Review Article

Management of Midshaft Clavicle
Fractures in Adults

Abstract

Fractures of the clavicle are common injuries that occur across all age
groups but are most frequently seen in the young, active patient
population. Among the different types of clavicle fractures, those
occurring in the middle third of the clavicular shaft are the most
common. Historically, most of these fractures were treated by closed
means even when notable displacement was present. Recently, there
has been a renewed interest in assessing the best treatment option for
these patients. Although nonsurgical treatment is a reliable method for
treating many of these fractures, more recent data suggest that
fractures with notable displacement (>2 cm of shortening or >100%
displacement) and/or comminution have better short-term outcomes
and lower rates of nonunion with surgical management. Current
surgical options include superior plating, anterior-inferior plating, dual
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plating, and intramedullary nail fixation.

Fractures of the clavicle constitute
an estimated 2% to 10% of all
fractures in adults and are more com-
mon in younger, active individuals.! Of
these fractures, 80% occur in middle
third of the clavicle. Traditionally,
most of these fractures were treated
nonsurgically.’? Neer and Rowe each
published large-volume retrospective,
cohort studies demonstrating 0.1%
and 0.8% nonunion rates with non-
surgical management of midshaft
clavicle fractures. Rowe stated that
“nonunion occurs, but is rare” and
espoused the “excellent reparative
powers” of the clavicle with non-
surgical treatment.?3 Recently, these
numbers have been called into ques-
tion. Several studies’*7 have found a
15% to 20% nonunion rate with
nonsurgical management of displaced
midshaft clavicle fractures. In addi-
tion, these authors found that non-
surgical management of fractures
with greater than 1.5 to 2 cm of
shortening or greater than 100%
displacement leads to decreased

shoulder function and worse clinical
outcomes. 47

Over the past 10 years, a notable
number of studies have attempted elu-
cidating the optimal treatment for dis-
placed middle third clavicle fractures.
The Canadian Orthopaedic Trauma
Society (COTS) published one of the
first studies in 2007. They performed a
randomized controlled trial (RCT)
comparing nonsurgical treatment with
open reduction and internal fixation
(ORIF) in displaced midshaft clavicle
fractures. They randomized 132 pa-
tients to either nonsurgical treatment
or ORIF and found that the ORIF
patients had better outcome scores,
a shorter time to union (16.4 versus
28.4 weeks), lower rates of nonunion
(3% versus 14.2%), and lower rates of
malunion. In their study, they defined a
displaced clavicle fracture as one that
had no cortical contact between the
fracture fragments.!

Since this study, a plethora of high-
level studies have investigated surgi-
cal versus nonsurgical management
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of midshaft clavicle fractures and dif-
ferent methods of surgical fixation.
The goals of this article were to review
both surgical and nonsurgical treat-
ment options for midshaft clavicle
fractures and to evaluate the results of
the numerous studies that have been
published in the past decade to ascer-
tain the optimal treatment options for
these patients.

Patient Evaluation

The mechanism of injury for most
clavicle fractures is a fall onto the lat-
eral aspect of the shoulder. On exami-
nation, it is important to identify open
fractures and impending open frac-
tures in patients’ with notable skin
tenting. In addition, the rotator cuff
should be evaluated by examining the
patient for an external rotation lag
sign and having the patient perform
a belly press test. Furthermore, it is
critical to perform a complete neuro-
vascular assessment and evaluate the
entire upper extremity.

Standard radiographic evaluation
consists of dedicated clavicle films
in the form of an AP film and an
AP film with 20° of cephalic tilt.
Although this allows for the adequate
assessment of superior-inferior dis-
placement and comminution, Fenlin
and colleagues proposed that 45°
cephalic and 45° caudal radiographs
be obtained to better assess AP dis-
placement. They found higher inter-
observer reliability with a four-view
series in assessing fracture displace-
ment.® Using this complete film series,
the orthopaedic surgeon can accu-
rately determine the percentage of
superior displacement and amount of
shortening of the fracture fragments.
In addition, one should scrutinize
the radiographs for other potential
musculoskeletal injuries and be sure
to look at the upper lung fields for a
possible pneumothorax. In radio-
graphs that demonstrate distraction
at the fracture site, the physician

