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Abstract

Introduction Neer type II lateral clavicle fractures are

inherently unstable and debate continues regarding optimal

treatment. The purpose of this study was to review the

outcome of Neer type II lateral clavicle fractures treated

using a novel technique, which incorporates a superiorly

placed distal radius locking plate combined with Tight-

RopeTM fixation to augment the coraco-clavicular

ligaments.

Methods Between 2007 and 2010, a total of 31 Neer type

II fractures were managed operatively at our institution.

Clinical outcomes were assessed using the SPADI, DASH,

Constant, and Taft scores. Subjects were evaluated at

6 weeks, 3, 6 months, and 1 year. For the latest follow-up

(mean 38.7 months), all patients were telephoned by an

independent research associate and interviewed to establish

SPADI and DASH scores. Radiological union was evalu-

ated using standard views including an antero-posterior

view, an angled (Zanca) view, and a trans-scapular view.

Results Bony union was achieved at a mean follow-up of

6.3 ± 4.1 weeks. At the 1-year follow-up, the AC joint

remained reduced radiologically in all cases. At 1 year, the

mean Constant score was 95.6 ± 4.82, the DASH score

was 3.45 ± 3.02, and the SPADI score was 2.58 ? 1.94.

At the latest follow-up, at a mean of 38.7 ? 14.8 months,

the DASH score was 0.6 ± 2.1 and the SPADI score was

0.6 ± 2.

Conclusion Surgical fixation of Neer type II lateral

clavicle fractures using a 2.4-mm distal radius locking

plate in combination with TightRopeTM suture augmenta-

tion results in a predictable outcome, preserving excellent

shoulder function while maintaining a low complication

rate.
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Introduction

Neer type II fractures are potentially unstable and are

particularly difficult to control. Type II fractures are often

significantly displaced, because the trapezius and sterno-

cleidomastoid muscles both pull the medial fragment

superiorly [1–4]. These fractures can be horizontally or

vertically unstable if either the conoid or trapezoid liga-

ments are also ruptured [2, 5, 6].

As a result of the significant mechanical demands rela-

ted to these specific anatomic considerations, type II frac-

tures are difficult to stabilize by non-operative methods and

have a 30 % rate of non-union [1, 2]. Recognizing the high

incidence of non-union, the frequency of local complica-

tions, and the subsequent shoulder dysfunction evident in

his series, Edwards [5] recommended operative treatment
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for type II fractures and others concurred [3, 6–10]. Many

operative techniques have been described to stabilize Neer

type II fractures, including sling fixation [11], tension band

wires [12–14], K-wire fixation [15], use of a site-specific

hook plate [13, 16], screw fixation [3], use of Knowles pins

[17], open Endo-button fixation [18], suture anchors and

suture tension bands [6],and double plate fixation [19]. In

addition, arthroscopic techniques using suture fixation

[20, 21] and a double button device (TightRopeTM) have

been suggested [22]. Many of these procedures are asso-

ciated with complications including wire migration, screw

loosening or breakage, loss of reduction, acromio-clavic-

ular joint degeneration, subacromial impingement, acro-

mial and periprosthetic clavicle fractures, and rotator cuff

damage with the hook plate [11, 17, 23].

Recently, several small case series [7, 8, 24] have

advocated the use of distal radius locking plates for lateral

clavicle fractures. These plates reportedly match the con-

tours of the lateral clavicle, providing strength and stability

while stabilizing small, comminuted fragments. There is

little risk of iatrogenic damage to the AC joint, subacromial

space or rotator cuff, a potential issue associated with some

implants used for these injuries. Designed with a low

profile, these plates are not usually prominent and do not

often require removal. However, use of these implants does

not address the disruption of the CC ligament, and there-

fore does not restore vertical or horizontal stability to the

injury.

The purpose of this study was to review the clinical

outcome of Neer type II lateral clavicle fractures treated

using a novel technique, which incorporates a superiorly

placed distal radius locking plate combined with Tight-

RopeTM fixation through the base of the coracoid process to

augment the coraco-clavicular ligaments.

