
Acta Orthop Traumatol Turc 2011;45(2):115-119
doi:10.3944/AOTT.2011.2468

EXPERIMENTAL STUDYACTA
ORTHOPAEDICA
et
TRAUMATOLOGICA
TURCICA

Is plating of mid-shaft clavicular fractures possible with a 

conventional straight 3.5 millimeter 

locking compression plate?
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Objective: Current literature describes improved clinical outcomes and a minor rate of
pseudoarthrosis following operatively treated clavicular fractures. We investigated the feasibili-
ty of using a standard 3.5 mm AO locking compression plate (LCP) of adequate length for the
stabilisation of mid-shaft fractures of the clavicle.

Methods: The length and acromial and diaphyseal curvature depths were measured in 49 cadav-
eric clavicles. We then assessed how well the 6, 7, 8 and 9-hole plates fit on the clavicles.

Results: The mean clavicular length was 155±12 mm, with a mean acromial curvature of 18.1±
3.7 mm and a mean diaphyseal curvature of 12 mm±4 mm. The optimum plate for the clavicle
was a 7-hole LCP, providing adequate fixation in 48 of the 49 clavicles.

Conclusion: The described technique for plate osteosynthesis of the clavicle with AO locking
compression plate is feasible and results in a biomechanically strong construct for mid-shaft frac-
tures. With the use of a locking plate, comminuted fractures may be bridged without a reduction
in the strength of the construct.
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Prior to the mid 1990s, the clinical results of conser-
vatively treated mid-shaft clavicular fractures were
reported as very good, and the rate of pseudoarthro-
sis as extremely rare.[1,2] This is not the common view
currently held by many experts, as malunion is asso-
ciated with residual deficits in shoulder strength and
endurance. Recent studies have identified risk factors
for progression of clavicular fractures to non-
union.[3,4] There is an association between clavicular
shortening and reduced abduction and strength.[5]

This is a significant problem in patients, whose jobs
or sports require overhead activities. Recent studies

report better clinical outcomes and reduced rates of
pseudoarthrosis after surgical treatment of clavicular
fractures.[6,7] The techniques describe osteosynthesis
by either superior or anteroinferior placement of the
plate. Some authors advocate the superior plate posi-
tion as more biomechanically stable, while others
have shown good clinical results with 3-dimensional
contouring of reconstruction plates.[8] Although easi-
er to contour, reconstruction plates are mechanically
weaker.[9] Angularly stable implants have mechanical
benefits because they do not require contouring or
direct contact with the bone (Fig. 1).[10] Anatomically



pre-contoured locking plates are now available for
fixation of clavicular fractures. They are more costly
than standard dynamic compression plates (DCP)
and reconstruction plates. A recent study has shown,
while these plates fit in the medial three-fifths of the
clavicle, they do not fit as well laterally.[11]

We investigated the feasibility of using a stan-
dard 3.5 mm AO locking compression plate (LCP)
for the stabilization of mid-shaft clavicular fractures.
These inexpensive implants are more stable than the
reconstruction plates and reduce the likelihood of
implant failure.

Materials and methods
For this study, a total of 49 cadaveric clavicles were
used. We performed the following three measure-
ments for each clavicle using an osteometric board
(Fig. 2):

1. Length (L) was measured as the distance between
the sternal and acromial ends of the clavicle.

2. Acromial curvature (a) was measured as the recti-
linear distance from a line connecting the anterior
tip of the acromial end of the clavicle and the
anterior apex of its diaphyseal curve to the apex of
the concavity of the acromial end of the clavicle.

3. Diaphyseal curvature (b) was measured as the
rectilinear distance from a line connecting the
posterior aspect of the sternal end of the clavicle
with the posterior aspect of the convexity of the
acromial end to the apex of the concavity of the
medial diaphyseal curvature.

We then assessed how well four different lengths
of standard 3.5 mm AO locking compression plate
fit on all of the 49 clavicles. These included the 6-
hole (85 mm), 7-hole (98 mm), 8-hole (111 mm) and
9-hole (124 mm) plates. The plates were positioned
on the superior aspect of the clavicle so that the mid-
dle third was bridged by the plate. The clavicle was
then drilled and the plate screwed onto the bone. A
plate was accepted as a good fit if three screws could
be safely applied through either side of a mid-shaft
fracture. In the case of the presence of comminution,
or a butterfly fragment, two screws were also accept-
able when they were positioned through the middle
of the bone. We also recorded the distance (in mil-
limeters) between the plate and the bone at the medi-
al and lateral ends of the plate.

Results
Our research was performed on 49 clavicles (29 left
and 20 right). The mean length was 155±12 mm, the
mean acromial curvature was 18.1±3.7 mm and the
mean diaphyseal curvature was 12±4 mm.  
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Fig. 1. Revision of a broken AO reconstruction
plate with a 7-hole LCP. [Color figure can be
viewed in the online issue, which is available
at www.aott.org.tr]

Fig. 2. Anatomical measurements of the clavicle. The top image
shows the cranial surface of the clavicle with length (L)
and acromial curvature (a). The bottom image is of the
caudal surface of the clavicle with the diaphyseal curva-
ture (b) indicated.