should evaluate the patient for scap-
ulothoracic dissociation.
Radiographic parameters that are
relative indications for surgical inter-
vention are greater than 2 cm of
shortening, greater than 100% of
displacement, a Z-type fracture pattern
(a comminuted fracture with a dis-
placed and rotated butterfly fragment
interposed between the major frag-
ments that can result in skin tenting),
and notable comminution.’® Nowak
et al specifically found that displace-
ment of midshaft clavicular fractures
greater than 1 bone width (ie, 100%)
was the strongest radiographic pre-
dictor of persistent symptoms and
negative sequelae in patients.®
Clavicular motion aids in abduc-
tion and forward elevation of the
arm, with most of its contribution
occurring above 90°.? With elevation
of the arm, the clavicle elevates 11°
to 15°, retracts 15° to 29°, and ro-
tates about its long axis at an average
of 15° to 31°.2 Eskola et al® made
the connection between clavicular
shortening and patient outcomes.
They found that patients who had
residual shortening greater than
15 mm had more pain and worse
outcome scores. Chan et al'® found
that clavicular malunion with short-
ening led to an altered position of the
scapula at rest, which could subse-
quently result in scapular dyskinesia.
This specific relationship between
clavicular shortening and scapular
dyskinesia was investigated by
Shields and colleagues in a cohort
study comparing patients treated
surgically versus nonsurgically. They
found that scapular dyskinesis was
present in 37.5% of their patients
and that 67% of their nonsurgical
cohort had symptomatic scapular
dyskinesia. The authors felt that the
scapular dyskinesis encountered in
the nonsurgical cohort was a direct
result of the clavicular shortening
that occurred because of nonsurgical
treatment.!! In addition, several bio-
mechanics studies have found that

clavicular shortening results in an
altered position of the scapula.!?-14
Matsumura et al'3 found that clavic-
ular shortening as little as 10%
could alter the position of the
glenohumeral joint. Clinical stud-
ies have shown that shortening
greater than 14 mm in women and
18 mm in men results in worse
functional outcomes scores and
decreased strength.®15

Treatment

Nonsurgical

Nonsurgical management of midshaft
clavicle fractures consists of sling im-
mobilization or figure-of-eight bracing
treatment. Rowe? described the meth-
ods for a figure-of-eight brace and
stated that the goal of the brace was to
elevate and extend the shoulder to
bring the distal fragment to the prox-
imal fragment. Since Rowe’s article,
several studies have compared the re-
sults of sling immobilization and
figure-of-eight bracing treatment and
found sling treatment to be supe-
rior.'®!7 Anderson et al'® found that
all fractures in their study united, but
36% of patients treated with figure-of-
eight bracing treatment were unsatis-
fied compared with only 7% in the
sling cohort. Ersen et al'” performed
an RCT comparing the figure-of-eight
bracing treatment with sling immobi-
lization and found that the figure-of-
eight brace resulted in greater residual
shortening and markedly increased
pain and as such recommended that a
sling be used for nonsurgical treatment.

Although rehabilitation protocols
may differ in subtle aspects, most
nonsurgically treated patients are al-
lowed to perform shoulder passive
range of motion, not above 90°,
between weeks 2 through 6. At week
6, strengthening is begun, and the
sling is discontinued with weight
bearing typically allowed around
three months and return to sport at 4
to 6 months from injury.’-18
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Surgical

Since the COTS study, a plethora of
studies have been conducted compar-
ing nonsurgical with surgical manage-
ment of displaced clavicle fractures.
A common finding among these stud-
ies has been a higher nonunion rate
than previously reported with nonsur-
gical management of these fractures.
Fuglesang et al'® retrospectively re-
viewed 92 patients with displaced
midshaft clavicle fractures treated
nonsurgically and had a 15.3% non-
union rate. Furthermore, 24% of pa-
tients had fair or poor Disabilities of
the Arm, Shoulder and Hand scores,
with 53% reporting residual pain at
2.7 years. One of their most impor-
tant findings was a statistically sig-
nificant correlation between patients
with greater than 100% displacement
and worse outcomes. Hill and col-
leagues reviewed 66 patients with an
average of 38-month follow-up and
found a 15% nonunion rate, with 31%
of patients reporting unsatisfactory
outcomes. They also found a signifi-
cant correlation between nonunion
and worse outcomes with initial frac-
ture shortening greater than 2 cm.
This phenomenon led them to rec-
ommend ORIF to patients with greater
than 2 c¢m of shortening on initial
radiographs.*

The results of these studies have led to
several high-level RCTs and subse-
quent meta-analyses. Table 1 (see Sup-
plemental Digital Content 1, http:/
links.lww.com/JAAOS/A125)
marizes the results of these RCTs and
meta-analyses.!7>1820-25 Although the
results are not uniform, agreement
exists among the studies on certain
outcomes, the principal of which is a
higher rate of nonunion with nonsur-
gical management of these fractures.

