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Background: The best option for the treatment of Neer type IIB lateral clavicle fractures remains controversial. The aim of this
study was to compare outcomes and complications between pre-contoured locking plate osteosynthesis (PLPO) and coracoclavicu-
lar stabilization (CCS) using a TightRope for the treatment of type IIB fractures.

Methods: Forty-six consecutive type B fractures were treated with PLPO (17 cases) or CCS (29 cases). The mean follow-up period
was 33.7 months (range, 12—144 months). Radiographic outcomes were evaluated using serial plain radiographs. Clinical outcomes
were evaluated using the University of California, Los Angeles (UCLA) score, the American Shoulder and Elbow Surgeons (ASES)
score, and subjective shoulder value (SSV).

Results: Of the 46 cases, complete bony union within 6 months after surgery was achieved in 42 cases (91.3%). The union rate
was 100% (17/17) in the PLPO group and 86.2% (25/29) in the CCS group, showing a statistically significant difference (p = 0.043).
No significant differences in terms of UCLA score (32.8 vs. 32.1), ASES scare (93.2 vs. 90.8), or SSV (89.1% vs. 90.3%) were ob-
served between the PLPO and CCS groups. The complication rates were 17.6% (3/17; 2 cases of screw breakage and 1 case of
stiffness) in the PLPQ group and 37.9% (11/29; 4 cases of nonunion, 3 cases of stiffness, 2 cases of skin irritation, 1 case of super-
ficial infection, and 1 case of coracoid button migration) in the CCS group, showing no statistically significant difference (p > 0.05).
Four cases with nonunion after CCS did not require reoperation because they had good to excellent clinical outcomes without
radiographic progression.

Conclusions: Although a higher nonunion rate was observed in the CCS group compared with the PLPO group, satisfactory clini-
cal outcomes were obtained for both groups. Both techniques can be regarded as useful options for the treatment of Neer type I1B
lateral clavicle fractures.
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shaft fractures; however, treatment is often challenging.z)
Neer classification, which is based on the relationship of
the fracture line to the coracoclavicular (CC) ligament and
acromioclavicular (AC) joint, has been widely used in real
clinical practice.” Neer type II lateral clavicle fractures are
less stable than type I or III fractures with a higher non-
union rate; therefore, surgical treatment has traditionally

Lateral clavicle fractures account for 10% to 30% of all
clavicle fractures.” These fractures are less common than
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been recommended."** Type II fractures are subdivided
into type IIA and IIB; type IIA fractures arise from medial
to the CC ligament, while type IIB fractures arise from
more laterally with the CC ligament torn from the medial
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fragment.”

Surgical options for the treatment of unstable type IT
fractures include pre-contoured locking plate osteosynthe-
sis (PLPO), hook plate fixation, firm or flexible CC stabili-
zation (CCS), tension band wiring, or transacromial intra-
medullary fixation."** There is little controversy regarding
treatment of type IIA fractures with PLPO because the
lateral fragment is long enough to obtain stability.** How-
ever, the best option for the treatment of type IIB fractures
remains still controversial. It is not easy to achieve stable
fixation in type IIB fractures because the lateral fragment
is relatively small. Recent studies reported that CCS using
a suture button device or cerclages, PLPO, and hook plate
fixation are the latest options for surgical treatment of type
IIB fractures.” Several studies reported that hook plate
fixation can be a useful surgical option for achievement
of satisfactory clinical results, if the lateral fragment is too
small for insertion of screws.””*"*> However, a high com-
plication rate has been reported for hook plate fixation
and there is a drawback regarding the need for implant
removal within 6 months after surgery.*** Several authors
advocated that PLPO can be a reliable surgical option for
treatment of type IIB fractures because it facilitates bet-
ter stability of the small lateral fragment by multi-planar
locking screw fixation."'**** A major advantage of PLPO
over hook plate fixation is that neither the AC joint nor
the subacromial space is violated.**” Recently, based on
the concept that the CC ligament is a crucial structure
for fracture stability and the healing process in type IIB
fractures, several studies reported satisfactory clinical and
radiographic outcomes after CCS using a suture button
device for type IIB fractures.””""*'>*

To date, several comparative studies between these
surgical techniques for the treatment of unstable lateral
clavicle fractures have been reported.””****” However, no
comparative study between PLPO and CCS using a suture
button device for type IIB fractures has been reported.
The purpose of this study was to compare outcomes and
complications between PLPO and CCS using a TightRope
(Arthrex, Naples, FL, USA) for type IIB fractures. This
study was conducted to verify the hypothesis that satisfac-
tory clinical outcomes after surgery would be achieved in
both groups and the PLPO group would show superior
radiographic outcomes compared with the CCS group.

