IQR
50) (p =0.036). Operative time (minutes) was significantly
less for the open approach (Mdn 24.0, IQR 12) compared
with arthroscopic (Mdn 38.0, IQR 15) (p <0.001). Resection
distance (mm) was larger for the open approach (Mdn 7.1,
IQR 7.0) compared with the arthroscopic approach (Mdn 3.2,

IQR 3.1) (p =0.006), but was not associatedwith outcome. No
significant differences were found for DASH score, compli-
cation rate or length of hospitalization.
Conclusions Both arthroscopic and open approaches for LCR
provide excellent outcome in patients with acromioclavicular
pain. Less residual pain was found for the open approach,
which has shorter operating time and is likely more cost
effective.
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Introduction

Lateral clavicle resection (LCR) is a generally accepted and
effective surgical procedure, predominantly performed for
symptomatic acromioclavicular (AC) osteoarthritis, but also
for osteolysis and symptomatic posttraumatic changes of the
acromioclavicular joint (ACJ) [1]. Over the last decade a
transition has occurred from the use of an open to an arthro-
scopic approach [2]. This transition may partly be explained
by the likeliness of acromioclavicular instability after open
resection due to excessive resection of the clavicle or capsular
damage [3, 4]. Besides, a trend towards using minimal inva-
sive surgery is seen in general [2].

So far, few studies on patient-related outcomes comparing
these approaches have been published, all showing excellent
results in function and pain for both approaches [5–9]. Al-
though one study found a better pain score outcome in favour
of an arthroscopic approach [8], no relevant differences were
found in other studies [5–7, 9]. Thus, a preferable approach
based on patient-related outcome measures can, so far, not be
determined [5–8]. When both surgical interventions prove to
have similar outcome, a future shift towards the least expen-
sive procedure can be expected, because in times of economic
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recession, budget cuts are demanded while quality of treat-
ment must be maintained.

The objective of the present study was to compare function
and pain of patients with acromioclavicular pain that
underwent lateral clavicle resection using an open approach
with patients treated using an arthroscopic approach. Second-
ary objectives were to compare operation time, duration of
hospitalization, occurrence of complications and resection
distance. We hypothesize that there is no difference in
patient-related outcome measures.

Patients and methods

Study design and study population

A retrospective cohort study was combined with a cross-
sectional questionnaire survey (level of evidence III). All
patients who underwent excision of the lateral clavicle for
acromioclavicular pain in the period January 2008 to Decem-
ber 2011 in our hospital were liable for inclusion. Exclusion
criteria were age under 18 years, previous surgery on the same
shoulder, preoperative diagnosis of glenohumeral osteoarthri-
tis and simultaneous adjuvant procedures other than caudal
acromioplasty during surgical intervention.

Procedure

The institution’s database was searched for patients who
underwent excision of the lateral clavicle using an open or
arthroscopic procedure between January 2008 and December
2011. The patient files were requested for retrospective anal-
ysis. Objective outcome variables available in the patient files
were extracted. All patients were informed about the proposed
study by letter and invited to participate. Instructions and
information about the study were included, along with a
questionnaire and reply envelope. If patients rejected partici-
pation, they were asked to return the blank questionnaire
along with the arguments for rejection. If no reply was re-
ceived or no arguments for rejection were included in the
reply, patients were contacted by telephone to identify the
reason for rejection.

Surgical procedure

In the open approach, an incision is made over the AC joint,
after which the deltopectoral fascia and anterior deltoid origin
are dissected and taken down. The dissection should be lim-
ited to that necessary to expose the bone for resection. The
superior AC joint ligament is incised and elevated
subperiosteally, so that continuity of its posterior half and
the posterior AC joint capsule are preserved, which are the
primary restraints to posterior subluxation at the ACJ [10–12].

Enough bone is removed so that the tip of an index finger can
be placed in the newly created AC space without impingement
on cross-arm abduction.