Before the study by the COTS, only
two RCTs compared surgical with
nonsurgical treatment.” In the COTS
study, the surgical group was treated
with a superiorly based plate, and
the nonsurgical group was treated

sum-

with a simple sling. They found that
patients in the surgical group had a
faster time to union, better outcome
scores, and higher satisfaction com-
pared with patients treated non-
surgically. Although these results are
encouraging, they also noted com-
plications including implant irrita-
tion, wound infection, and wound
dehiscence in the surgical group.!
Smekal et al>? and Judd et al>3 each
published RCTs comparing intra-
medullary fixation with nonsurgical
treatment. Judd et al*® found that
functional scores were higher only in
the surgical group at 3 weeks, with
no difference at the remaining time
points, and a markedly higher number
of complications were noted in the
surgical group. Smekal used an elastic
stable intramedullary nailing tech-
nique and found that compared with
the nonsurgical group, the elastic sta-
ble intramedullary nailing group had a
lower nonunion rate, statistically sig-
nificantly better outcomes scores, and
less residual clavicular shortening.??
In addition to a lower nonunion rate,
three recent meta-analyses showed
a trend toward better outcomes
with surgical intervention, but a nota-
ble rate of secondary surgery for
implant removal.”?*25 Appropriately,
several studies have attempted to elu-
cidate which patients will develop a
symptomatic nonunion so as to better
counsel patients. Robinson et al?®
analyzed 868 displaced clavicle frac-
tures for factors associated with non-
union. They found that the lack of
cortical apposition, female sex, com-
minution, and advanced age were
associated with an increased risk of
nonunion. Murray et al reviewed a
cohort of 941 patients with displaced
clavicle fractures and found that 125
patients went onto nonunion. After
multivariate analysis, they identified
smoking, comminution, and fracture
displacement as factors markedly
associated with nonunion. Further-
more, they found that if surgeons
treated all displaced midshaft fractures

surgically, the number needed to treat
to avoid nonunion would be 7.5 pa-
tients, but if surgeons treated only
those patients with a greater than
40% risk of nonunion, the number
needed to treat decreased to 1.7.27

Surgical Techniques

When surgical intervention is under-
taken, two general options for fixation
exist: an intramedullary nail (IMN)
or a plate and screw construct. For
both of these fixation constructs, there
are several technical considerations
that one should be aware of. Many of
these considerations have been the
subject of recent studies on the man-
agement of these fractures.?8-3% The
following paragraphs will address the
use of these two fixation constructs
and the technical considerations that
are associated with them.

Plate and Screw Fixation

If plate fixation is chosen for surgical
management of these fractures, there
are several technical considerations,
which include plate size, precontoured
plate versus reconstruction plate,
superior versus anterior-inferior plate,
and single plate versus dual plates.

Plate Size

Most commonly, a 3.5-mm plate (ie,
dynamic compression plate or recon-
struction plate) is used for the fixation
construct. Galdi et al33 investigated
whether a 2.7-mm plate could be used
by comparing the results of a 2.7-mm
plate versus a 3.5-mm plate. They
found no difference in time to union,
nonunion rates, or outcome scores at
1 year and had a decreased rate of
implant removal compared with the
3.5-mm plate. Gilde et al3* found
an increased rate of implant failure,
malunion, and nonunion when a
2.7-mm reconstruction plate was used.
However, in those fractures treated
with a 2.7-mm dynamic compression
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plate, the outcomes were good with
low rates of failure and nonunion.