METHODS

The study was approved by Institutional Review Board of
Keimyung University Dongsan Hospital (IRB No. 2019-
05-055). Written informed consent was obtained.

Seventy-three consecutive cases with Neer type
IIB fractures between January 2010 and May 2018 were
reviewed retrospectively. Surgical treatment was adminis-
tered by the senior author (CHC) in all cases. The inclu-
sion criteria were as follows: (1) an adult patient (> 20
years of age), (2) a Neer type IIB fracture, and (3) a mini-
mum follow-up period of 12 months after surgery. The
exclusion criteria were as follows: (1) a history of shoulder
surgery, (2) previous shoulder problems (e.g., rotator cuff
tear, calcific tendinitis, osteoarthritis), or (3) incomplete
follow-up period. Out of the 73 patients, 27 patients were
excluded due to loss of follow-up (14 cases) and previous
shoulder problems (13 cases). Forty-six patients were fi-
nally included in this study. The mean age of the patients
was 53.0 years and there were 26 men and 20 women. The
mean follow-up period was 33.7 months (range, 12-144
months).

Pre-contoured Locking Plate Osteosynthesis

In the PLPO group, 17 cases (13 men and 4 women; mean
age of 52.3 years) were treated with a 3.5 mm LCP supe-
rior lateral clavicle plate (Acumed, Hillsboro, OR, USA).
The mean time from initial trauma to surgery was 5.5 days
(range, 1-18 days). A curved incision was made over the
lateral clavicle in the beach-chair position. Following ex-
posure of the fracture site, the fracture was reduced using
a reduction clamp or temporary Kirschner-wire (K-wire)
fixation across the AC joint. The plate was fixed, followed
by insertion of as many 2.3-mm lateral locking screws as
possible (Fig. 1). Additional cerclage wiring (5 cases) or K-
wire tension band technique (3 cases) was used depending
on the type of fracture. Wearing Kenny-Howard braces for
6 weeks after surgery, passive range of motion exercise was
initiated from 1 to 2 weeks after surgery and active ROM
exercise was allowed 6 weeks after surgery. The mean fol-
low-up period was 36.9 months (range, 12-139 months).

CCS Using A Suture Button Device

In the CCS group, 29 cases (16 women and 13 men;
mean age of 53.5 years) were treated with CCS using a
TightRope. The mean time from initial trauma to surgery
was 6.8 days (range, 1-17 days). A 5-6 cm longitudinal
incision was made from 1 cm medial to the AC joint to
the coracoid process in the beach-chair position. After
creating clavicular and coracoid tunnels, the fracture was
reduced using cerclage wiring or temporary K-wire fixa-
tion. A TightRope was then passed through the clavicular
and coracoid tunnels (Fig. 2). The fracture was reduced,
and the TightRope device was tightened and secured. In
oblique fractures, additional circumferential suture (No.
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Fig. 1. A 44-year-old man. (A) Plain radio-
graph at initial trauma showing a Neer
type |IB lateral clavicle fracture. (B) Plain
radiograph after surgery showing open
reduction and internal fixation using a pre-
contoured locking plate. Plain radiograph
at 6 months after surgery showing fracture
healing (C) and satisfactory function (D-F).

Fig. 2. A 73-year-old man. (A) Plain radio-
graph at initial trauma showing a Neer
type IIB lateral clavicle fracture. (B) Plain
radiograph after surgery showing open
reduction and coracoclavicular stabilization
using a TightRope. Plain radiograph at 6
months after surgery showing fracture
healing (C) and satisfactory function (D-F).

2 Ethibond; Ethicon, Somerville, NJ, USA) was placed for Outcome Assessment & Statistical Analysis

reduction and stability. The postoperative rehabilitation =~ Radiographic outcomes were evaluated using serial plain
protocol was the same as that used for the PLPO group.  radiographs including both clavicle anteroposterior and
The mean follow-up period was 31.8 months (range, 12-  oblique views and shoulder axial view. Clinical outcomes
144 months). were assessed using the University of California, Los An-
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geles (UCLA) score, the American Shoulder and Elbow
Surgeons (ASES) score, and subjective shoulder value
(SSV) at final follow-up evaluation. Complications were
also assessed.

