
Vol.:(0123456789)1 3

Arch Orthop Trauma Surg (2017) 137:651–662 
DOI 10.1007/s00402-017-2645-7

TRAUMA SURGERY

Comparative analysis of locking plate versus hook plate 
osteosynthesis of Neer type IIB lateral clavicle fractures

Benjamin Erdle1 · Kaywan Izadpanah1 · Martin Jaeger1 · Patrizia Jensen1 · 
Lukas Konstantinidis1 · Jörn Zwingmann1 · Norbert P. Südkamp1 · Dirk Maier1 

Received: 9 September 2016 / Published online: 20 March 2017 
© Springer-Verlag Berlin Heidelberg 2017

standard radiography, bilateral coracoclavicular distances 
were assessed by means of preoperative and follow-up 
stress radiographs after implant removal. Clinical outcome 
measures included the Constant score (CS), the Oxford 
shoulder score (OSS), the subjective shoulder value (SSV) 
and the Taft score (TS).
Results Bone union occurred in all but one patient and 
proved to occur delayed in five patients (15.6%). Radio-
graphical healing required a mean of 4.2 ± 4.0 months irre-
spective of the type of osteosynthesis. At follow-up, mean 
coracoclavicular distance was increased by 34% (±36) 
without significant differences between both groups. HPO 
patients obtained a significantly lower TS (HPO: 9.5 ± 1.5 
points, LPO: 11.1 ± 1.3 points; p = 0.005). Other mean 
score values did not differ (CS: 90.1 ± 7.4 points, OSS: 
43.2 ± 9.2 points, SSV: 91.1 ± 14.7%). Sixteen patients 
(50.0%) experienced complications. Overall prevalence of 
complications was significantly higher in the HPO group 
(p = 0.014).
Conclusions Both HPO and LPO were equally effective 
in relation to restoration of vertical stability, overall func-
tional outcome and fracture consolidation in treatment of 
Neer IIB fractures. Contrary to our hypothesis, HPO was 
not associated with superior recreation of the coracoclav-
icular distance. Considerable drawbacks of HPO were an 
inferior ACJ-specific outcome (Taft-Score) and a higher 
overall complication rate.
Level of evidence IV.

Keywords Distal clavicle fracture · Neer type IIB · 
Coracoclavicular distance · Locking plate · Clavicular hook 
plate · Acromioclavicular joint

Abstract 
Introduction Controversy exists on optimal operative 
treatment of vertically unstable Neer IIB lateral clavicle 
fractures. Aim of this study was to analyse and compare 
clinical and radiological results and complications of lock-
ing plate osteosynthesis (LPO) versus hook plate osteo-
synthesis (HPO) with acromioclavicular joint (ACJ) sta-
bilization. The hypothesis was, that HPO would recreate 
coracoclavicular stability more effectively and potentially 
lead to a superior outcome.
Methods This retrospective, observational cohort study 
included 32 patients (19 HPO, 13 LPO) with a mean age 
of 44.1 ± 14.2 years at surgery. The mean follow-up period 
was 54.2  months (range 25.2–111.4  months). Besides 
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Introduction

Controversy exists on optimal treatment of vertically 
unstable Neer type II lateral clavicle fractures. Surgical 
stabilization is usually recommended, since non-opera-
tive treatment is associated with high rates of non-union 
[23]. On the other hand, operative treatment may be com-
plicated by delayed union or non-union, secondary dislo-
cation, implant failure, persistent coracoclavicular insta-
bility and peri-implant fracture.

Craig modified Neer’s classification and divided unsta-
ble type II lateral clavicle fractures into type IIA and type 
IIB fractures [6]. Neer IIA fractures are located medial 
to both coracoclavicular ligaments, whereas Neer IIB 
fractures run in between the trapezoid and conoid liga-
ment. In Neer IIB fractures, the intact trapezoid ligament 
remains attached to the lateral fragment. Rupture of the 
conoid ligament effects pronounced vertical instabil-
ity, which may persist even after bone union. Therefore, 
effective treatment of Neer IIB fractures should aim for 
both bone union and recreation of coracoclavicular stabil-
ity. Valid interpretation of the efficacy of various treat-
ment modalities necessitates clear differentiation between 
both fracture types. However, very few outcome studies 
strictly distinguished between type IIA and IIB fractures 
[2, 19, 25–27]. Thereof, only one study performed pre-
operative and follow-up stress radiographs for dynamic 
evaluation of coracoclavicular stability [25].