Precontoured Plates

Several studies have demonstrated
advantages to precontoured plating
systems, with similar biomechanical
strength, decreased implant irritation,
decreased implant removal, and
improved cosmesis compared with
reconstruction style plates.33-37 Stud-
ies by Malhas et al’¢ and Rongguang
et al®’ found that even with the use of
precontoured plates, there are higher
rates of implant irritation and sub-
sequent removal in female patients
and patients with a lower body mass
index. Malhas et al*® recommended
the use of systems that have more
plate options because they result in a
better contoured fit in most patients.
As such, if superior plating is used,
precontoured plating systems should
be strongly considered.

Plate Position: Superior
Versus Anterior-inferior

When performing plate and screw fix-
ation for ORIF, the two common plate
positions are superior and anterior-
inferior. Several biomechanical stud-
ies have recently compared the strength
of these two constructs.3843 A major
advantage to superior plating is that
for most fracture patterns, the plate is
on the tension side of the fracture.
Meanwhile, the major advantages
of anterior-inferior plating are that
longer screws can be placed, the
screws can be directed away from
vital structures, and the construct is
rotationally stronger.3%43 In one of
these first studies, Iannotti et al38
created midshaft clavicle fracture
models with a transverse osteotomy.
They found that a superior plating
technique resulted in the strongest
biomechanical construct and rec-
ommended superior plating for
displaced midshaft fractures. Recent
studies have found more mixed re-
sults. Several of these biomechanical

Preoperative (A, B) and postoperative (C, D) radiographs of a 26-year-old man
who sustained a displaced midshaft clavicle fracture that was treated with a
superior precontoured plate construct with an interfragmentary lag screw. The
patient had uneventful postoperative course and went onto union.

studies have compared superior
with anterior-inferior plating. The
results of these studies are summa-
rized in Table 2 (see Supplemental
Digital ~ Content 2,  http://
links.lww.com/JAAOS/A126).
Toogood et al*! and Pratal et al*3
used synthetic clavicles to compare
the biomechanical strength of supe-
rior versus anterior-inferior plating.
They ultimately found that anterior-
inferior plates resisted cantilever
bending best, which is in contrast to
Celestre et al who found superior
plating to be the best in resisting
these forces.*%#1:#3 Favre et al*?
performed a finite element analysis
in which they found that anterior-
inferior plating resulted in deforma-
tion that was similar to the intact
clavicle and recommended anterior-
inferior plating for all patients except
those who would be returning to
activities that had a higher risk of
shoulder impact (Figures 1 and 2).
From a clinical standpoint, studies
have focused on implant failure,
removal, and irritation when com-
paring the two plating techniques.
Sohn et al** performed an RCT
comparing the techniques and found
no differences in implant irritation,

outcome scores, or time to union
(16.8 versus 17.1 weeks). Hulsmans
et al*’ found an equal rate of implant
removal between the groups and no
difference in implant-related irrita-
tion between the two techniques.
Collinge et al*® found a low rate
of complications and symptomatic
implant, along with excellent out-
come scores in their series of 80
patients who underwent anterior-
inferior plating. They concluded
that fracture pattern should dictate
the plate position. Independent of plate
position, the surgeon can attempt to
decrease implant irritation through a
meticulous dissection that main-
tains a platysma fascial layer that
can be closed over the plate at the
end of the case.

Dual Plating

In recent years, dual plating for dis-
placed midshaft clavicle fractures
has attracted an increasing amount
of attention in the literature. Most
describe the use of a 2.7-mm or
3.5-mm reconstruction style plate
placed anterior-inferior with a 2.0-mm
or 2.4-mm mini-fragment style plate
placed superior. This is thought to
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Radiographs (A, B) of a 49-year-old right-hand-dominant man who sustained a
comminuted left midshaft clavicle fracture. The patient underwent anterior-
inferior plating (C, D) using a 2.7-mm reconstruction style plate and a 2.0-
mm mini-fragment plate fixation for provisional reduction.

