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Abstract The Neer type II distal clavicle fracture is
notorious for its high nonunion rate, and surgical treatment
is usually recommended. We reviewed articles from Jan-
uary 1990 to September 2009, and among them, 425 cases
from 21 studies were included. According to the 425 cases
in the literature, sixty patients were treated nonsurgically
and 365 surgically. From 365 patients who were treated
surgically, 105 were identified as receiving the coracocla-
vicular stabilization, 162 hook plate, 42 intramedullary
fixation, 16 interfragmentary fixation, and 40 K-wire plus
tension band wiring. The nonsurgical treatment resulted in
20 (33.3%) nonunions and 4 (6.7%) other complications.
The surgical treatment resulted in 6 (1.6%) nonunions, 81
(22.2%) complications other than nonunion. The nonunion
rate was significantly high with nonsurgical treatment (p <
0.001), and the complication rate was statistically high with
surgery (p = 0.002). With surgical treatment, the nonunion
rate was not significantly different among the modalities
(p = 0.391). The complication rate was significantly higher
in cases of the hook plate (40.7%) and the K-wire plus
tension band wiring (20.0%) than those of the coracocla-
vicular stabilization (4.8%), the intramedullary (2.4%) and
the interfragmentary fixation (6.3%). For the nonsurgical
treatment, the functional outcomes were generally accept-
able despite the high nonunion rate. The nonsurgical
treatment could be considered as the first line treatment
after sufficient counsel with the patient. The nonunion rate
is high, however, the functional outcome is acceptable in
most of the cases with nonunion. If the surgical treatment is
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considered, the intramedullary screw fixation, CC stabil-
ization and interfragmentary fixation would be preferred
because of their low complication rate.

Keywords Distal clavicle fracture - Nonunion -
Complication - Functional result

Introduction

The fractures of the clavicle reportedly represent 2.6% of
all fractures with an overall incidence of 64 out of 100,000
per year [1, 2]. Specifically, the distal clavicle fractures
account for approximately 10-15% of all clavicle fractures
[3, 4]. The distal clavicle fractures typically result from a
fall on an outstretched hand or a direct blow to the point of
the shoulder [5]. Neer’s classification is widely used to
classify such fractures that are mentioned above [6], and
these fractures are classified according to their relations to
the coracoclavicular ligaments. Fractures that are lateral to
the coracoclavicular ligaments are the Neer type I fractures
and they make up the majority of lateral clavicle fractures.
The Neer type II fractures are characterized by the
detachment of the coracoclavicular ligaments from the
medial segment [6, 7]. These can be subcategorized into
type IIA, in which the fractures occur medial to the cora-
coclavicular ligaments, and type 1IB, in which the fractures
occur more laterally with coracoclavicular ligaments dis-
rupted from the proximal section [6]. The Neer type III
fractures involve the articular surface of the acromiocla-
vicular joint.

The Neer type I fractures are stable, and they generally
require no operation. For the Neer type III fractures, sur-
gical intervention is usually not required in the acute
condition. However, these may lead to acromioclavicular
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arthrosis or osteolysis, requiring late resection of the
clavicular end [4]. The Neer type II fractures have received
a clinical concern because of the high nonunion rate in
nonsurgical treatment that have been observed (>30%)
since Neer’s original report. Therefore, operations have
been generally required for managing the type II injuries
[6, 8-19].

A variety of surgical treatments have been previously
reported. As the distal clavicle fracture is relatively rare,
many studies about distal clavicle fractures have an
insufficient number of cases and lack of control groups.
Hence, it is difficult to conclude which treatment modality
is most suitable for the type II injury. In addition, there is
neither systematic review nor meta-analysis on distal
clavicle fractures in the literature. Therefore, the current
study was designed to systematically summarize and
compare the results of different treatment options [nonop-
erative method, coracoclavicular (CC) stabilization, hook
plate, intramedullary fixation, interfragmentary fixation,
and K-wire plus tension band wiring (TBW)] in the man-
agement of the distal clavicle fractures, especially for the
Neer type II fractures. The purposes of this systematic
review were to (1) identify the nonunion and other com-
plication rate according to the treatment methods that had
been employed, (2) observe the functional outcomes, and
(3) determine which treatment modality is most suitable for
the Neer type II distal clavicle fracture.

