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Clavicle anatomy and the applicability of intramedullary
midshaft fracture fixation
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Background: This study investigated the morphologic safety and applicability of intramedullary fixation
of midshaft clavicle fractures by analyzing the pertinent clavicle anatomy using 3-dimensional computer
simulation.
Materials and methods: Computed tomography was used to scan 22 skeletonized clavicles. Computer
software was used to simulate middle-segment fracture fixation by fitting a cylindrical corridor within
the clavicle in the area that intramedullary devices normally cross during surgery. The cylindrical corridor
crossed the fracture line on both sides, and the number of cortical diameters that were bypassed was
recorded. We assumed that 1 to 2 cortical diameters had to be bypassed to achieve adequate fixation.
The medial and lateral exit points of the cylindrical corridor were measured and described in relation to
the sternoclavicular and acromioclavicular ends respectively.
Results: Simulation revealed that 15 of 22 clavicles could be bypassed by 2 cortical diameters on either
side of the midline fracture, 6 clavicles could be bypassed by 1 cortical diameter medial to the fracture line,
and 1 clavicle could not be bypassed by any cortical diameters medial to the fracture line. The medial exit
point of the cylindrical corridor was anterior in 20 of 22 cases and an average of 44.2 mm lateral to the
sternoclavicular end. The lateral exit point of the cylindrical corridor was posterosuperior in 16 of 22
cases and an average of 26.5 mm medial to the acromioclavicular end.
Conclusion: In most clavicles, straight intramedullary fixation appears to be a morphologically safe and
effective method of fixation.
Level of evidence: Basic Science Study, Anatomic Study, Imaging.
� 2012 Journal of Shoulder and Elbow Surgery Board of Trustees.
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Midshaft clavicle fractures have traditionally been
managed conservatively due to a number of early studies
that showed a remarkably low rate of nonunion, even in
displaced fractures.14,18 More recently however, several
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studies supporting operative fixation have been pub-
lished.3,22 It is currently not entirely clear which operative
method is more effective: plate and screws or intra-
medullary fixation.11,12 Intramedullary fixation results in
a smaller surgical scar, is less invasive, sometimes allows
for complete hardware removal under local anesthesia, and
has a shorter hospital stay compared with plate fixation.21

Intramedullary fixation, however, is less rotationally
stable compared with plate fixation and may cause specific
complications such as skin erosion and pin migration.
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Figure 1 The length of the clavicle was determined by measuring the line of best fit from end to end.

Figure 2 This diagram illustrates the cross sections at the
midpoint and the apices of medial and lateral curvature.
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Several intramedullary techniques have been described
in the literature, but their outcomes seem to be inconsis-
tent.12 The devices used include Hagie pins (DePuy
Orthopaedics Inc, Warsaw, IN, USA),20 Rockwood pins
(DePuy),2,5 Knowles pins (DePuy),10 Steinmann pins
(Zimmer, Warsaw, IN, USA),4 Herbert screws (Zimmer),16

and Kirschner wires (Zimmer).15 The titanium elastic nail
(TEN; Synthes, West Chester, PA, USA) is also used for
intramedullary fixation but is not as rigid as the other
devices because its flexible construct partially follows the
path of the intramedullary canal.

Given the complex shape of the clavicle, however,
introducing a relatively straight and rigid intramedullary
device may be problematic, particularly with respect to safe
passage and fracture fixation. Little data exist on the
anatomic limitations faced when a rigid intramedullary
device is used for midshaft fracture fixation. Therefore, this
study investigated the morphologic safety and applicability
of relatively rigid intramedullary devices by analyzing the
pertinent clavicle anatomy and by using three-dimensional
(3D) computer simulation.
Materials and methods

Computed tomography (CT) scans were done of 22 skeletonized
clavicles using a SOMATOM Definition AS single-source 64 slice
CT scanner (Siemens, Washington, DC, USA) at 0.600-mm slices
reconstructed to 2-mm slices using a 70f sharp filter and the
standard Siemens osteo algorithm. The resulting Digital Imaging
and Communication in Medicine (DICOM) files were imported
into Geomagic Qualify 12 (Geomagic, Research Triangle Park,
NC, USA) 3D inspection computer software.