Materials and methods

Subjects

Between 2007 and 2010, a total of 31 patients (23 males, 8

females) with an average age of 30.3 ± 14.6 years (14–59)

underwent surgical stabilization (Figs. 1, 2a, b). The

mechanism of injury was a bicycle accident in ten cases,

motorbike accident in six cases, fall from a horse in two

cases, assault in three cases, fall from a mechanical bull in

one case, fall from a skateboard in two cases, a simple fall

in four cases, a direct contact injury in Rugby in one case,

and an automobile accident in two cases. Ten patients were

stabilized definitively within 24 h, 3 patients presented late

(14, 14, 49 days), and the remaining 18 were treated

between 2 and 10 days after injury. The mean time

between injury and surgery was 5.6 days, but only 3.8 days

if the three late presentations were excluded. All 31 of

these cases were operated on by the same three surgeons at

one institution.

Outcome measures

The main outcome measures consisted of the shoulder-

specific Constant score [25], the upper extremity-specific

Disabilities of the Arm, Shoulder and Hand (DASH) score

[26], the Shoulder Pain and Disability Index (SPADI) score

[27], and the TAFT score [28]. Radiographic union was

evaluated using an antero-posterior view, supplemented by

an angled (Zanca) view and trans-scapular view. Stress

views were not obtained as several authors [29–31] have

demonstrated the lack of efficacy of this technique.

Radiographs were obtained every 2 weeks and reviewed by

two independent research associates. Similar to Lee et al.

[13], radiographic union was defined as evidence of

bridging callus across the fracture or obliteration of the

fracture lines.

Operative technique

With the patient in the beach chair position, a 6–8 cm

incision was made along the anterior border of the lateral

clavicle. The fracture was reduced as anatomically as

possible and a 2.4-mm volar distal radius locking plate

(Synthes�) was selected; the specific plate employed

depended on the fracture configuration and size of the

lateral fragment. To accommodate the drill hole for the

TightRopeTM system, an L-plate or oblique L-plate was

used and placed on the superior aspect of the clavicle,

parallel to the posterior border. Three locking screws were

Fig. 1 Neer type II fracture with vertical displacement of the medial

fragment
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placed into the distal fragment, and three non-locking

screws were inserted medially. Blunt dissection was carried

out to expose the superior aspect of the coracoid process. A

single 4-mm tunnel was made through the clavicle, cen-

tered at the level of the coracoid and anterior to the plate.

Care was taken to preserve an anterior bone bridge of at

least 3–5 mm to minimize the risk of an anterior cortex

fracture. The 4-mm drill bit was then centered on the

coracoid process as posterior as possible to avoid anteri-

orization of the clavicle and AC joint as the TightRopeTM

device was secured. The TightRopeTM device was then

introduced through both tunnels with a Nitinol wire men-

iscal suturing device (Arthrex�) and suture shuttle tech-

nique. Reduction was achieved by inferior and anterior

translation of the clavicle by the surgical assistant, and the

TightRopeTM device was then tightened and secured with a

minimum of five reverse knots.

Postoperative protocol and follow-up

Patients were treated in a sling for the first 4 weeks. Pen-

dulum exercises and active assisted flexion and abduction

exercises below the horizon (90� abduction and flexion)

were commenced 24 h after surgery. The sling was

removed after 4 weeks and a graduated physiotherapy

regimen was commenced with a goal of full range of

motion at 8 weeks. Strengthening exercises were only

allowed once full range of motion was achieved, provided

radiological and clinical fracture union was confirmed.

Each patient was evaluated using the SPADI, DASH,

Constant scores at 6 weeks, 3, 6 months, and 1 year, and

the TAFT score at 12 months. For the latest follow-up, all

patients were telephoned by an independent research

associate and interviewed to establish final SPADI and

DASH scores. Two patients were lost to follow-up during

the first 12 months (6.5 %); no further loss to follow-up

occurred during the remaining follow-up period and the

total loss to follow-up was 6.5 %. However, both patients

were contacted during the final follow-up and the results of

their SPADI and DASH scores were included. The mean

follow-up of those remaining patients who form the study

cohort was 38.7 ± 14.8 months (13–59).