Materials and methods
Eligibility criteria

The literature review was done on the reports that deal with
the distal clavicle fracture. The selected studies presented
in this article are found through Cochrane database and
Pubmed search. The keywords used for the selection were
“distal* AND clavic* AND fracture*” or “lateral* AND
clavic* AND fracture*.” The search included the articles
that had been published in between January 1990 and
September 2009 and written in English. The review of the
bibliographies of identified articles was also done to find
the omitted studies in the database. Open fractures,
obstetric fractures, and mid-shaft and medial clavicle
fractures were not included in this study. Among the can-
didates of 37 studies, we excluded the studies with chronic
nonunion cases [5, 20], distal clavicle fracture other than
the Neer type II fractures [5, 21], and skeletally immature
patients (ages under 18) [12, 20, 22-29]. We also excluded
the studies that dealt with performance of two or more
different surgical modalities simultaneously among CC
stabilization, hook plate, intramedullary fixation, inter-
fragmentary fixation and K-wire plus TBW (e.g. CC
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stabilization and interfragmentary fixation, or CC stabil-
ization and intramedullary fixation) [12, 28-33]. However,
for the studies with an individual data, we extracted the
patients’ data that met our inclusion criteria into our study
[9, 34-39]. In the end, 21 studies were included in our
review.

Available evidence

1. One nonrandomized, retrospective, cohort study that
compares nonsurgical treatment and CC stabilization
with nonabsorbable braided suture [18] (EBM-level 3
therapy).

2. One nonrandomized, retrospective, cohort study that
compares nonsurgical treatment and surgical treat-
ment: CC stabilization and K-wire [9] (EBM-level 3
therapy).

3. One nonrandomized, retrospective, cohort study that
compares hook plate, and K-wire plus TBW [40]
(EBM-level 3 therapy).

4. Fighteen case series presenting the results of either
nonsurgical [19, 37], CC stabilization [34, 35, 41-44],
Hook plate [38, 45-48], intramedullary [49, 50],
interfragmentary [39, 51] and K-wire plus TBW [36]
(EBM-level 4 therapy).

Data abstraction

The following data was extracted from each identified
article: the study type, the level of evidence, the type of
treatment, the nonunion rates, other complication rates and
functional scores. We categorized the surgical treatment
into five types based on the fixation mechanism: CC
stabilization, hook plate fixation, intramedullary fixation,
interfragmentary fixation, and K-wire plus TBW. The CC
stabilization includes all the cases of fixation of the CC
interval with a CC screw, suturing with a PDS, a Dacron
graft, a mersilene tape, an ethibond, or a suture anchor. The
Hook plate fixation is a mechanism specifically designed to
hold medial clavicle fragment and acromion (e.g. Wolter
plate, AO hook plate, and clavicle hook plate). The Intra-
medullary fixation includes fixation with an extra-articular
or a transarticular screw. The interfragmentary fixation
includes an open reduction and internal fixation with a
plate except a hook plate or an interfragmentary suture with
an ethibond, a PDS, a dacron or a wire. Because the fixa-
tion mechanism of a hook plate is different from that of an
interfragmentary fixation with the other plates, we analyzed
the hook plate separately from the interfragmentary fixa-
tion with other plates. We also separated the K-wire fixa-
tion which concept is classical and unique as a different
method.
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Data analysis

The nonunions were analyzed separately from other com-
plications. Further treatment of the nonunion was also
considered in the study. The complications included
infection, fractures, and hardware-related problems. Spe-
cific complications in each treatment modality were listed
and interpreted. Functional results were compared when
functional evaluations were available in each study. All the
information gathered in this study was recorded and ana-
lyzed by SPSS software package (version 12.0, SPSS Inc.,
Chicago, IL).

Results

A total number of 425 adult Neer type II distal clavicle frac-
tures were identified. There were 290 men and 135 women,
and the age range was from 18 to 84 years at the time of the
trauma. Sixty cases (14.1%) were treated nonsurgically. The
CC stabilization was performed in 105 cases (24.7%), hook
plate fixation in 162 cases (38.1%), intramedullary fixation in
42 cases (9.9%), interfragmentary fixation in 16 cases (3.8%),
and K-wire plus TBW in 40 cases (9.4%).