Despite rates of delayed union or non-union of up to 
10%, literature reports satisfactory clinical outcomes fol-
lowing isolated locking plate osteosynthesis (LPO) with-
out additional coracoclavicular stabilization [2, 8, 18, 
27, 31]. For treatment of Neer IIB fractures, Shin et  al. 
[27] showed that LPO alone may not fully recreate pre-
injury coracoclavicular distance. In this context, hook 
plate osteosynthesis (HPO) as an ACJ-spanning proce-
dure could recreate coracoclavicular stability more effec-
tively and hereby potentially lead to a superior functional 
outcome compared to isolated LPO. On the contrary, a 
systematic review suggested a higher prevalence of com-
plications following HPO [23]. HPO may cause compli-
cations such as ACJ arthrosis, acromial osteolysis or sub-
acromial impingement syndrome and requires secondary 
surgery for implant removal.

To our best knowledge, no previous study compared effi-
cacy of LPO versus HPO by means of preoperative and fol-
low-up bilateral stress radiographs. Aim of this retrospec-
tive, comparative cohort study was to analyse and compare 
radiological results, functional outcomes and complications 
of LPO versus HPO. Our hypothesis was, that HPO would 
recreate coracoclavicular stability more effectively. As a 
result, radiological and clinical outcomes of HPO could 
also prove to be superior.

Materials and methods

The study was approved by the local Ethics Committee. 
Informed consent was obtained from all patients prior to 
study inclusion. We employed a retrospective, compara-
tive cohort study design defining the following inclusion 
criteria: (1) acute, isolated Neer IIB lateral clavicle frac-
ture with vertical instability as proven by means of pre-
operative, bilateral anterior–posterior stress radiographs, 
(2) operative treatment using LPO or HPO, (3) minimal 
follow-up period of 24 months after surgery and (4) his-
tory of painless and unrestricted shoulder function prior 
to trauma. Exclusion criteria were: (1) concomitant inju-
ries of the affected shoulder girdle or concomitant inju-
ries impairing function of the affected shoulder girdle, 
and (2) incomplete preoperative diagnostics.

A retrospective database research of the last 12 years 
identified 130 patients who had undergone operative 
treatment for acute lateral clavicle fractures at our insti-
tution. Thereof, 23 patients showed other than Neer II 
fractures or had been treated with other methods of fixa-
tion. A total of 107 cases had Neer II (A + B) lateral 
clavicle fractures and were treated either with LPO or 
HPO. Thereof, 45 patients had not received preoperative 
bilateral anterior–posterior stress radiographs or suffered 
from previous or concomitant injuries/pathologies. Verti-
cal instability, defined as caudal displacement of the lat-
eral fragment exceeding one width of the clavicular shaft 
in AP stress radiographs, was found in 37/62 cases. Thus, 
37 patients met all inclusion criteria and were eligible for 
study inclusion. However, three individuals could not be 
contacted and another two refused study participation. 
The study comprised 32 patients (4 female, 28 male) cor-
responding to an inclusion rate of 86.5%.

The right shoulder (dominant in n = 14) was affected 
in 15 cases. Injury mechanisms consisted of 18 bicycle 
and 3 motorcycle accidents, 1 car accident, 4 skiing acci-
dents, 1 soccer injury and 5 falls while walking. Stand-
ardized preoperative radiological examination included 
an anterior–posterior view, an anterior–posterior with 
30° cephalic tilt (Fig. 1) and bilateral anterior–posterior 
stress radiographs with 10  kg vertical loading (Fig.  2). 
Two experienced orthopaedic surgeons independently 
reviewed all radiographs and consistently agreed on the 
diagnosis of type IIB fractures according to Craig’s mod-
ification of the Neer classification [6]. Caudal lengths of 
the lateral fragments were measured in the anterior–pos-
terior views. Count of fragments served for assessment of 
fracture severity and comminution.
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Cohort profiles

Table  1 displays overall and cohort-specific patient and 
fracture profiles. HPO and LPO cohort profiles were sta-
tistically comparable with regard to age, gender, follow-
up period, fracture profiles and extent of coracoclavicular 
instability (p > 0.05).