Results

Table 1 provides on overview of patient demographics

including age, gender, and mechanism of injury, as well as

the Constant, DASH, TAFT, and SPADI scores at

12 months, and SPADI and DASH scores at the latest

follow-up. Bony union was achieved at a mean follow-up

of 6.3 ± 4.1 weeks. At the 1-year follow-up, the AC joint

remained reduced anatomically on plain radiographs in all

cases. Table 2 and Fig. 3 demonstrate the Constant,

SPADI, and DASH scores at intervals from 6 weeks to

1 year, and both the DASH and SPADI scores at the latest

follow-up at 38.7 months. Thirteen type II a and 18 type II

b were treated. The mean Constant score for type II a was

97.3 ± 3.7 and 94.3 ± 5.2 for type II b fractures. The

DASH scores (II a: 3.4 ± 3.7; II b: 3.4 ± 2.2) and SPADI

scores (II A: 2.6 ? 2.4; II B: 2.5 ? 1.3) for both types II a

and II b were very similar for both fracture types. These

between-type differences were not significant (p =

0.1–0.9). Similar to Herrmann et al. [10], the Constant

score results at 1 year were divided into excellent

(90–100), good (80–89), satisfactory (70–79), and fair

(\70); there were 24 (77.4 %) excellent and 5 (16.1 %)

good results. The mean Taft scores were 11.3 ± 0.7 for

type II a fractures and 11.4 ± 0.7 for type II b fractures.

None of the patients demonstrated any clinical tenderness

at the ACJ during the 12 months follow-up examination.

Fig. 2 a, b The same case at 3 months, demonstrating fixation with a

volar distal low-profile 2.4-mm L-plate and TightropeTM. The fracture

has united and the AC joint reduced
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Two complications were observed in our study cohort.

One patient (Table 1, Patient No. 15) presented with a

superficial Staphylococcus aureus infection, which settled

with a course of appropriate antibiotics. The second patient

(Table 1, Patient No. 20) presented 6 months after surgery

with a non-union and hardware failure requiring re-plating

and bone grafting, and union was subsequently achieved

9 weeks later. His Constant score at 12 months after the

Table 1 Results of the 31 subjects treated with the 2.4-mm volar distal locking plate and TightRopeTM

Patient number Age (years) Gender Neer Follow-up 12 months Last follow-up

Constant DASH TAFT SPADI Months DASH SPADI

1 16 m II a 100 5 12 3 59 0 0

2 50 m II a 93 1 11 2 57 0 0

3 28 m II a 94 2 11 3 56 0 0

4 13 m II a 100 2 12 2 54 0 0

5 12 m II a 99 1 12 1 53 0 0

6 14 m II a 100 3 12 1 52 0 0

7 21 m II b Lost to follow-up 53 0 0

8 49 m II b 89 4 10 5 52 0 0

9 29 m II a 98 1 12 1 46 0 0

10 15 m II b 100 2 11 2 52 0 0

11 40 m II a 98 2 11 3 47 0 0

12 31 f II b 93 2 12 1 43 0 0

13 26 m II a 100 3 12 1 40 3 6

14 56 f II b Lost to follow-up 39 0 0

15 14 m II a 100 2 12 2 30 0 0

16 18 m II b 100 2 12 1 27 0 0

17 40 m II a 98 3 11 2 27 0 0

18 24 m II b 88 7 10 4 20 0 0

19 27 f II a 95 5 10 3 23 0 0

20 53 f II a very comminuted 87 16 10 11 19 0 0

21 20 m II b 100 2 12 3 18 0 0

22 53 m II b 82 9 11 5 18 0 0

23 16 m II b 100 2 12 2 13 0 0

24 23 f II b 97 5 11 3 19 0 0

25 41 f II b 94 3 11 2 18 0 0

26 54 f II b 89 6 11 3 47 10 11

27 59 f II b 98 2 12 2 46 0 0

28 18 m II b 93 2 12 3 34 0 0

29 24 m II b 100 1 12 1 20 4 9

30 30 m II b 92 3 11 2 24 0 0

31 27 m II b 94 2 12 1 30 0 0

Mean 30.30 95.55 3.45 11.38 2.58 38.7 0.6 0.6

SD 14.60 4.82 3.02 0.73 1.94 14.8 2.1 2

Table 2 Results of the

Constant, SPADI, and DASH

scores at intervals from 6 weeks

to 1 year, and SPADI and

DASH score at the final mean

follow-up at 38.7 months

Constant DASH SPADI

6 weeks 50.2 ± 12.7 (29–71) 63.5 ± 15.1 (35–89) 75.8 ± 12.5 (48–95)