Overall, there were 26 (6.1%) nonunions, 85 (20%)
complications other than nonunion (Table 1). In 60 non-
surgical cases, there were 20 (33.3%) nonunions and 4
(6.7%) other complications. In 365 surgical cases, there
were 6 (1.6%) nonunions and 81 (22.2%) other complica-
tions (Tables 2 and 3). The nonunion rate was significantly
higher in the nonsurgical group, and the other complication
rate was higher in the surgical group (p < 0.001 and p =
0.002, Tables 2 and 3). The type of the complications were
various according to the treatment modalities (Table 4).

In the surgical treatment group, the nonunion rates were not
significantly different among the modalities (p = 0.391).
However, the complications other than nonunion were sig-
nificantly higher in the hook plate fixation (40.7%) and the
K-wire plus tension band wiring (20.0%) than those of the
coracoclavicular stabilization (4.8%), intramedullary (2.4%)

Table 1 Nonunion, and complication rates according to the treat-
ment modalities

Nonunion Complication
Nonsurgical (N = 60) 20 (33.3%) 4 (6.7%)
CC stabilization (N = 105) 1 (1.0%) 5 (4.8%)
Hook plate (N = 162) 3 (1.9%) 66 (40.7%)
Intramedullary (N = 42) 0 (0%) 1 (2.4%)
Interfragmentary (N = 16) 0 (0%) 1 (6.3%)
K-wire + TBW (N = 40) 2 (5.0%) 8 (20.0%)
Total (N = 425) 26 (6.1%) 85 (20%)

Table 2 Nonunion rate between nonsurgical and surgical treatment

Nonunion Union Total
Nonsurgical 20 (33.3%) 40 (66.7%) 60
Surgical 6 (1.6%) 359 (98.4%) 365
Total 26 (6.1%) 399 (93.9%) 425
Chi square test p < 0.001
Table 3 Complication rate between nonsurgical and surgical
treatment
Complication (+) Complication (—) Total
Nonsurgical 4 (6.7%) 56 (93.3%) 60
Surgical 81 (22.2%) 284 (77.2%) 365
Total 85 (20%) 340 (80%) 425
Chi square test p = 0.002
Table 4 List of the complications according to the treatment
Type No of cases
Nonsurgical
Stiffness 2
Impingement
Callus hypertrophy 1
CC stabilization
Screw back-out 4
Infection
Hook plate
Impingement in motion 30
Plate migration 15
Acromion hole widening 7
Pain 4
Infection 2
Hypertrophic scar 2
Acromial fracture 1
Rotator cuff tear 1
Disengage from the clavicle 1
Unhooked from the acromion 1
Clavicle fracture 1
Wound breakdown 1
Intramedullary
Acromioclavicular arthrosis 1
Interfragmentary
Infection 1
K-wire + TBW
Infection 3
Partial loss of reduction 3
Acromioclavicular arthrosis 1
Broken wire 1
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and interfragmentary fixation (6.3%, Fig. 1). That is, the hook
plate had a significantly higher complication rate than the rest
of the four modalities (all p < 0.017), and the K-wire plus
TBW had a higher complication rate than the intramedullary
fixation (p = 0.013) and the CC stabilization (p < 0.001), but
not significantly higher than the interfragmentary fixation
(p = 0.421). However, 4 cases which are CC ossification in
CC stabilization [35, 41], 35 cases of the acromial hole
migration and some migration of hook plate [38, 45] and 17
symptomatic hardware in hook plate fixation were not con-
sidered as complications [40], because the authors of the
studies did not consider them as complications in their articles.
The ossification of CC space did not affect the functional
outcome in most of the cases. Therefore it was considered as a
sound phenomenon after the CC stabilization (Appendix).
Since not all studies reported the functional outcome
scores of the distal clavicle fractures and they used different
functional evaluation instruments, it was difficult to analyze
and compare the function between the different treatment
modalities. Available evidences was one case control study
that dealt with nonsurgical group (nonsurgical vs. CC sta-
bilization) reported no significant difference among the
University of California at Los Angeles Shoulder Rating
Scale (UCLA score), Constant score, and American Shoul-
der and Elbow Surgeons (ASES) scores despite the high rate
of nonunion, and suggested that the nonsurgical treatment of