Figure 3

>
5

Radiographs (A, B) of a 43-year-old right-hand-dominant man who sustained a
comminuted left midshaft clavicle fracture. The patient underwent dual plate
fixation (C, D) using a superior 2.7-mm reconstruction style plate with a second
anterior-inferior plate and 2.0-mm interfragmentary lag screw fixation.

create a stiffer construct and results in
decreased implant irritation because
smaller plates are used.*”-#*° Prasan
and colleagues reviewed a cohort of

patients treated with dual plating. In
addition, they performed a biome-
chanical study with synthetic clavi-
cles comparing dual plating with

superior and anterior-inferior plat-
ing. There were no nonunions, and
union occurred at an average of
14.7 weeks with good to excellent
outcome scores. In addition, they
had no cases of implant removal or
irritation at 1 year. In their biome-
chanical arm, no differences were
noted between the techniques in re-
sisting axial or torsional loads, but
dual plating was better at resisting
superior loads compared with supe-
rior plating, and dual plating was
better at resisting anterior loads
compared with anterior-inferior
plating.#” Chen et al*® compared
radiographic outcomes in patients
treated with dual plating with pa-
tients treated with a single superior
or anterior-inferior plate. They found
100% union in the dual plating group
compared with 91% in the single
plate group. Furthermore, at 1 year,
there were no cases of implant remo-
val or irritation in the dual plating
group. The low rate of implant irri-
tation was reproduced in a study by
Czajka et al,** who found a 3.7%
rate of implant irritation and remo-
val in patients treated with dual
plating. Although many options
exist between plating techniques,
surgeons should balance patient
characteristics, activity levels, and
surgeon comfort when choosing the
optimal technique for each patient
(Figure 3).

Intramedullary Nailing

If the decision is made to use an IMN
for fixation, several technique op-
tions exist, depending on the nail
design. A percutaneous approach can
be used for some, with a 1-cm incision
made 1 to 2 cm lateral to the sterno-
clavicular joint. The lower edge of the
cortex can be opened with a 2.5-mm
drill and widened as necessary with
an awl. Before passing the IMN,
reduction is obtained. Should closed
reduction be unsuccessful, the next
step is percutaneous reduction,
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followed by open reduction. The
IMN should be passed across the
fracture site and advanced to the lat-
eral cortex, with the medial end cut
just below the skin. Another option
uses an open approach centered over
the fracture site. Once the fracture site
is identified and delivered into the
surgical wound the medial fragment,
and subsequently, the lateral frag-
ment is drilled and tapped through
the fracture ends. When drilling the
lateral fragment, the drill is advanced
through the posterolateral cortex ata
point that is in line with the coracoid.
The nail is inserted first into the lat-
eral fragment, the fracture is reduced,
and then it is advanced into the
medial fragment. Typically, a nail
between 2.0 and 3.5 mm is used, with
the goal being an IMN that is 30% to
40% of the midshaft medullary
diameter.’® Most IMNs today are
elastic titanium nails, but in the past,
Hagie pins or Kirschner wires were
used.223:2931,50,51  TMN  removal
and time of removal is variable
between studies, but Mueller et al°°
advocated removing all IMNs at
6 months (Figure 4).

The use of IMNs has the potential to
be a minimally invasive procedure,
and RCTs have shown them to be
superior to nonsurgical management
in the prevention of nonunion.?>?3
The major question in discussing
an IMN for surgical management
of midshaft clavicle fractures is
as follows: how does it compare
with ORIF using a plate and screw
construct?

Plate and Screws Versus
Intramedullary Nails

Several preclinical studies have com-
pared the biomechanical strength of a
plate and screw construct versus an
IMN.30-32 Both Zeng et al3® and Ni
et al3? performed finite element
analyses comparing plate and screws
with flexible IMNs. Zeng et al3°
found that the IMN had the greatest

Preoperative (A) and postoperative (B, C) radiographs of a 28-year-old man who
sustained a displaced midshaft clavicle fracture that was treated with an
intramedullary nail (IMN). The patient had uneventful postoperative course
without implant irritation and planned removal of the IMN at 6 months
postoperatively.

displacement and implant stresses
with axial loads and cantilever
bending, but although the plate was
better at resisting these forces and
less likely to fail, the IMN lead to
more physiologic stress distribution.
This is in comparison to Ni et al,3?
who found that plate and screws
provided an even stress distribution,
and as such, they recommended
plate and screw fixation over intra-
medullary nailing. Wilson et al3!
compared intramedullary nailing
with superior plating and found that
at physiologic loads, the superior
plate was better at resisting torsional
and axial loads than the IMN.