Statistical analysis was performed using the IBM
SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA). In statisti-
cal analysis, the chi-square test and the independent ¢-test
were used for assessment of the association of variables
between the two groups. A paired t-test was performed for
analysis of the difference in CC distance at the immedi-
ate postoperative and final follow-up evaluations in each
group. The level of statistical significance was set at a p-
value of < 0.05.

RESULTS

No significant differences in baseline demographics were

observed between the two groups (p > 0.05), except that
the proportion of women was higher in the CCS groups
compared with the PLPO group (p = 0.032) (Table 1). On
preoperative radiographs, the average size of fracture frag-
ments of the lateral clavicle was 24.3 mm and 19.4 mm in
the PLPO and CCS groups, respectively; the average num-
ber of fragments at the fracture site was 1.2 and 1.0 in the
PLPO and CCS groups, respectively; differences were not
statistically significant (p > 0.05) (Table 2).

Of the 46 cases, complete bony union within 6
months after surgery was achieved in 42 cases (91.3%).
The union rate was 100% (17/17) in the PLPO group and
86.2% (25/29) in the CCS group, showing a statistically
significant difference (p = 0.043). No significant differ-
ences were observed between the mean CC distances of
the affected side measured at the immediate postoperative
and final follow-up evaluations in both groups (p > 0.05).

Table 1. Demographic Data

Variable PLPO group CCS group p-value
Age (yr) 52.3+17.6 535+ 147 0.813
Sex (male : female) 13:4 13:16 0.032*
Involved side (right : left) 5:12 11:18 0.568
[njury mechanism 0.847

Slip down : fall down : MVA : sports injury 9:0:7:1 14:1:13:1

Interval from initial trauma to surgery (day) 5548 6.8+4.4 0.361
Follow-up period (mo) 36.9+325 31.8+283 0.537

Values are presented as mean + standard deviation.

PLPO: pre-contoured locking plate osteosynthesis, CCS: coracoclavicular stabilization, MVA: motor vehicle accident.

Table 2. Comparison of Radiographic Outcomes between the Two Groups

Variable PLPO group CCS group p-value

Size of lateral fragment (mm) 243+38 19.4+42 0.176
Number of fragments 12+04 1.0£0.2 0.087
CC distance (mm)

Injured side at immediate postoperative 92+23 48+3.0

Injured side at final follow-up evaluation 93+27 57+26

p-value (immediate postoperative vs. final follow-up) 0.839 0.106
Union rate, % (n) 100 (17/17) 86.2 (25/29) 0.043*

Values are presented as mean + standard deviation unless otherwise indicated. ‘
PLPO: pre-contoured locking plate osteosynthesis, CCS: coracoclavicular stabilization, CC: coracoclavicular.
*Statistically significant difference.
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At the final follow-up evaluation, the mean UCLA
score, ASES score, and SSV were 32.8, 93.2, and 89.1%,
respectively, in the PLPO group, and 32.1, 90.8, and 90.3%,
respectively, in the CCS group (Table 3). According to the
grading of ASES score, the PLPO group included 14 excel-
lent and 3 fair and the CCS group included 22 excellent,
2 good, 1 fair, and 4 poor. No significant differences in
terms of UCLA score, ASES score, or SSV were observed
between the groups (p > 0.05).

In the PLPO group, complications occurred in 3
cases (17.6%) including 2 cases of lateral screw breakage
and 1 case of shoulder stiffness. In the CCS group, compli-
cations occurred in 11 cases (37.9%) including 4 cases of
nonunion, 3 cases of shoulder stiffness, 2 cases of skin ir-
ritation, 1 case of superficial infection, and 1 case of cora-
coid button migration (Table 4). No significant difference
in terms of complication rate was observed between the
groups (p > 0.05). Four cases with nonunion after CCS did

Table 3. Comparison of Clinical Outcomes between the Two Groups

not require reoperation because they had good to excellent
clinical outcomes without radiographic progression (Fig.
3). In the PLPO group, 14 patients underwent implant re-
moval after bony union because of a cosmetic problem or
patient’s request. In the CCS group, 4 patients underwent
removal of the clavicular button and suture knot because
of skin irritation (2 patients), superficial infection (1 pa-
tient), and patient’s request (1 patient).