Operative treatment and postoperative rehabilitation

All surgeries were performed in general anaesthesia and 
supine position with 30° of chest elevation. A 4–5  cm 
sabre cut incision was performed medial to the ACJ. 
The deltoid-trapezoidal fascia was incised in line with 
the lateral clavicle. After exposure and reduction of the 
fracture, K-wires were inserted for temporary fixation. 
For LPO (n = 13), either a 3.5  mm LCP T-plate (n = 7) 

(DepuySynthes) designed for distal radius fractures or 
an anatomically precontoured 2.7/3.5  mm LCP supe-
rior lateral clavicle plate (n = 6) (DepuySynthes) was 
used for definite fixation. All 19 HPO patients received a 
3.5 mm LCP clavicular hook plate (DepuySynthes, West 
Chester, USA). Choice of implant exclusively depended 
on the surgeon’s personal preference and was not related 
to morphology or severity of the fracture or subjective 
assessment of bone quality. Quality of reduction and 
position of implants were controlled with intraoperative 
fluoroscopy using standardized AP projections (Fig.  3). 
In all cases, the ACJ was found to be stable and the lat-
eral fragment(s) could serve as a reference for reduction 
in the vertical and horizontal plane. Intraoperatively, the 
lateral fragment(s) precisely lined up with the medial 
shaft fragment, aiming for the best possible CCD recrea-
tion with either method of fixation. We did not perform 

Fig. 1  Preoperative radiographs of a Neer IIB fracture without weight show moderate displacement in the anterior–posterior view (a) and the 
anterior–posterior with 30° cephalic tilt (b)

Fig. 2  Preoperative bilateral anterior–posterior stress radiography with 10 kg vertical loading shows distinct coracoclavicular instability of the 
affected side (a) compared to the healthy side (b). The coracoclavicular distance is increased by 157%
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any coracoclavicular stabilization procedure or ligament 
repair. Finally, the deltoid-trapezoidal fascia and the 
wound were closed with absorbable suture material.

For a postoperative period of 1–3  days, temporary 
sling application served for pain relief and comfort. 
Pain-adapted active range of motion was allowed from 
day one after surgery. HPO patients were instructed to 
respect an abduction limit of 90° until radiographi-
cal proof of healing to avoid implant-related complica-
tions. In LPO patients, full range of motion was usually 
achieved within 3–6 postoperative weeks. However, 
patients were instructed to strictly avoid mechanical 
stress and heavy labour until radiographical proof of 
fracture consolidation. Standardized radiographs (ante-
rior–posterior, anterior–posterior with 30° cephalic tilt, 
transaxillary view) were routinely performed postopera-
tively, after 6 weeks, 3, 4.5, 6, 12 months and then annu-
ally as needed. LPO implants were only removed in case 
of local irritation and/or on explicit patient’s request. 
Removal of hook plates was recommended after radio-
graphical proof of fracture consolidation.

Analysis of outcome and complications

Follow-up examinations were conducted from 3/2013 to 
6/2015 and included standardized clinical and radiologi-
cal evaluation of all included patients. Mean follow-up 
period was 54.2 months (range 25.2–111.4 months). An 
independent investigator performed comprehensive clini-
cal examinations of the shoulder and the ACJ including 
assessment of active and passive range of motions. The 
absolute Constant score (CS) [5], Oxford shoulder score 
(OSS) [7], subjective shoulder value (SSV) [9] and Taft 
score (TS) [29] were used as functional outcome meas-
ures. According to Boehm [4], Constant score results 
were classified as excellent (100–91 points), good 
(90–81 points), satisfactory (80–71 points), fair (70–61 
points) or poor (<60 points). Radiological follow-up 
examinations after implant removal consisted of an ante-
rior–posterior view with 30° cephalic tilt and bilateral 
anterior–posterior stress radiographs with 10 kg vertical 
loading (Fig.  4). Preoperatively and at follow-up, CCDs 
were bilaterally measured as distances between the most 
superior border of the coracoid and the undersurface of 

Table 1  Overall and cohort-
specific profiles

HPO hook plate osteosynthesis, LPO locking plate osteosynthesis, Age mean age at surgery (years), CCD% 
preop. percentage deviation of coracoclavicular distance of injured compared to healthy, contralateral side 
as measured in preoperative, bilateral AP stress radiographs