The indirect arthroscopic approach is performed using
posterior, anterior and midlateral portals. Caudal
acromioplasty is performed based on pre-operative clues of
impingement, intra-operative findings in the subacromial
space or the need to create space in order to visualize the
ACJ. A needle is placed into the joint from above to localize
the ACJ arthroscopically. Electrocautery is used to incise the
inferior capsule and to demarcate the distal clavicle from
anterior to posterior. Care is taken to avoid disturbance of
the superior ACJ capsule and ligaments. A burr is used to
shave the clavicle beginning inferiorly. The bone is resected
until the surgeon believes the appropriate amount is removed;
this is approximately half a centimeter, although the amount of
resection is not measured. By viewing from the other portals
the sufficient amount of resection is confirmed.

Dependent variables

Shoulder function was assessed using the disabilities of arm,
shoulder and hand (DASH) questionnaire, whichwas found to
be reliable and valid in Dutch [13]. Scores range from 0 to
100, and a higher score indicates greater disability. Pain in the
preceding week was assessed by visual analogue scale (VAS)
(0–100 mm, 0 being no pain, and 100 maximum pain). Sec-
ondary outcome measures were extracted from the patient
files: wound infection, postoperative bleeding, bony regrowth
in the operation site, acromioclavicular joint instability, post-
operative frozen shoulder, re-operation of the AC joint, length
of hospitalization and operative time. The AC distance on the
preoperative (anterior posterior) radiograph of the clavicle was
measured between the two closest visual bone structures of the
acromion and clavicle, in millimeters. Where available, post-
operative AC distance was also measured between the two
closest points to quantify the amount of resection. Measure-
ments weremade by two of the authors (ND and JK) on digital
preoperative radiographs of the ACJ, with the built-in mea-
surement tools of the institution’s radiography software (Agfa
IMPAX 6.0, Agfa-Gevaert, Belgium). Postoperative measure-
ments were made in a similar fashion. An interobserver reli-
ability analysis was not performed.

Independent variables

Age and sex of the subjects were available in the institution’s
database. Body mass index (BMI) at the time of the operation
was extracted from the patient files if available. If not, the
current BMI was used, obtained as part of the questionnaire.
For the occurrence of prior trauma, the period from initial
contact for the shoulder symptoms until the day of surgery
was screened for a mentioned trauma as noted by the attending
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orthopedic surgeon or resident. To determine the dominant
side, a question was included in the questionnaire. Any adju-
vant procedures were extracted from the operative report,
including cuff repair, biceps tendon tenodesis or tenolysis,
labral repair, removal of a corpus liberum and excision of a
tendon calcification in the arthroscopic group. In the open
group adjuvant procedures included diagnostic arthroscopy
and rotator cuff repair. Caudal acromioplasty as an adjuvant
procedure was included in all groups. The confounding effect
of concomitant pathology was minimized by excluding all
other adjuvant surgical procedures.

Statistical analysis

Age, BMI, length of hospitalization, operation time, follow-up
period, VAS score and DASH score were checked for normal-
ity by exploring z-values for skewness and kurtosis, histo-
grams, Q-Q plots, box plots and the results of the
Kolmogorov-Smirnov test for the open and arthroscopic
groups separately. For normally distributed variables mean
and standard deviation (SD) were determined, while for not
normally distributed variables median and interquartile range
(IQR) were determined. The variables that were not normally
distributed were log-transformed. If they appeared normally
distributed after transformation, further parametric analyses
were performed using the log-transformed values. For the
variables that were not normally distributed after transforma-
tion, further analysis was performed using a non-parametric
test. Age and follow-up period appeared normally distributed;
BMI, operative time and pre- and postoperative AC distance
appeared so after being log-transformed. Non-parametric tests
were necessary for DASH score, VAS score, length of hospital-
ization and resection distance. Chi-square tests were performed
for dichotomous and categorical variables as the occurrence of
complications and re-operation of the acromioclavicular joint.
Statistical analyses were performed with IBM SPSS Statistics
20.0 (IBM Corporation, Armonk, NY, USA) and p<0.05 was
accepted as being significant.