L=Length



In 48 of the 49 clavicles, the optimum clavicular
plate was a 7-hole LCP, providing adequate fixation
with either two or three screws placed in the middle
of the bone on either side of a mid-shaft fracture
(Fig. 3). In only one clavicle, the shortest in this
series, the optimal fixation was achieved with a 6-
hole LCP. Interestingly, the 6-hole plate was a good
fit in 5 (10.2%) clavicles. In 37 (76%), clavicles an
8-hole LCP, and in 27 (55%), a 9-hole plate were
safely applied. 

In 17 clavicles (34.7%), the plate stood off the
superior surface of the bone medially by a mean of
2.47±1.28 mm. In 18 (36.7%) clavicles, the plate
stood off the superior surface of the bone laterally by
a mean of 2.72±1.13 mm. In 5 (10.2%) clavicles, the
plate stood off the superior surface of the bone in the
middle by a mean of 2.80 ± 1.30 mm (Fig. 4). In 49
clavicles (100%), the plate reached the acromial end,
and in 40 (81.6%), the plate reached the sternal end
of the clavicle. 

Discussion
Traditionally, fractures of the clavicle have been
treated conservatively. Early studies reported very
low rates of non-union. Neer, in a series of 2235
patients with midshaft fractures, found that only
0.13% of the patients had non-union.[2] Another non-

union rate of 0.8% was reported by Rowe in his
series of 566 fractures.[1] Hill et al. showed a 15%
rate of non-union in displaced mid-shaft fractures,
with up to 31% unsatisfactory results.[4] A study by
McKee et al. demonstrated an association between
clavicular shortening and reduced range of motion at
the shoulder, as well as reduced endurance and
strength.[5] This can be improved by a correctional
osteotomy of the clavicle, which can lead to a better
functional outcome.[12] A more unusual complication
of clavicular malunion includes thoracic outlet syn-
drome.[13,14] Robinson et al. reported on the risk fac-
tors leading to non-union.[3] They found advancing
age, female gender, fracture comminution and dis-
placement to be predictive factors of non-union.
Although another study by Nowak et al. did not
show gender as a risk factor, they confirmed lack of
bony contact on radiographs, advanced age, and
comminution as the risk factors for non-union.[15] A
review of the current literature has failed to provide
a definitive method of fixation for the fractures of
the middle-third of the clavicle.[16]

There is supporting evidence, favoring operative
treatment of clavicular fractures, particularly in high
demand patients, requiring overhead activity for
their job or sporting activities. A recent randomized
multi-center trial has demonstrated faster union,

Grechenig et al. Plating of mid-shaft clavicular fractures with straight locking compression plates 117

Fig. 3. Clavicle osteosynthesis with a 7-hole LCP. [Color figure
can be viewed in the online issue, which is available at
www.aott.org.tr]

Fig. 4. The longer plates stood off the cranial surface of the
clavicle (arrow). [Color figure can be viewed in the online
issue, which is available at www.aott.org.tr]
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improved function and patient satisfaction following
open reduction and internal fixation.[6,7]

The AO reconstruction plate can be easily con-
toured. Some authors advocate three-dimensional
contouring of this plate, with the plate contoured to
fit the acromial end on its superior surface and then
sweeping over onto the anterior surface at the sternal
end.[9] However, this technique’s main disadvantage
is the fatigue failure risk, compared to the standard
3.5 mm LCPs.

Anatomically pre-contoured locking clavicle
plates are available. They come in different shapes
and sizes for varied clavicular anatomies. In a recent
study, Huang et al. demonstrated while these plates
fit in the medial three-fifths of the clavicle, they do
not fit as well laterally.[11] Our anatomical study con-
firmed the varied shape of the clavicle in both of its
curvatures as well as its length. Data presented in
this study shows that in all of the specimens (49
clavicles) a straight, standard 3.5 mm LCP can be
applied without contouring. This technique has not
been previously described and we are not aware of
any clinical reports of its use. It requires placement
of three screws (uni- or bicortically) in the medial
and lateral ends of the clavicle, on either side of the
fracture. The 7-hole plate was sufficient in 48 of 49
clavicles (98%) with the fracture being within one
centimeter from the middle of the clavicle. In 5 of 49
clavicles (10.2%) it was possible to a use a 6-hole
plate. Comminuted fracture extending over 2 cm
could be bridged with a 8 or 9-hole plate, but inser-
tion of 3 locking screws was not possible in more
than 50% of these cases. Although it is feasible to
place only two locking screws on either side of the
fracture, there is no evidence supporting this tech-
nique in the literature. 

The limitation of the current study was that it was
performed on intact cadaveric clavicles. Further
clinical studies are required to compare the outcome
of this technique with those already established. This
technique is most suitable for the middle-third frac-
tures, which make up 76% of all fractures of the
clavicle.[17]

Clavicular shortening and malunion can lead to a
poor clinical outcome in patients with clavicular
fractures. There is a tendency to perform surgical
fixation for these fractures, especially in those who
perform a great deal of overhead activities. In prin-

ciple, the technique described here for plate
osteosynthesis of the clavicle is feasible and results
in a biomechanically strong construct for mid-shaft
fractures.[9,18] Although we did not perform biome-
chanical testing of the specimens in this study, the
biomechanical advantage of locking plates has been
previously shown.[19] With the use of this locking
plate, comminuted fractures may be bridged without
weakening the construct. However, in longer and
more curved clavicles, this technique becomes more
complicated, with increasing tendency for the plate
to stand off the bone. In these circumstances, it may
be prudent to revert to other implants, such as recon-
struction plates.
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