Total HPO LPO p

Patients 32 19 13
Age (years) 44.1 (±14.2) 44.3 (±14.9) 43.7 (±13.7) 0.85
Follow-up (months) 54.2 (±20.1) 54.9 (±19.8) 53.3 (±19.6) 0.85
Length lateral fragment (mm) 21.3 (±7.9) 19.5 (±5.6) 23.9 (±10.1) 0.38
Fragment count 2.59 (±0.56) 2.63 (±0.50) 2.54 (±0.66) 0.81
CCD% preop +172 (±83) +166 (±74) +180 (±98) 0.92

Fig. 3  Osteosynthesis of a Neer IIB fracture with an anatomically precontoured 2.7/3.5 mm LCP superior lateral clavicle plate (DepuySynthes). 
Correct reduction and implant position are controlled by intraoperative fluoroscopy. Anterior–posterior view (a) and transaxillary view (b)
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the clavicle at the lateral border of the conoid tubercle 
(Figs.  2, 4). Since all AP stress views were conducted 
bilaterally, vertical stability of the injured side could be 
compared to the healthy, contralateral side on the basis 
of virtually identical projections. CCD differences were 
expressed as percentage deviations of the affected related 
to healthy, contralateral side. All radiographs were evalu-
ated for time periods required for fracture consolidation 
and adverse events including typical reported complica-
tions of both procedures such as secondary dislocation, 
implant failure and loosening, peri-implant fracture, 
acromion osteolysis, postoperative ACJ arthrosis, non-
union or delayed union. Delayed union was defined as 
incomplete radiographical consolidation >6 months after 
surgery.

Statistics

Statistical analysis was performed using the soft-
ware SPSS version 22 (SPSS Inc., Chicago, IL, USA). 
Descriptive results are given as mean values with ranges 
or standard deviations (±). With independent samples, 
a Mann–Whitney U test was used for non-parametric 
group comparisons. A Chi-square test was used for distri-
butional analysis. We defined 95% confidence intervals. 
Statistical significance was assumed for p values <0.05. 
Sample size calculation revealed a minimum cohort size 
of n = 11 (p = 0.8, α = 0.05) to detect a clinically rel-
evant CCD difference of more than 25% (corresponding 
to a Rockwood-3 scenario) compared to the healthy side 
allowing for a modest loss to follow-up.

Results

Clinical outcome

Table 2 summarizes overall and cohort-specific (HPO ver-
sus LPO) clinical and radiological outcome measures for 
direct comparison. Patients treated with HPO obtained a 
significantly (p = 0.005) inferior TS compared to patients 
treated with LPO (HPO: 9.5 ± 1.5 points, LPO: 11.1 ± 1.3 
points). Inferior radiological subscores of the HPO cohort 
resulted from a higher prevalence of posttraumatic ACJ 
arthrosis. All other scores did not show significant differ-
ences between the LPO and HPO cohort. Mean follow-up 
CS was 90.3 points (range 67–100). Seventeen patients 
(53.1%) achieved excellent and 13 patients (40.6%) good 
results. One patient (3.1%) aged 73  years at follow-up 
obtained a satisfactory outcome. This patient showed a 
symptomatic subacromial impingement syndrome with 
a mildly positive starter test. Radiographical follow-up 
showed complete bone union, symmetrical CCD restora-
tion and a normal acromiohumeral distance. However, a 
rounded 8 × 4 mm heterotopic ossification along the course 
of the conoid ligament was apparent. Another patient 
(3.1%) with a fair result suffered from symptomatic non-
union of the lateral clavicle following hook plate osteo-
synthesis. All but the two latter patients (93.8%) graded 
their shoulder functions as excellent or good and could 
return to previous activities of profession, daily living and 
sports. All hook plates were removed after a mean time-
period of 4.7 months. All but three LPO implants (76.9%) 
were removed after a mean time-period of 12.5 months on 
explicit patient’s request due to a subjective sense of local 
irritation.

Fig. 4  Dynamic assessment of coracoclavicular stability of a consoli-
dated Neer IIB fracture following 3.5 mm LCP clavicular hook plate 
osteosynthesis (DepuySynthes) and implant removal. Follow-up bilat-
eral anterior–posterior stress radiography with 10 kg vertical loading 

shows partial persistent coracoclavicular instability of the affected 
side (a) compared to the healthy side (b). The coracoclavicular dis-
tance is increased by 40%
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Radiological outcome