3 months 76.7 ± 12.4 (48–95) 27 ± 15.5 (7–63) 30.1 ± 15.7 (11–65)

6 months 89.1 ± 7.2 (70–98) 6.7 ? 5.7 (1–27) 7.6 ± 5.9 (1–32)

12 month 95.6 ? 4.8 (82–100) 3.5 ± 3 (1–16) 2.6 ± 1.9 (1–11)

Final at 38.7 months 0.6 ± 2.1 (0–10) 0.6 ± 2 (0–11)
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injury was 87 and the DASH and SPADI scores at the final

follow-up 19 months after the original injury were 0 and 0,

respectively.

Discussion

Treatment of Neer type II fractures of the lateral clavicle

remains controversial, perhaps indicating that they are not

fully understood. These injuries are potentially unstable

and have a greater risk of non-union [1, 2, 32]. The forces

of the sternocleidomastoid and trapezius muscles pull the

medial fragment posteriorly and superiorly. This charac-

teristic displacement is further compounded by the pecto-

ralis muscle and the effect of gravity, and the fragments

may be widely separated [2, 13].

Neer type II fractures have been subdivided into two

types based on the integrity of the CC ligaments. For type

II a injuries, the CC ligaments remain intact, indicating that

the lateral clavicle is structurally bound to the coracoid,

scapula, and the weight of the entire upper limb. Stabil-

ization of this injury using a superior locked plate alone

suggests a failure of the surgeon to appreciate the nature of

the deforming forces. This construct would rely entirely on

the pull-out strength of several locked screws in the lateral

fragment. The high rates of failure noted in comminuted or

osteoporotic fragments should be expected, and coraco-

clavicular interval reconstruction is therefore necessary to

provide additional support to limit the potential early

failure of internal fixation. We have observed partial

injuries to the CC ligaments in our cohort of type II a

injuries, and in all these cases horizontal instability was

elicited; further evidence shows that these injuries may not

be as stable as the current definition suggests.

Type II b injuries are even more challenging and diffi-

cult to control, as rupture of some or all of the CC ligament

can result in both horizontal and vertical instability of the

medial fragment [2, 5, 6], superimposed on the substantial

loads discussed above. As with type II a injuries, a superior

locked plate alone is unlikely to effectively stabilize this

injury, although for very different reasons. The superior

locked plate by itself cannot effectively neutralize the

additional forces that would be expected to develop with

range of motion. The additional forces resulting from this

instability would predispose these constructs to failure of

fixation, particularly with a comminuted or osteoporotic

lateral fragment. After the fracture has been stabilized, it is

important to examine both horizontal and vertical stability

to assess CC-ligament integrity and reconstruct the CC

ligaments to counteract this instability.

Several very different methods of surgical treatment

have been described, which can be divided into direct

osteosynthesis, CC interval fixation, and trans-acromial

techniques [6]. The most commonly described direct

osteosynthesis method uses the clavicle hook plate,

although the reported complication rate with this implant

ranges from 14 to 68 % [13, 16, 33]. Coraco-clavicular

interval reconstruction most often utilizes screw fixation

[6], sling fixation [11], or arthroscopic suture fixation

[20–22]. Unfortunately, some of these methods have also

been associated with screw loosening or breakage, loss of

reduction, acromio-clavicular joint degeneration, and bone

erosion [11, 17]. Transacromial techniques, such as K-wire

or tension band fixation, are at risk of hardware migration

Fig. 3 Graph outlining the

Constant, DASH, and SPADI

scores at 6 weeks, 3, 6, and

12 months; the TAFT score at

12 months; and both the DASH

and SPADI scores at the final

follow-up at 38.7 months
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[23], as well as the potential for damage to the AC joint

leading to degenerative arthritis [34].