Results

In the three-year period, 318 patients were eligible for inclu-
sion. After exclusion, 143 patients remained, totalling 149
shoulders in the group (Fig. 1). Non-response analysis showed
no significant differences in gender, age, BMI and the occur-
rence of preoperative trauma between the patients that did and
did not respond.

Overall, the mean follow-up was 2.8 (SD 1.0) years for the
arthroscopic group and 3.6 (SD 1.0) years in the open group
and was significantly different (p <0.001). Patient char-
acteristics were comparable between the two approaches
(Table 1).

When looking at the primary outcome variables, no signif-
icant differences in DASH score were observed. VAS score at
final follow-up was significantly higher for the arthroscopic
group (20 mm, compared to 10 mm in the open group). With
respect to the secondary outcome variables, length of resec-
tion was larger (7.1 mm compared to 3.2 mm) and operative
time was less (24 compared to 38 minutes) for the open
approach. The percentage of caudal acromioplasties per-
formed was significantly higher in the arthroscopically treated
group (93.5 %, versus 24.4 % in the open group, p <0.001).
The number of complications and length of hospitalization
were not significantly different (Table 2).

Interpretation

The aim of this retrospective cohort study was to compare
shoulder function and residual pain after LCR using an ar-
throscopic approach and with LCR using an open approach.
The results indicate that residual pain at final follow-up is less
for patients who underwent LCR by an open approach. The
data also show that operation time is less and resection dis-
tance is larger for the open group.

Primary outcome variables

Shoulder function by means of DASH score was not different
between the two approaches. A significantly better VAS score
at final follow-up was found for the open group. To our
knowledge, this is the first comparative study in which the
open approach scores are slightly better then the arthroscopic
approach, thus a critical evaluation is needed.

In 2010, after reviewing 17 studies, Pensak et al. [9] con-
cluded that both approaches are safe and beneficial for the
treatment of recurrent AC pain, but the arthroscopic approach
was associated with higher success rate than the open ap-
proach, with a good or excellent outcome in 79 % for the
open approach (n =287) and 91 % for the arthroscopic ap-
proach (n =142). Four comparative studies were found in the
literature, which found no difference in shoulder function at
final follow-up between LCR by an open and arthroscopic
approach, although different questionnaires were used [5–8].
The data in the present study support these findings. For VAS
pain score, no difference was found in most studies [5–7].
Only one of these studies did correct for concomitant pathol-
ogy; with the exclusion of adjuvant procedures, Robertson
et al. [8] found a lower VAS score for the arthroscopic group,
in contrast with the results of the present study. However, they
did not perform analyses for a correlation between resection
length and residual pain. Length of resection might present a
direction for explaining these findings. In the methods, a
resection of approximately half a centimeter was described.
In the present study, bone removal was significantly less in the
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arthroscopic group in comparison to the open group, with
medians of 3.2 mm and 7.1 mm, respectively. It can be argued
that more resection results in less bony contact or pressure and
thus less pain. On the other hand, too much resection might
damage the capsule, increasing the risk of acromioclavicular

instability and accompanying symptoms. In one study, a re-
section length greater than 10 mm was found to be associated
with more postoperative pain [14] and another study recom-
mended a resection not larger than 10 mm to preserve
acromioclavicular stability [15]. Although in the present study
perceived pain was significantly less and resection distance
was significantly larger for the open approach, no significant
association was found between pain and resection distance in
additional regression analyses. Postoperative radiography was
not a standard procedure, therefore the measured distances
might represent a relatively small sample, in which there were
residual shoulder complaints, demanding additional imaging.
Because of this, results cannot be generalized.

Additionally, the optimal length of resection is subject to
discussion. A 5-mm distal clavicle resection was found to be
sufficient for eliminating bony contact, and even a resection of
2.5–5.0 mm could be adequate, if care is taken to excise a
greater depth of bone in the inferior-posterior quadrant [16].
Flatow et al. [6] compared removal in the open and arthro-
scopic approach, and measured 18 and 17 mm, respectively.