DISCUSSION

To the best of our knowledge, this is the first study to com-
pare outcomes and complications between PLPO and CCS
using a suture button device for type IIB fractures. In the
current study, satisfactory clinical outcomes after surgery
were achieved in both groups; however, a high nonunion
rate was observed in the CCS group compared with the
PLPO group. Cases with nonunion had good to excellent

Variable PLPO group
UCLA score 328+29
ASES score 932+10.2

Excellent 14
Good 0
Fair 3
Poor 0
SSV (%) 89.1+11.8

CCS group p-value
321+52 0.614
90.8 +15.1 0.558

22

2

1

4
90.3+148 0.762

Values are presented as mean + standard deviation or number.

PLPQ: pre-contoured locking plate osteosynthesis, CCS: coracoclavicular stabilization, UCLA: University of California, Los Angeles, ASES: American

Shoulder and Elbow Surgeons, SSV: subjective shoulder value.

Table 4. Comparison of Postoperative Complications between the Two Groups

Variable PLPO group
Total complication, % (n) 17.6 (3/17)
Nonunion 0
Stiffness 1
Skin irritation 0
Screw breakage 2
Superficial infection 0
Coracoid button migration 0

CCS group
37.9(11/29)
4
3
2

p-value

0.133

PLPO: pre-contoured locking plate osteosynthesis, CCS: coracoclavicular stabilization.
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Fig. 3. A 72-year-old woman. (A) Plain ra-

clinical outcomes without requiring reoperation. These
results demonstrated that both techniques can be regarded
as useful options for the treatment of type IIB fractures.
Various surgical options have been introduced for
the treatment of unstable lateral clavicle fractures, includ-
ing PLPO, hook plate fixation, CCS (using suture anchor,
suture button device, cable, tape, or screw), tension band

wiring, and transacromial intramedullary fixation.”

However, the best option for the treatment of type IIB
fractures remains controversial because achievement of
stable fixation with relatively small lateral fragments is not
easy. To date, numerous studies have reported clinical and
radiographic outcomes after surgical treatment of unstable
type II fractures; however, outcome studies for only type
IIB fractures have rarely been reported. According to a
review of literature, CCS using a suture button device or
cerclages, PLPO, and hook plate fixation are the latest op-
tions for surgical treatment of type IIB fractures.”*” How-
ever, comparative outcome studies between these surgical
options for the treatment of type IIB fractures have rarely
been reported. Only 2 comparative studies between PLPO
and hook plate for the treatment of type IIB fractures have
been reported.”"”

A few studies reported that hook plate fixation for
type IIB fractures resulted in satisfactory clinical outcomes
after surgery, if the lateral fragment is too small for inser-

diograph at initial trauma showing a Neer
type IIB lateral clavicle fracture. (B) Plain
radiograph after surgery showing open
reduction and coracoclavicular stabilization
using a TightRope. (C) Plain radiograph at
4 years after surgery showing nonunion.
(D-F) Despite the presence of fracture
site nonunion, the clinical function was
satisfactory.

tion of screws.*'””"*” However, hook plate fixation has a
high complication rate of acromial osteolysis or fracture,
hook cutting-out, subacromial impingement, and rotator
cuff tears.*”* In addition, there is a drawback regarding
the requirement for implant removal within 6 months
after surgery.*”*” Zhang et al.”> compared outcomes of 66
cases with unstable lateral clavicle fractures who under-
went hook plate fixation and PLPO. Although there were
no significant differences regarding the clinical score and
union rate, a higher rate of complications (56% vs. 23.3%)
and a lower rate of return to work within 3 months (94.4%
vs. 73.3%) were observed in the hook plate group.” Erdle
et al.” reported a comparative analysis of the outcomes of
hook plate fixation (19 cases) and PLPO (13 cases) for type
IIB fractures. Although no significant differences regard-
ing the clinical scores were observed between the groups,
a higher overall complication rate was observed for hook
plate fixation (89%) compared to PLPO (38%).