Table  2 displays overall and cohort-specific (HPO versus 
LPO) clinical and radiological outcome measures. Fig-
ures  5 and 6 illustrate an exemplary LPO and HPO case, 
respectively. All except one fracture showed complete radi-
ographical healing corresponding to a union rate of 96.9%. 
One patient experienced symptomatic non-union following 
HPO. Delayed union occurred in five patients (HPO: n = 2, 
LPO: n = 3). Mean time-period until radiographical proof 
of healing was 4.2  months (±4.0  months) for all patients 
and 2.5 months (±1.2 months) for the 26 patients with reg-
ular bone healing, respectively. Mean CCD decreased from 
a preoperative value of +172% (±82) to a follow-up value 
of +34% (±36) compared to the healthy, contralateral side. 
CCD values showed no significant differences between 
both treatment groups. Follow-up CCD increase was found 
to be >25% in 14 patients (Fig. 4). However, such persis-
tent partial coracoclavicular instability did not significantly 
influence functional outcome measures.

Complications

Table  3 lists overall and cohort-specific (LPO versus 
HPO) complications. We noted non-union in one, delayed 
union in five, peri-implant fracture in one, screw mis-
placement with intra-articular ACJ positioning in one, 
radiographical follow-up proof of persistent acromial 

osteolysis in five and posttraumatic ACJ arthrosis in nine 
patients (Fig.  7). A total of 16 patients (50.0%) experi-
enced complications. Overall prevalence of complications 
was significantly higher in the HPO cohort (HPO: n = 17, 
LPO: n = 6; p = 0.014). Also, prevalence of posttraumatic 
radiographic ACJ arthrosis was significantly (p = 0.044) 
higher in the HPO cohort. Only one HPO patient with 
posttraumatic ACJ arthrosis showed mild clinical symp-
toms and did not require secondary surgery. One patient 
was diagnosed with a peri-implant fracture 6 weeks after 
surgery at routine follow-up examination without any his-
tory of trauma. The peri-implant fracture ran transversely 
through the medial plate hole carrying a locking screw 
and caused an angulation of the clavicle in the coronar 
plane. The fracture configuration was consistent with bio-
mechanical stress rising (overload) at the medial end of 
the osteosynthesis. The patient underwent revision sur-
gery with a longer clavicular hook locking plate. The one 
patient with a symptomatic non-union declined revision 
surgery since complaints were tolerable. Patients exhibit-
ing posttraumatic ACJ arthrosis achieved a significantly 
(p = 0.001) lower mean follow-up TS due to a significant 
(p < 0.001) decrease of radiological Taft subscores. Other 
observed complications did not affect clinical outcome 
significantly. Heterotopic ossifications in the coracoclav-
icular region were present in 12 patients (37.5%) (n = 9 
HP, n = 3 LP; p = 0.21) and did not influence functional 
outcome measures.

Table 2  Overall and cohort-
specific clinical and radiological 
outcome

HPO hook plate osteosynthesis, LPO locking plate osteosynthesis, CS absolute Constant score, OSS 
Oxford shoulder score, SSV subjective shoulder value (%), TStot total Taft score, TSsubj subjective rating of 
Taft score; TSobj Objective rating of Taft score, TSrad radiological rating of Taft score, CCD% preop. (fol-
low-up) percentage deviation of coracoclavicular distance of injured compared to healthy side as measured 
in preoperative (respectively follow-up) bilateral stress AP radiographs
*Statistical significance (p < 0.05) n.s. non-significant (p > 0.05)

Total HPO LPO p

Patients 32 19 13
CS 90.1 (±7.4) 88.7 (±8.8) 92.2 (±4.2) 0.45
OSS 43.2 (±9.2) 40.8 (±11.5) 46.5 (±2.5) 0.42
SSV 91.1 (±14.7) 88.7 (±18.4) 94.4 (±6.5) 0.23
TStot 10.1 (±1.6) 9.5 (±1.5) 11.1 (±1.3) 0.005*
TSsubj 3.4 (±0.9) 3.3 (±1.1) 3.5 (±0.7) 0.85
TSobj 3.5 (±0.6) 3.5 (±0.6) 3.6 (±0.5) 0.62
TSrad 3.2 (±1.3) 2.7 (±1.5) 3.9 (±0.3) 0.04*
Union 31 18 13 n.s
Delayed union 5 2 3 n.s
Regular union 26 16 10 n.s
Period for union (months) 4.2 (±4.0) 3.5 (±3.2) 5.5 (±5.1) 0.44
Period for regular union (months) 2.5 (±1.2) 2.4 (±0.9) 2.8 (±1.7) 1.00
CCD% preop +172 (±83) +166 (±74) +180 (±98) 0.92
CCD% follow-up +34 (±36) +32 (±32) +36 (±43) 0.76
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Discussion