Clavicle length, cortical diameters, cortical thicknesses, and
medullary areas at the midpoint, medial apex, and lateral apex
were measured (Fig. 1 and Fig. 2). The length of the clavicle was
determined by using a line of best fit. The cortical diameter was
defined as the greatest measured cross sectional length (Fig. 3).
The cortical thickness at each cross section was determined by
averaging 4 measurements. In addition, the area of the medullary
canal at each cross section was determined (Fig. 2 and Fig. 3).

Simulation of fixation proceeded by positioning a 2.5-mm
virtual cylindrical corridor within the clavicle in the area that
intramedullary devices cross during surgery. Modeling was based
on a number of assumptions:

1. In theory, the virtual cylindrical corridor served as a straight,
safe zone through which an intramedullary device could pass
through.

2. The midpoint of the clavicle served as the location of a virtual
fracture line.

3. We assumed that the cylindrical corridor had to bypass the
fracture site by the length of 1 to 2 cortical diameters on each
side to achieve adequate intramedullary fixation (Fig. 4 and
Fig. 5). This concept has previously been applied to intra-
medullary fixation of fractures with cortical defects.8,9



Figure 3 This diagram illustrates the method by which cortical thickness, cortical diameter, and medullary area were measured.

Figure 4 This diagram illustrates the centroid points within the medullary canal. These points were used to guide the path of the cylinder.
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4. The path of the cylindrical corridor in the clavicle was based
on a surgical technique that requires the intramedullary device
to be lodged into the anterior cortex medially (but not pene-
trate the cortex) and exit posterolaterally, away from the
vicinity of the acromioclavicular joint. Five centroid points
were established for each clavicle: 1 at the midpoint, and 2 on
either side of the midpoint, at the first and second cortical
diameter intervals (Fig. 4). The cylinder was fitted into the
digitized clavicle by using 2 medullary centroids as guiding
points. Once fitted, the length of each cylinder was increased
in both directions until the medial and lateral cortices were
perforated (Fig. 5). At this point, the length was determined
and then broken down to the length of the cylinder lateral and
medial to the midpoint. The medial and lateral exit points of
the cylindrical corridor were also measured and described in
relation to the sternoclavicular and acromioclavicular ends,
respectively (Fig. 6). The proportion of each clavicle that the
cylinder had penetrated was also recorded.

Owing to the small sample size, a Mann-Whitney test was used
to compare the medians of 2 independent groups. The Kruskal-
Wallis test was used to compare the medians of 3 groups. Data
were analyzed using Statistics Open For All (SOFA) 1.1.1 soft-
ware (Paton-Simpson Associates Ltd, New Zealand). Differences
that had less than 0.05 probability of occurring from chance
(P < .05) were considered statistically significant.
Results

The mean (min-max) length of the clavicles was 136.0 mm
(118.4-162.3 mm). At the midpoint of the clavicle, the



Figure 5 This diagram illustrates the virtual cylindrical corridor
within the medullary canal, and in this case, bypassing 2 cortical
diameters medial to the midpoint.

Figure 6 An illustration of the exit points of the cylindrical
corridor: The top graphic reflects the anterior location of the
medial exit point (red circle). The bottom graphic reflects the
posterosuperior location of the lateral exit point (red ellipse).

Table I Clavicle dimensions

Variable Results

Mean SD Min-max

Total length, mm 136.0 9.7 118.4-162.3
Midpoint
Cortical diameter, mm 11.4 1.7 8.8-14.5
Cortical thickness, mm 3.2 0.6 1.5-5.6
Medullary area, mm2 16.4 11.1 0.0-38.3

Medial apex
Cortical diameter, mm 12.4 1.4 8.7-14.3
Cortical thickness, mm 2.8 0.6 1.3-4.7
Medullary area, mm2 24.8 13.8 2.1-46.4

Lateral apex
Cortical diameter, mm 14.9 2.3 11.7-18.3
Cortical thickness, mm 3.6 0.9 1.2-11.3
Medullary area, mm2 25.4 19.7 0.0-73.0