B intramedullary (1/42) K-wire (8/40)

B CC stabilization (5/105) M Hook plate (66/162)

B interfragmentary (1/16)
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Fig. 1 Graph of complication rate according to the surgical modal-

ities ¥ Statistically not significant, i Statistically significant, except
between interfragmentary and K-wire, " and * Statistically significant
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distal clavicle fracture could be an option [18]. They even
separately analyzed 7 nonunion patients who had the mean
scores of 31.1 in UCLA, 94.8 in Constant, and 89.9 in ASES
score, and which were comparable to the scores in the union
cases. The high incidence of nonunion does not preclude a
clinical outcome comparable to that achieved by the surgical
treatment. Other two case series of the nonsurgical treatment
also reported the good clinical outcome and claimed that the
conservative treatment is a good option [19, 37]. Among four
studies dealt with nonsurgical treatment, only one case
control study (nonsurgical vs. CC stabilization and K-wire)
criticized the nonsurgical treatment because of the high
nonunion rate [9]. However, even in this study, further sur-
gical management, that is distal clavicle resection, was done
to one case among five nonunions.

Among 20 nonunion cases in the nonsurgical treatment,
five had mild-to-moderate pain and only one had secondary
surgical procedure (distal clavicle resection). In six non-
union cases in the surgical treatment group, not all but two
underwent secondary surgical procedure (revision and
distal clavicle resection).

All case series of the surgical treatment advocated that
their method yielded a satisfactory outcome in terms of the
union rate and functional score. However, one study sup-
ported the hook plate fixation over the K-wire plus TBW
because of its low complication rate [40].

Discussion

In this systematic review, the authors intended to identify the
union and the complication rate according to the treatment
methods and to determine which treatment modality is better
suited for the Neer type II distal clavicle fracture. However,
many studies that dealt with the distal clavicle fracture had
some problems. The distal clavicle fracture is a relatively
rare injury. Therefore, the sample size was small in most of
the reports. The smallest sample only dealt with five cases.
The available literature included only three nonrandomized
retrospective case control studies [9, 18, 40]. The majority of
all identified studies was retrospective case series, had no
control group, and did not use any randomization even
though a control group was included. The results should
therefore be interpreted with caution, as the validity of the
observational studies is limited by the lack of a control group
(case series), imbalances between the comparison groups
because of the lack of randomization (retrospective case
control studies), and potentially biased assessment of out-
come measures due to the lack of blinding.

Main reason for the exclusion of the studies was that those
include skeletally immature patients and different types
other than the type II. We tried to include a study when it
presented the individual data. However, if it did not, we had
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to discard the candidate studies. We set the age limit to 18.
The lateral physis continues to proliferate until 18 to
19 years of age and thick periosteum around distal clavicle
and acromion forms a protective tube around the bony
structures in children. Therefore, distal clavicle fracture of
skeletally immature patient surely behaves differently. In
addition, we also excluded studies that used two or more
different fixation mechanisms simultaneously. We intended
to figure out the nonunion and complication rate of the
treatment modalities by each mechanism of a fixation.
However, since the K-wire plus TBW is a traditional way of
fixing fractures and its complication rate is known to be high
when it is used around the shoulder region [23, 26], we
included and analyzed it separately.

In the present systematic review, the nonsurgical treat-
ment of the Neer type II distal clavicle fracture resulted in a
high nonunion rate (33.3%), which is similar to that in the
Neer’s study [9, 18, 19, 37]. However, despite the high
nonunion rate, the nonsurgical group had no significant dif-
ference in the functional scores compared to the surgically
treated group in most of the studies [18, 19, 37]. Moreover,
the complication rate in the nonsurgical group was statisti-
cally low compared to the surgical group. As mentioned in
the Result section, some studies did not consider some
additional findings as complications, that is 4 cases of CC
ossification in CC stabilization [35, 41], 35 cases of the
acromial hole migration and some migration of hook plate
[38, 45] and 17 symptomatic hardware-related problems in
hook plate fixation [40]. These ossifications of CC space did
not affect the functional outcome and hardware-related
problems in hook plate were resolved after removal.
Therefore if we consider these cases as a complication, the
complication rate would be much higher in surgically treated
group, especially hook plate.