In clinical studies, both van der
Meijden et al?® and Andrade-Silva
et al*® performed RCTs comparing
superior plating with intramedullary
nailing. van der Meijden?® found
that the plate group had less dis-
ability at 6 months from surgery and

that 74% of the IMN cases that
started percutaneous had to be con-
verted to open reduction. In addi-
tion, 31 patients in the IMN group
and five patients in the plate group
reported implant irritation that
required removal. Interestingly, 10%
of the IMN group was converted to
the plate group because of inability
to pass the nail into the lateral aspect
of the fracture. Andrade-Silva et al?®
found no difference in time to union
or complications, but 40% of the
patients in the IMN group compared
with 14% in the plate group re-
ported implant irritation. Other
studies have found similar results
with comparable time to union,
outcomes, and high rates of implant
irritation with IMNs.*531 This is an
important point with IMNs because
it is standard for IMNs to be removed
and as such result in a second surgery
for the patient.
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Postoperative Rehabilitation

Postoperative protocols differ from
surgeon to surgeon and among the
different studies. In general, patients
are given a sling for comfort for the
initial 7 to 10 days, followed by the
institution of range of motion ex-
ercises that limit forward elevation to
90° for 2 to 6 weeks. At 6 weeks, if
clinical and radiographic examina-
tions show signs of healing, the
patient is allowed to begin strength-
ening exercises with the resumption
of weight bearing at 3 months. Pa-
tients are typically allowed to return
to sport at 4 to 6 months, depending
on how their rehabilitation has pro-
gressed. For patients who undergo
intramedullary nailing, the nail is
typically removed at 6 months and as
such results in a second surgery.
However, this is highly variable de-
pending on both the type of activity
and surgeon preference.

Complications

Both nonsurgical and surgical treat-
ment have well-documented compli-
cations. Symptomatic nonunion and
malunion of the clavicle are the two
most common complications of non-
surgical management, with symptom-
atic nonunion occurring in 14% to
24% of patients.!>19:21:26:2752 \With
surgical management, common com-
plications include supraclavicular
numbness from iatrogenic injury to
branches of the supraclavicular nerve,
superficial and deep infection, implant
irritation, revision surgery, and non-
union.*>49:33:54 Leroux et al>3 exam-
ined the revision surgery risk of a
cohort of 1,350 patients who had
undergone ORIF with at least 2 years
of follow-up. They found an overall
24.6% revision surgery rate, with low
rates of nonunion (2.6%), malunion
(1.1%), and infection (2.6%). In their
study, the most common reason for
revision surgery was implant irrita-
tion. They reported a lower rate of

other less common complications such
as pneumothorax (0.01%) and neu-
rovascular injury (0.003%). When
examining all patient demographics,
they found an increased rate of com-
plications in patients with increased
comorbidities. Female patients had the
highest risk of secondary surgery for
implant removal because of implant
irritation at an average time of
12 months from index surgery.

Naimark et al>* reported similar
findings with implant irritation. They
had a 12.7% rate of implant removal
for implant irritation and a 1% revi-
sion ORIF rate with female patients
being four times as likely to undergo
plate removal for symptomatic im-
plant. Overall, the rate of implant
irritation from any form of surgical
fixation ranges from 3.7% to 40%,
with the lowest rates of implant irri-
tation and removal reported with dual
plating techniques.?8-2%-43,53,54

Summary

There has been a notable amount of
literature generated over the past
decade on the optimal approach to
treating displaced midshaft clavicle
fractures in adults. We now know
that the rate of nonunion with non-
surgical treatment is higher than
previously thought. This knowledge
does not mean that all patients
with displaced midshaft clavicle
fractures should have surgical fixa-
tion. Although a few studies have at-
tempted to identify the patient who
will go onto a symptomatic non-
union, this is an area of the literature
that is markedly lacking. Thus, for
patients with midshaft clavicle frac-
tures that are shortened greater than
2 cm, displaced greater than 100%,
are highly comminuted, or have a
Z-type pattern, surgical intervention
should be heavily considered. For
cases in which surgical management
is undertaken, the outcome results of
plate and screw fixation versus in-

tramedullary nailing are similar, and
as such, surgeons should perform the
procedure they are most adept and
comfortable with. For female patients
and patients with a low body mass
index, either a precontoured plate or
dual plating technique should be
considered, although more prospec-
tive studies are still needed on dual
plating to see whether it can perform
superior to the other plating tech-
niques while maintaining a low implant
irritation rate and high union rate.
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