Fig. 1 Patient selection

Table 1 Patient characteristics for both approaches

Characteristic Arthroscopic
approach

Open
approach

p-value

Total (n) 108 41

Male 40 (37.0 %) 15 (36.6 %) 0.959

Dominant side 55 (50.9 %) 22 (53.7 %) 0.766

Smoker 29 (27.1 %) 13 (32.5 %) 0.519

Preoperative trauma 15 (13.9 %) 5 (12.2 %) 0.857

Age (mean and SD) 53.8 (9.8) 53.1 (9.2) 0.694

BMI (median and IQR) 25.0 (5.0) 26.0 (6.0) 0.443

SD standard deviation, BMI body mass index, IQR interquartile range
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The large difference in bone removal compared to the present
study may be partly explained by the year in which the study
was performed (1992)—older reports recommend a minimum
resection of 2 cm [17–19], whereas newer studies show that
even resections of 5 mm can still impair joint stability [4, 10,
12, 20]. Several studies show an equal amount of resection
between the approaches, but it might be harder to estimate the
resected amount in arthroscopy [5, 8, 14].

Secondary outcome variables

The occurrence of complications was not significantly differ-
ent between the approaches (10.2 % and 7.3 % for the arthro-
scopic and open approaches, respectively). Few studies have
compared complications between both approaches and differ-
ent complications have been mentioned [5, 6, 8, 14, 17]. In
general, both approaches give few complications, with surgi-
cal site infection (SSI) rates of 0.0–4.3 %, and stiffness of the
shoulder in 0–33 % of the patients [3]. Our SSI rate was 2 %
and prevalence of frozen shoulder was 6,7 %, which are
average compared to other studies. The larger proportion of
patients with postoperative frozen shoulder in the arthroscopy
group might be related to the intra-articular procedure or the
longer operative time, although this finding was not significant.

When differences in patient-related outcomes between ap-
proaches are negligible, costs of operation and rehabilitation
can be considered. Operative time was significantly less for
the open procedure, mainly because of the absence of a

diagnostic arthroscopy in the open group and the difference
in additional acromioplasty. Nonetheless, we also believe the
open approach is faster. The study by Robertson et al. [8], in
which all patients in the open group had a diagnostic arthros-
copy at the time of LCR, found no differences in operation
time. To our knowledge, no other studies have compared
operation time, length of hospitalization or direct costs be-
tween open and arthroscopic LCR. Despite the little amount of
data available, it appears that the open approach is more or less
equal to the arthroscopic approach, except for operative time
for this group of patients. When comparing the surgical costs
of the two approaches, the longer operative time and extra
disposable equipment cause an estimated two- to threefold
higher amount of total costs for the arthroscopic approach, e.g.
in our hospital, costs were 990 versus 390 euro for arthro-
scopic and open approaches, respectively (Table 3). Because

Table 2 Primary and secondary
outcome variables for both
approaches

DASH disabilities of arm, shoul-
der and hand questionnaire, IQR
interquartile range, VAS visual
analog scale

Characteristic Arthroscopic
approach

Open
approach

p-value

Total (n) 108 41

Adjuvant acromioplasty 101 (93.5 %) 10 (24.4 %) <0.001

Primary outcome variables

DASH score (median and IQR) 22.0 (41) 21.0 (33) 0.165

VAS (median and IQR) in mm 20 (50) 10 (23) 0.036

Secondary outcome variables

Complication 11 (10.2 %) 3 (7.3 %) 0.592

Frozen shoulder 9 (8.3 %) 1 (2.4 %) 0.199

Postoperative bleeding 1 (0.9 %) 0 (0.0 %) 0.536

Surgical site infection 1 (0.9 %) 2 (4.9 %) 0.127

Bony regrowth 0 (0.0 %) 0 (0.0 %)