Shin et al. [27] showed that isolated LPO of Neer II frac-
tures without coracoclavicular stabilization only partially 
restores coracoclavicular stability. Mean CCD remained 
increased by 10% with a tendency of greater coracoclavicu-
lar instability for the subgroup of type IIB fractures. How-
ever, validity of CCD measurement is considerably limited, 
since CCD differences were measured at rest on plain radi-
ographs without weight loading. In this context, we present 
the first study comparing efficacy of LPO versus HPO by 
means of preoperative and follow-up stress radiographs. 
Contrary to our hypothesis, HPO did not recreate CCD 
more effectively and LPO. Mean follow-up CCD remained 
increased by 34% compared to the healthy, contralateral 
side. There were no significant differences between both 
treatment groups (HPO versus LPO). Shin et  al. [27] did 
not observe inferior subjective and objective functional out-
comes in patients with persistent partial coracoclavicular 
instability. Accordingly, present study did not prove infe-
rior functional outcomes in patients with a follow-up CCD 
increase of >25%. However, both studies are likely to be 
underpowered to allow for a conclusive assessment of clini-
cal relevance of persistent coracoclavicular instability in 
vertically unstable lateral clavicle fractures.

LPO of Neer type II fractures achieves high rates of 
union ranging from 94 to 100% following [1, 2, 8, 15, 18, 
27, 31, 32]. Consistently, we did not observe any non-union 
in the LPO group. However, prolonged and delayed heal-
ing may complicate both non-operative and operative treat-
ment of unstable lateral clavicle fractures [23]. Only few 
authors stated time periods required for bone healing and 
no study differentiated between Neer IIA and IIB fractures 
[2, 18, 27, 32]. Bone healing is supposed to require mean 
periods of 2.9–4.1 months for the entirety of type II frac-
tures [18, 27, 32], but might be prolonged for the subgroup 
of Neer IIB fractures. In our study, mean time-period until 
union was 4.2 months. Five patients (16%) showed delayed 
healing (>6 months). Prolonged and delayed union equally 
occurred in the HPO and LPO cohort. In this context, 
future studies should evaluate, whether persistent coraco-
clavicular instability causatively contributes to prolonged 
or delayed healing of Neer IIB fractures, and how the type 
of osteosynthesis influences healing behaviour.

Literature reports a large spectrum and spread of adverse 
events and complications following HPO of Neer II frac-
tures [8, 10, 11, 14, 15, 21, 24, 28, 30]. Though, the lack 
of a uniform definition aggravates inter-study compari-
sons. Zhang et al. [32] analysed results of HPO and LPO of 
type II fractures. Functional outcomes were equal, but the 

Fig. 5  Example of LPO of a Neer IIB fracture. anterior–posterior 
view without weight (a), anterior–posterior stress radiography with 
10  kg vertical loading (b), anterior–posterior view of consolidated 

fracture without weight (c), follow-up anterior–posterior stress radi-
ography with 10 kg vertical loading shows full restoration of coraco-
clavicular stability (d)
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rate of complications was significantly higher in the HPO 
group (23.3 versus 5.6%). In a systematic review on type 
II fractures, 66 of 162 patients (40.7%) treated with HPO 
experienced complications [23]. These findings cannot be 
directly compared to ours, since we only included type IIB 
fractures. Twelve of 19 HPO patients (63.2%) experienced 
complications, and the prevalence of overall complications 
was significantly higher compared to the LPO group. The 

majority (13/17) of HPO complications could be regarded 
as implant-specific ones, e.g. acromial osteolysis and post-
traumatic ACJ arthrosis. In this context, persistent cora-
coclavicular instability and prolonged or delayed healing 
might promote hook plate-specific complications. In con-
trast to isolated ACJ dislocations, the hook plate for treat-
ment of lateral clavicle fracture has to be left in place for 
a longer time-period until definite fracture consolidation 

Fig. 6  Example of HPO of a Neer IIB fracture. Anterior–posterior 
view without weight (a), anterior–posterior stress radiography with 
10  kg vertical loading (b), anterior–posterior view of consolidated 

fracture without weight (c), follow-up anterior–posterior stress radi-
ography with 10 kg vertical loading shows partial restoration of cora-
coclavicular stability (d)