SD, standard deviation.
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mean cortical diameter was 11.4 mm (8.8-14.5 mm), mean
cortical thickness was 3.2 mm (1.5-5.6 mm), and the mean
medullary area was 16.4 mm2 (0.0-38.3 mm2). At the
medial apex of the clavicle, the mean (min-max) cortical
diameter was 12.4 mm (8.7-14.3 mm), mean cortical
thickness was 2.8 mm (1.3-4.7 mm), and the mean
medullary area was 24.8 mm2 (2.1-46.4 mm2). At the
lateral apex of the clavicle, the mean (min-max) cortical
diameter was 14.9 mm (11.7-18.3 mm), mean cortical
thickness was 3.6 mm (1.2-11.3 mm), and the mean
medullary area was 25.4 (0.0-73.0 mm2; Table I). When the
lateral apex, midpoint, and medial apex were compared,
a difference in the medullary area was not found to be
statistically significant (P ¼ .144); however, a statistically
significant difference was found in cortical thickness (P ¼
.006) and cortical diameter (P < .001). The midpoint of the
clavicle had the smallest median cortical diameter.

Simulation of intramedullary fixation in the 22 clavicles
revealed that 15 were bypassed by 2 cortical diameters on
either side of the midline fracture. These clavicles were
referred to as group 2. On the other hand, 6 clavicles could
only be bypassed by 1 cortical diameter medial to the
fracture line, and in 1 clavicle, no cortical diameters were
bypassed medial to the fracture line. These clavicles were
referred to as group 1. Group 1 clavicles were generally
smaller than group 2 clavicles, as evidenced by a smaller
mean length as well as smaller mean and median cortical
diameters and medullary areas. These observed trends,
however, were not statistically significant (Table II).

The medial exit point of the cylindrical corridor was
anterior in 20 of 22 clavicles, anterosuperior in 1, and
anteroinferior in 1. This exit point was an average of 44.2
mm (min-max, 37.2-54.5 mm) lateral to the sternocla-
vicular end. The lateral exit point of the cylindrical corridor
was posterosuperior in 16 of 22 clavicles, superior in 2, and
posterior in 4. This exit point was an average of 26.5 mm
(min-max, 17.2-35.4 mm) medial to the acromioclavicular
end. On average, 43.8 mm (65.6%) of the cylindrical
corridor was lateral to the midpoint of the clavicle, whereas
23.2 mm (34.4%) was medial to the midpoint (P < .001;
Table III).
Discussion

Intramedullary fixation methods of midshaft fractures of the
clavicle are advantageous because they require a smaller
surgical scar, patients have a shorter hospital stay,21 the
supraclavicular nerves are preserved,17 and hardware can be
removed under local anesthesia once bone healing is
adequate. This study set out to investigate clinically pertinent
clavicle anatomy and the morphologic safety and applica-
bility of relatively straight intramedullary devices.

To achieve adequate bone fixation, we aimed at creating
a cylindrical corridor that ideally bypassed 1 to 2 cortical



Table II Dimensional comparison of the two clavicle groups

Variable Group1 clavicles (n ¼ 7)) Group 2 clavicles (n ¼ 15)y P

Mean Median Mean Median

Length, mm 132.5 138.7 137.6 137.7 .418
Cortical diameter, mm
Medial apex 11.8 11.7 12.6 12.7 .217
Midpoint 11.3 10.9 11.5 11.6 .778
Lateral apex 14.7 14.2 15.1 14.8 .972

Medullary area, mm2

Medial apex 16.6 10.5 28.6 31.3 .062
Midpoint 13.4 5.0 17.8 19.3 .307
Lateral apex 21.9 10.0 27.0 21.8 .217

) Midshaft fracture was bypassed by less than 2 cortical diameters medially.
y Midshaft fracture was bypassed by 2 or more cortical diameters medially.

Table III Simulating the fixation of midshaft fractures

Medial cortical diameters bypassed by the cylinder 0 1 2 or more
1 6 15

Mean (%) SD Min-max
Maximum length of cylinder, mm 67.0 9.5 47.4-84.8
Percentage of clavicle with cylinder inside, % 49.3 5.8 37.0-59.3
Length of cylinder lateral to midpoint, mm (%) 43.8 (65.6) 6.5 56.5-80.5
Length of cylinder medial to midpoint, mm (%) 23.2 (34.4) 5.4 34.3-57.7
Medial exit point of cylinder Anterior Anterosuperior Anteroinferior

20 1 1
Distance between SC end and medial exit point, mm Mean SD Min-max

44.2 5.8 37.2-54.5
Lateral exit point of cylinder Posterosuperior Superior Posterior

16 2 4
Distance between AC end and lateral exit point, mm Mean SD Min-max

26.5 5.3 17.2-35.4

AC, acromioclavicular; SC, sternoclavicular; SD, standard deviation.
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diameters on each side of the fracture linewithout perforating
the bone. Our surgical technique required that the intra-
medullary device exit laterally; therefore, bypassing 2
cortical diameters within the lateral fragment was always
possible. The anterior convexity of the medial curve,
however, made the task more difficult. Two cortical diame-
ters on each side of the midpoint were bypassed in 15 of 22
clavicles. The reason thiswas not achieved in the remaining 7
clavicles was likely due to their small size (Table II). Smaller
cortical diameters and medullary areas made maneuvering
the 2.5-mm cylindrical corridor a challenging task.