To date, numerous surgeons have recommended
PLPO for treatment of unstable type II fractures with sat-
isfactory clinical outcomes and high union rates. However,
there are controversies with regard to type IIB fractures
because the lateral fragment is often too small for suf-
ficient placement of screws. Ying et al.*” reported that
only PLPO for type IIB fractures may provide insufficient
mechanical strength. On the other hand, several authors
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advocated that PLPO can be a reliable surgical option for
type IIB fractures because it facilitates better stability of the
small lateral fragment by multi-planar locking screw fixa-
tion.*"****> A major advantage of PLPO over hook plate
fixation is that neither the AC joint nor subacromial space
is violated."” Shin et al.' reported satisfactory clinical
outcomes and a high union rate with PLPO for 16 type
IIB fractures. They mentioned that stable fixation without
additional CCS could be achieved because 2.3-mm lateral
locking screws with diverging configuration maximize
purchase of small lateral fragment and increase pullout
resistance.'”

Based on the concept that the CC ligament is a
crucial structure for stability in type IIB fractures, recent
studies reported satisfactory clinical and radiographic
outcomes after CCS using a suture button device for this
type of fractures.””"""*'> Cho et al.” reported on outcomes
of 18 cases with type IIB fracturs treated with open CCS
using a TightRope and a mean ASES score of 88.6 with a
union rate of 94.4%. They emphasized that the primary
advantage of CCS using a suture button device is that im-
plant removal is not required. Loriaut et al.”” reported on
outcomes of 21 cases with type IIB fractures treated with
arthroscopy-assisted CCS using a TightRope. With satis-
factory clinical outcomes, bony union was obtained in all
patients (95%) except 1 who experienced nonunion with
implant failure. However, in the nonunion cases, there
were no symptoms at the final follow-up and reoperation
was not required. They mentioned that this technique
could provide satisfactory clinical outcomes while mini-
mizing the risk of complications in patients with type IIB
fractures. While Mochizuki et al."” raised a question re-
garding whether CCS using a suture button device alone is
a strong construct for maintenance of reduction between
the medial and lateral fragments. Despite reports of good
results in several studies, it is important to properly posi-
tion the tunnel of the coracoid process for fixation. If a
patient has a small coracoid process, as may occur more
commonly in female patients or patients with severe os-
teoporosis, great care should be taken when generating the
coracoid process tunnel.”

In the current study, satisfactory clinical outcomes
after surgery without a significant difference in terms of
UCLA score (32.8 vs. 32.1), ASES score (93.2 vs. 90.8), or
SSV (89.1% vs. 90.3%) were achieved in both the PLPO
and CCS groups. Although a higher complication rate
was observed for the CCS group (37.9%) compared to the
PLPO group (17.6%), there was no significant difference.
Bony union was achieved in 100% (17/17) in the PLPO
group and 86.2% (25/29) in the CCS group, showing a

significant difference. Four cases with nonunion after
CCS did not require reoperation because they had good to
excellent clinical outcomes without radiographic progres-
sion. These results demonstrated that both techniques can
be regarded as useful options for the treatment of type IIB
fractures.

The number of cases treated with additional CCS
using a suture button device or suture anchor combined
with PLPO has shown a recent increase.”'*"*'” These stud-
ies highlighted that additional CCS to improve vertical
stability should be performed with PLPO in type IIB frac-
tures because the remaining instability allows motion of
the lateral fragment with an increased nonunion. Han et
al."” reported on outcomes of 12 cases treated with PLPO
combined with CCS using a suture anchor for type IIB
fractures. They reported achievement of bony union in all
patients with no major complications. As there is no high
level of evidence reported in the literature, well-designed
prospective randomized controlled trials are warranted to
verify the best option for the treatment of type IIB frac-
tures.

The current study has several limitations. First, the
sample size was small. It was not sufficient to procure an
adequate power for determination of statistical signifi-
cance between outcomes and complications. Second, it
was retrospective and not randomized, which could have
resulted in selection bias. Despite these limitations, this is
a valuable first study to compare outcomes and complica-
tions between PLPO and CCS using a suture button device
for the treatment of type IIB fractures. Although a higher
nonunion rate was observed in the CCS group compared
with the PLPO group, satisfactory clinical outcomes were
obtained for both groups. Both techniques can be regarded
as useful options for the treatment of Neer type IIB lateral
clavicle fractures.
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