Table 3  Overall and cohort-
specific complications

HPO hook plate osteosynthesis, LPO locking plate osteosynthesis, ACJ acromioclavicular joint
*Statistical significance (p < 0.05)

Total HPO LPO p

Patients 32 19 13
Patients (%) with complications 16 (50.0%) 12 (63.2%) 4 (30.8%) 0.07
Overall complications 22 17 5 0.02*
Non-union 1 (3.1%) 1 (5.3%) 0 –
Delayed union 5 (15.6%) 2 (10.5%) 3 (23.1%) 0.34
Peri-implant fracture 1 (3.1%) 1 (5.3%) 0 –
Screw misplacement 1 (3.1%) 0 1 (7.7%) –
Acromial osteolysis at follow-up 5 (15.6%) 5 (26.3%) 0 0.04*
Posttraumatic ACJ arthrosis 9 (28.1%) 8 (42.1%)* 1 (7.7%) 0.03*
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has occurred. This prolonged stay of the hook plate (mean 
of 4.7 months in our study) appears to effect a higher rate 
of acromial osteolysis as well as ACJ arthrosis compared 
to non ACJ-spanning methods of osteosynthesis  possibly 
caused by micromotions of the implant around the ACJ 
(Table 3). We did not detect any other cohort-specific pro-
file differences that could have explained the higher rate of 
ACJ arthrosis (Table 1).

We observed two (6.3%) major complications such as 
symptomatic non-union and medial peri-implant fracture. 
Klein et  al. [15] noted medial peri-implant fractures in 
3/22 patients (13.6%) following acute and delayed HPO of 
type II fractures. Peri-implant fracture usually occurs as a 
result of biomechanical stress rising at the medial end of 
the osteosynthesis (Fig. 7). Clinical data suggest, that LPO 
with locking fixation of the lateral fragment improves load 
sharing and reduces the risk of peri-implant stress fractures 
[1, 2, 8, 13, 17, 18, 20, 32]. Even though, singular cases 
of peri-implant fractures or implant failures have been 
reported for LPO without coracoclavicular stabilization [1, 
17]. Modern techniques of osteosynthesis include arthro-
scopic, arthroscopically assisted and mini-open procedures 
of coracoclavicular stabilization [16, 19, 22, 26]. Since 
preliminary clinical results did not report stress-related 
implant complications so far, such additional coracoclav-
icular stabilization could further enhance biomechanical 
stability and reduce stress rising [12, 17, 20]. However, the 

spectrum and limits of indications have not yet been con-
clusively defined and mid- to long-term results are pending.

Clinical outcomes of present study comply with the lit-
erature [2, 8, 10, 18, 25, 27, 28, 32]. In spite of the con-
siderably high rate of complications and delayed unions, 
follow-up shoulder functions were graded as excellent or 
good in all but two patients (94%). This apparent contradic-
tion is well explained by the rigorous definition and pre-
cise analysis of complications. In addition, the vast major-
ity were minor complications without influence on the 
end result. CS, OSS and SSV showed a trend to superior 
results in the LPO cohort, but significant differences could 
only be detected by means of the ACJ-specific TS. HPO 
patients achieved significantly inferior TS due to a higher 
prevalence of posttraumatic ACJ arthrosis. Table 4 displays 
an  exemplary overview on outcome and complications of 
different operative treatment modalities.

This study has some limitations. First of all, present 
study was based on a retrospective database research. Strict 
inclusion and exclusion criteria caused a limited case num-
ber but enhanced conclusiveness and validity of this com-
parative cohort study. Current findings indicate a relevant 
proportion of concomitant intra-articular glenohumeral 
injuries [3]. However, no patient had to undergo second-
ary surgery or showed clinical signs of associated inju-
ries throughout the follow-up period. Choice of implants 
was not randomised and solely depended on the surgeon’s 