In clinical practice, clavicle union seems to be achieved in
most repairs that use intramedullary techniques. In a series of
16 patients treated with a Hagie pin, Strauss et al20 reported
a union rate of 100%. Boehme and Rockwood2 described
their experience using a modified Hagie pin to treat 21
patients with midshaft fracture nonunions and achieved 95%
union. More recently, however, in a series of 18 patients
treated with the Rockwood pin, Mudd et al13 reported 3
nonunions and warned against the routine use of the
Rockwood pin for the treatment of midshaft fractures due to
excessive complications. Ngarmukos et al15 used Kirschner-
wire fixation in 110 midshaft fractures using 2-mm double
Kirschner-wires. All of these fractures united and there were
no broken wires. Wire migration occurred in 3 of 110 cases,
however, and these wires had to be removed before the
fracture was completely united.15

In this analysis, we have assumed that midshaft fractures
occur at exactly the middle of the clavicle. A review of 690
clavicle fractures found that 44% of middle-third fractures
were located at the junction of the middle and lateral thirds,
and 38% were located directly in the middle third.19 The
results from this study indicate that on average, 65.6%
(43.8 mm) of the cylindrical corridor was lateral to the
midpoint, and 34.4% (23.2 mm) was medial (P < .001).
Therefore, this surgical form of intramedullary device
fixation may be more applicable in laterally oriented mid-
shaft fractures, which appear to be the most common site.19

Reaming of the clavicle is often performed when
intramedullary devices, such as the Rockwood pin, are
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used; however, this may be a challenging task given the
shape of the clavicle and the incongruence of the
medullary canal (Table I).17,18 Our results corroborate
this: we found that within the middle section of the
clavicle, the medullary canal is at times almost absent or
undetectable by CT scan, that the area of the medullary
canal is highly variable, and that the smallest area is
typically at the midpoint (but not statistically significant).
Our findings are similar to the Andermahr et al1 study: in
both accounts, the midpoint of the clavicle had the
smallest medullary area.

The quantitative aspects of the results, however, are
difficult to compare. We used CT scans and computer soft-
ware to determine the exact area of the medulla, which at
times had a highly irregular contour, whereas Andermahr
et al1 relied on the measured medullary diameter (6.7 � 2.6
mm at the midpoint). In our study, the mean area of the
medulla at the midpoint was 16.4 mm2 (min-max, 0.0-38.3
mm2) and 6 of 22 clavicles had an area of 5mm2 or less. In the
event that reaming perforates the anterior cortex or the pin
migrates medially, our results indicate that the trajectory of
thewirewill be through themedial anterior cortex away from
any vital structures, which are located inferiorly and poste-
riorly (Table III).6 In addition, the medial exit point was an
average of 44.2 mm lateral to the sternoclavicular joint.

Limitations of this study include the relatively small
number of clavicles analyzed and the lack of available
demographic and sex-related data for the specimens.
Clavicle anatomy in humans is highly variable, and sex,
age, and race can all contribute to differences in clavicle
length and thickness.1,7 Creating the cylindrical path
through the clavicle was subjectively performed, but we
used the medullary canal as a guide to do this. A further
study limitation, which is improved upon in a real surgery,
is that the flexibility of the pin or wire may allow a greater
capture of bone length, compared to the rigid simulated
cylinder used in this study.
Conclusion
We used 3D computer software to simulate intra-
medullary fracture fixation of midshaft clavicle frac-
tures. Owing to the complex shape of the clavicle, the
presented rigid form of intramedullary fixation may be
a morphologically safe and effective method of fixation
for most but not all fractures. The ideal candidate should
be a compliant patient with a large clavicle and a later-
ally oriented displaced midshaft fracture.
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