Recognizing the difficulties associated with isolated

management of either the fracture or the ligaments, it is our

contention there are genuine benefits derived from repair of

both simultaneously. Combining these two techniques,

stable fixation allows early mobilization of the involved

extremity. A superiorly placed distal radius plate stabilizes

the fracture site, and the CC-ligament complex is aug-

mented anatomically using the TightRopeTM (Arthrex�)

suture device through the base of the coracoid. In our series

of 31 patients, the implant-related complication rate was

lower than with any other reported technique. No subject

reported implant-related discomfort, possibly because of

the low profile of the device. The distal fragments are often

small, although in our series we placed a minimum of three

locking screws in the distal fragment in every case, con-

tributing to greater stability and strength. Placement of the

TightropeTM using arthroscopic techniques may conceiv-

ably result in a decrease in surgical morbidity and further

reduce complication rates. However, in our experience, it is

extremely challenging to place the guide jig correctly,

either at the superior aspect of the clavicle or inferior to the

coracoid. In almost all cases, the clavicular tunnel must be

placed just anterior to the curvature of the plate, which

inadvertently positions the guide pin too posterior in the

coracoid to benefit from arthroscopic assistance.

Previous series [7, 8, 24] using a distal radius volar plate

for lateral clavicle fractures have reported similar results.

Additional suture augmentation is sometimes looped over

the clavicle and around the coracoid, although erosion

through bone is a potential risk. One advantage of the

TightRopeTM system is the potential to avoid bone erosion

on either end, because the sutures are not looped around the

clavicle or coracoid, but instead placed within a bone

tunnel and then secured over a button superiorly.

The load to failure of the intact ligament complex has

previously been reported by Motamedi et al. [35] to be

725 N, while Walz et al. [36] reported 552 N. The ultimate

failure load of the trapezoid ligament is approximately

300 N, while the conoid ligament fails at 260 N [36]. In

comparison, the load to failure of the TightRopeTM system

has been reported as 547 N by Walz et al. [36]. A single

TightRopeTM system is therefore strong enough to reliably

reconstruct either of the CC ligaments individually, but

may not be adequate to reconstruct the entire CC-ligament

complex.

Neer [32] reported that the conoid ligament and medial

part of the trapezoid ligament are often detached from the

clavicle in type II injuries. Even this partial injury to the

CC-ligament complex can render the suspensory mecha-

nism incompetent, resulting in both horizontal and vertical

instability. Fracture fixation with an isolated plate is

unlikely to be successful under these conditions, and we

believe it is imperative to augment the CC-ligament com-

plex as well as stabilize the fracture. This opinion is shared

by Jackson et al. [37] who suggest the role of the coraco-

clavicular ligament in providing additional stability had to

that point not been fully appreciated.

One of the strengths of this study is that it reports the

largest number of consecutive cases treated with a distal

radius locking plate. This technique provides more stable

support than plate fixation alone and allows early mobili-

zation. Despite our aggressive early rehabilitation protocol,

in only one case we observed loss of reduction and hard-

ware failure.

This study has limitations, including its retrospective

nature and the lack of a control group. However, the out-

come scores were collected in a prospective fashion for

12 months after surgery. Considering the previously

reported positive results with the use of a distal radius

locking plate [7, 8, 24], and given the reported high com-

plication rate with other described procedures for this

condition, it could be argued that the inclusion of a control

group was not necessary. In fact, it would have been dif-

ficult to obtain ethical approval to conduct a prospective

randomized controlled trial. A further concern is the rela-

tively short follow-up of 38.7 months. However, as dem-

onstrated by the Constant, DASH, and SPADI scores,

all patients had minimal disability during the follow-up

period. Further changes in functional outcome would not

be expected even with a longer follow-up interval.

Conclusion

Surgical management of Neer type II lateral clavicle

fractures using this technique appears to offer significant

advantages compared to other methods. Fracture stabil-

ization using a superiorly placed 2.4-mm distal radius

locking plate combined with TightropeTM augmentation of

the CC ligaments results in a predictable outcome, with

excellent shoulder function and a very low complication

rate.
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