Consequently, this systematic review suggests that the
distal clavicle fracture could be treated nonsurgically. In that
case, there should be sufficient counsel between the clinician
and patient about high nonunion rate and cosmetic problem
after nonunion, especially in younger population. However,
the functional outcome after nonsurgical treatment remains
controversial between studies, therefore a well-organized
and randomized clinical trial is needed to resolve this issue.

In the surgical treatment, the nonunion rates were not
statistically significant among the methods. However, the
complication rates were unacceptably higher in the hook
plate fixation and the K-wire plus TBW than those in other
surgical modalities. The intramedullary fixation with screw,
the CC stabilization and the interfragmentary fixation were
clinically acceptable in terms of nonunion and complication
rate. Moreover, most of the authors who used the hook plate
recommended the removal of the plates as soon as the bony
union was achieved to prevent acromial osteolysis and
impingement [40, 45-48, 52]. Nevertheless, reported

functional outcomes were satisfactory, regardless of what
kind of evaluation method used, in all surgical modalities
including the hook plate and K-wire. All case series con-
cluded that their surgical methods were acceptable and
suitable for treating the Neer type II distal clavicle fracture.

There are some limitations to the present study. First, we
subjectively categorized the surgical treatment into five
types: CC stabilization, hook plate, intramedullary fixation,
interfragmentary fixation and K-wire plus TBW. This was
based on the theoretical similarity among the fixation
mechanism, however, not everyone may agree with such
categorization. Second, among the type II fractures of
distal clavicle, there was no certainty whether the type II
was purely a type IIB or it included the type IIA. This
presented a problem, since the type IIA is not totally dis-
tinguishable from the mid-clavicular fracture. Moreover,
most of the studies did not subclassified the type II (A and
B), even though the difference of prognosis between the
two subtypes was not verified until now. Lastly, as
described in the Result section, not all the studies reported
the functional outcomes of their series, and they also uti-
lized different functional evaluation instruments. Until
now, there is no universally accepted scoring instrument,
thus it was difficult to analyze and compare the functional
outcomes between the studies.

Conclusion

We suggest that the distal clavicle fracture should be
treated individually after sufficient discussion with the
patients. Based on the current results, we could conclude
that there is no clear evidence, but nonsurgical treatment
could be considered as the first line treatment. The non-
union rate is high as alleged, however, the functional out-
come including pain is acceptable in most of the cases with
nonunion. If the surgical treatment is considered, intra-
medullary screw fixation, CC stabilization and interfrag-
mentary fixation would be preferred due to their low
complication rate. On the contrary, K-wire plus TBW
should not be considered and hook plate also should not be
preferred due to their high complication rate.

Future studies should be based on an adequate sample
size which allows a meaningful interpretation of the results
and there should be a prospective and randomized multi-
center study to compare the different treatment methods.

Conflict of interest There is no conflict of interest among the
authors.

Appendix

See Table 5.
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Remarks

Complication

Management
to nonunion

Nonunion

Evaluation

Duration of
follow-up

Age
o)

Female

Male :

(adjusted No)

No of
patients

Study design
(objectives)

Table 5 continued

Study

@ Springer

17.5 month (9-30) Constant: 90.2 0

43.9 (23-72)

7

10 (9)

Case series

Badhe

(81-100)

(interfragmentary:
tension band
suturing)

et al. [51]

1 infection

Constant: 95.5 0

13.6 month

31.0 (2041)

9(7)

Case series

Kalamaras

(83-100)

(10-16 month)

(interfragmentary:

locking

et al. [39]

T-plate)
Case series

1 acromioclavicular

arthrosis

Distal clavicle

1

Not available Time to union:

34.3 (22-58)

05

6

12 (11)

Kao

resection

422 m

(K-wire

et al. [36]

(3-6 m)
Full ROM

plus TBW)

without

tenderness
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