Fig. 7  Exemplary complications following HPO of Neer IIB fractures. Non-union (a), medial peri-implant stress fracture (b), acromial osteoly-
sis (white arrow) detected at follow-up (c), heterotopic ossification and posttraumatic ACJ arthrosis (d)
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personal preference. Though, both cohort profiles were 
statistically comparable with respect to all relevant influ-
encing factors (Table  1). Therefore, we may exclude any 
substantial selection or performance bias. Bilateral AP 
stress views might not guarantee perfectly identical projec-
tions when comparing different patients and different time 
points. Though, we did not observe relevant discrepancies 
of projection. All CCD measurements relied on comparison 

to the contralateral side, hereby minimizing the effect of 
projection variation. Thus, the study employed the cur-
rent standard of clinical routine diagnostics with the best 
achievable accuracy. At follow-up, 3/13 LPO implants were 
still in situ compared to none in the HPO group. None of 
these three patients had implant-associated complaints, and 
therefore, denied plate removal. We suspected no relevant 
influence on follow-up CCD measurements, since all three 

Table 4  Overview on outcome and complications of operative treatment modalities

FU follow-up, CCD% FU percentage deviation of coracoclavicular distance of injured compared to healthy side as measured in follow-up radio-
graphs, cc coracoclavicular, CS Constant score, TS Taft score, N.e. not evaluated
*Statistical significance (p < 0.05)

References Treatment N Type Age (years) FU (months) Outcome CCD% FU Complications

Shin et al. [24] Precontoured 
superior locking 
plate without cc-
stabilization or 
-reconstruction

16 IIB 41.6 (29–78) 25 (24–27) CS: 88.9 (78–95) +11% (without 
weights)

1× shoulder stiffness
5× implant removal 

due to cosmesis 
(prominence)

Schliemann et al. 
[22]

Superior locking 
plate with flip 
button cc-stabili-
zation

14 IIB 38 (22–54) 38 (8–75) CS: 93.5 (85–100)
TS: 11.2 (10–12)

+14% (with 5 kg 
weights)

3× heterotopic 
ossification

3× implant removal 
due to local irrita-
tion

1× imminent skin 
perforation

Zhang et al. [28] Superior locking 
plate without cc-
stabilization or 
-reconstruction

36 II 42.5 (±10.7) 28.6 (±6.2) CS: 95.5 (±5.9) N.e 1× non-union
1× loss of reduction

Hook plate 30 II 41.1 (±10.3) 27.7 (±6.1) CS: 93.3 (±8.1) N.e 2× non-union
1× hardware failure
2× loss of reduction
3× symptomatic 

hardware
Loriaut et al. [16] Arthroscopic 

double button 
fixation

21 IIB 33 (18–67) 35 (24–51) CS: 94.8 (62–100) N.e 1× non-union
1× hardware failure
1× shoulder stiffness
1× symptomatic 

posttraumatic ACJ 
arthritis

2× heterotopic 
ossification

Current study Locking plate 
without cc-
stabilization or 
-reconstruction 
(LPO)

13 IIB 43.7 (±13.7) 53.3 (±19.6) CS: 92.2 (±4.2)
TS: 11.1 (±1.3)

+36% (with 10 kg 
weights)

3× delayed union
1× screw misplace-

ment
4× heterotopic 

ossification
Hook plate (HPO) 19 IIB 44.3 (±14.9) 54.9 (±19.8) CS: 88.7 (±8.8)

TS: 9.5 (±1.5)*
+32% (with 10 kg 

weights)
1× non-union
2× delayed union
1× peri-implant 

fracture
5× acromial oste-

olysis
1× symptomatic 

posttraumatic ACJ 
arthritis

9× heterotopic 
ossification



661Arch Orthop Trauma Surg (2017) 137:651–662 

1 3

fractures showed complete radiographical healing and LPO 
implants were non AC-spanning.

Conclusions

Both LPO and HPO reliably achieved bone union, but 
only partially restored coracoclavicular stability. Con-
trary to our hypothesis, HPO did not recreate CCD more 
effectively than LPO. However, persistent partial cora-
coclavicular instability was not associated with inferior 
functional outcomes. Delayed bone union occurred in a 
relevant proportion (16%) of patients but was not related 
to the type of osteosynthesis. Precise analysis of adverse 
events revealed a considerably high-rate of overall compli-
cations. Half of patients experienced complications, with 
a prevalence being significantly higher in the HPO cohort. 
Though, clinical follow-up examinations showed excellent 
or good objective and subjective functional results in the 
vast majority of patients (94%). Clinical relevance of per-
sistent coracoclavicular instability requires further investi-
gations. Future studies should also examine, whether LPO 
combined with minimal-invasive coracoclavicular stabili-
zation may improve restoration of coracoclavicular stabil-
ity, accelerate healing and lower complication rates.
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