Instability 0 (0.0 %) 0 (0.0 %)

Re-surgery 4 (3.7 %) 1 (2.4 %) 0.702

Preoperative distance
(with postoperative radiograph)
(median and IQR) in mm

1.7 (1.1) (n =41) 2.4 (2.0) (n =15) 0.092

Postoperative distance (median and IQR) in mm 5.4 (3.25) (n =41) 10.1 (5.30) (n =15) 0.001

Length of resection (median and IQR) in mm 3.2 (3.10) (n =41) 7.1 (7.00) (n =15) 0.006

Operative time (median and IQR) in minutes 38.0 (15) 24.0 (12) <0.001

Hospitalization (median and IQR) in days 1.00 (1.00) 2.00 (1.00) 0.270

Table 3 Costs in Euro of open and arthroscopic procedures in our hospital

Material Open Arthroscopic

Tray 108 117

Disposable arthroscopy materiala 426

Other materialb 41 63

Operative time (10/min) 244 386

Total 393 992

aDisposable cassette, burr, trocar, shaver blade, etc.
b Gloves, scalpel, needles, iodine, saline, adhesives, etc.
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complication rate and days of hospitalization were not differ-
ent between the groups, these were not taken into account. As
this study was not designed as a cost-effectiveness study,
presented costs are merely an indication.

Limitations and strengths

To our knowledge, this is the fifth study directly comparing
the open and arthroscopic approach for LCR.

The retrospective nature of the present study accounts for
some limitations. No randomization of patients was per-
formed, so surgeon diagnostics, preference or experience on
either technique may have played a role in determining the
approach. The procedures were carried out by eight experi-
enced orthopaedic surgeons. Four surgeons solely performed
open procedures while the other four performed both open and
arthroscopic ACJ resections. The reason for performing open
or arthroscopic resection was not mentioned in the patient files
and may have caused patient selection, although this is not
endorsed by differences in patient characteristics. The higher
amount of caudal acromioplasties performed in the arthro-
scopic group may have influenced the primary outcome var-
iables and operative time. Furthermore, no baseline DASH
score or VAS score were recorded, and patients were not seen
for physical examination at final follow-up. Because of this
lack in physical follow-up, we could not use a more shoulder
specific questionnaire such as the Constant score. Most indi-
cations for LCR were AC osteoarthritis, but there were four
patients with posttraumatic degeneration of the ACJ as well
(one in the arthroscopic group and three in the open group).
We did not correct for pre-operative indication. Furthermore,
it was impossible to correct for intra-operative findings in the
open group, because a diagnostic arthroscopy was not per-
formed in all cases.

Lastly, the follow-up period was longer for the open ap-
proach which may have biased postoperative VAS pain score
in favour of the open approach. However, it can be considered
unlikely that a difference in 0.8 years after a follow-up of
2.8 years for the arthroscopic group would have affected the
outcome in VAS pain score. Because of these limitations, care
must be taken in generalizing the results. Nonetheless, the
possible bias by concomitant pathology has been reasonably
minimized by excluding surgical interventions with adjuvant
procedures, creating a cohort as homogenous as possible.
Also, the sample size can be considered relatively large [7, 8].

Conclusion

In conclusion, this study adds to the negligible difference in
patient-related outcome measures between the open and ar-
throscopic approach for LCR. Pain was less at final follow-up
for the open approach group. Apart from shorter operating

time and greater length of resection for ACJ resection using
the open approach, secondary outcome variables showed no
differences between the groups.

For orthopaedic practice it seems that, for patients with no
expected additional pathology, using an open approach for AC
resection leads to good to excellent results but takes less
expensive equipment and operating time compared to an
arthroscopic approach. However, a careful evaluation of pos-
sible other pathologies, and, in those cases, considering an
arthroscopic approach or an adjuvant diagnostic arthroscopy
remains warranted. Future studies comparing the arthroscopic
and open approach for LCR should include cost-effectiveness
analyses and exploration of associations between resection
length and residual pain.
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