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Abstract

Background: Jones fractures occur in the relatively avascular metadiaphyseal junction of the fifth metatarsal (MT), which
predisposes these fractures to delayed union and nonunion. Operative treatment with intramedullary (IM) screw fixation is
recommended in certain cases. Incorrect screw selection can lead to refractures, nonunion, and cortical blowout fractures.
A better understanding of the anatomy of the fifth MT could aid in preoperative planning, guide screw size selection, and
minimize complications.

Methods: We retrospectively identified foot computed tomographic (CT) scans of | |9 patients that met inclusion criteria.
Using interactive 3-dimensional (3-D) models, the following measurements were calculated: MT length, “straight segment
length” (distance from the base of the MT to the shaft curvature), and canal diameter.

Results: The diaphysis had a lateroplantar curvature where the medullary canal began to taper. The average straight
segment length was 52 mm, and corresponded to 68% of the overall length of the MT from its proximal end. The medullary
canal cross-section was elliptical rather than circular, with widest width in the sagittal plane and narrowest in coronal plane.
The average coronal canal diameter at the isthmus was 5.0 mm. A coronal diameter greater than 4.5 mm at the isthmus
was present in 81% of males and 74% of females.

Conclusion: To our knowledge, this is the first anatomic description of the fifth metatarsal based on 3-D imaging.
Excessive screw length could be avoided by keeping screw length less than 68% of the length of the fifth metatarsal. A
greater than 4.5 mm diameter screw might be needed to provide adequate fixation for most study patients since the
isthmus of the medullary canal for most were greater than 4.5 mm.

Clinical Relevance: Our results provide an improved understanding of the fifth metatarsal anatomy to guide screw
diameter and length selection to maximize screw fixation and minimize complications.

Keywords: Jones fracture, proximal fifth metatarsal fracture, anatomy, radiographic study, intramedullary screw fixation,
complication

Fracture of the proximal fifth metatarsal is a common injury,
and its treatment is largely determined by the anatomic
location of the fracture. Zone 1 includes the proximal can-
cellous tuberosity with an abundant blood supply, and frac-
tures in this region reliably heal with nonoperative
treatment.” Zone 2 represents the metadiaphyseal region
and is the location of the fracture first described by Sir
Robert Jones in 1902.° This region has a relatively poor
blood supply and as a result is at increased risk of delayed
union or nonunion.>* Zone 3 represents the proximal diaph-
ysis and fractures in this region are commonly diaphyseal
stress fractures.

Operative indications are not universally agreed on,
however there is evidence to support intramedullary com-
pression screw fixation in specific subsets of patients. These
include acute zone 2 fractures in the competitive athlete and

zone 2 fractures with delayed union or nonunion in the gen-
eral population.'**'® In addition, a zone 3 fracture with
clinical and radiographic evidence of delayed union or non-
union is an indication for operative treatment.'*"”

While intramedullary screw fixation of proximal fifth
metatarsal fractures generally achieves favorable results,
there are known complications. In previous studies, many
of these complications have been attributed to improper
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selection of screw length and diameter. Delayed union, non-
union and refracture have been associated with inadequate
screw diameter and biomechanical studies have shown
increased screw pullout strength with larger diameter
screws.*'®!® On the other hand, use of a large diameter
screw in a relatively narrow medullary canal can result in
iatrogenic longitudinal fractures.'’

The challenge in choosing an appropriate screw length is
related to the characteristic lateroplantar shaft curvature of
the fifth metatarsal. Early descriptions of the intramedullary
screw fixation technique recommended use of the longest
screw that fits into the medullary canal.’ However, use of a
screw with excessive length has been shown to cause
straightening of the bone and resultant lateral cortical gap-
ping at the fracture site, which increases risk of delayed
union and nonunion.”'” In addition, excessive screw length
can result in perforation of the medial cortex.’

While a complete understanding of the fifth metatarsal
anatomy is critical in proper selection of an intramedullary
screw, no study has fully defined its dimensions and the
location of the shaft curvature or bow. Some previous bio-
mechanical studies have measured canal diameters with
plain radiographs. These studies reported on small numbers
of cadavers and measured the canal diameter at only one
point along the length of each specimen.'®"" The most com-
prehensive description of the fifth metatarsal anatomy was
a cadaver study that involved sectioning 20 specimens and
making canal diameter measurements at 3 locations (proxi-
mal, middle, and distal).” No study has used 3-dimensional
(3-D) imaging to define the anatomy nor identified the loca-
tion along the length of the fifth metatarsal at which the
lateroplantar curvature occurs.

In this study, we present a detailed anatomic description
of the fifth metatarsal based on 3-D computed tomography
(CT) and plain radiographs. The average sagittal and coro-
nal canal diameters as well as the average length of the fifth
metatarsal and the average distance from the tip of the
tuberosity to the origin of the curvature were determined.
This information could be used to guide selection of screw
diameter and length, in order to obtain rigid endosteal
thread purchase while minimizing intraoperative and post-
operative complications such as cortical perforation, blow-
out fractures, and lateral fracture site distraction during
screw insertion and refractures.

Materials and Methods

After appropriate institutional review board approval, con-
secutive foot CT scans obtained at our institution between
2006 and 2013 were reviewed. CT scans of patients were
excluded if they had prior surgery or injury to the fifth
metatarsal, Charcot arthropathy, or any midfoot or forefoot
fractures, dislocations or deformity that disrupted the nor-
mal relationship of the fifth metatarsal with the foot. Scans

of 119 patients met inclusion criteria and were utilized for
this study. The indication for the foot CT scans in all 119
patients was for evaluation of hindfoot fractures. All scans
included the entire fifth metatarsal. Seventy-four of the
study patients had non-weight-bearing, adequate digital
plain radiographs of the ipsilateral foot and were analyzed.
The mean age of our study population was 44 + 16 years.
Seventy-three patients were male (age 41 + 15) and 46 were
female (age 49 + 15). The mean age of the 74 patients with
adequate plain radiographs of the ipsilateral foot was 44 +
16 years.

Each of the CT scans of our study cohort was exported
from picture archiving and communication system (PACS,
GE Healthcare, Barrington, IL) to the VitreaCore Version:
6.5.3046.1 Software (ViTAL, A Toshiba Medical Systems
Group Company, Minnetonka, MN). Interactive 3-D mod-
els were rendered from the 2-dimensional (2-D) CT cross-
sectional images. These 3-D models were studied to better
characterize the morphology and the curvature of the meta-
tarsal, and determine average medullary canal diameter of
the fifth metatarsal. The plantar surface (soft tissue) of
each foot was used as a reference line to determine the
coronal and sagittal planes of the fifth metatarsal. The
plantar surface corresponded to the coronal plane and the
sagittal plane perpendicular to it. The 3-D models were
cross-referenced to the 2-D axial, reformatted coronal, and
sagittal images. Measurements were performed on the
cross referenced 2-D axial, coronal, and sagittal images
and confirmed using the 3-D models to ensure that appro-
priate points were being measured. Two senior orthopaedic
surgery residents performed all measurements using the
protocol created and reviewed by a fellowship trained
orthopaedic foot and ankle surgeon.

These 3-D models were also viewed in a transparent
mode, which allowed for detailed evaluation and mapping of
the medullary canal (Figure 1). The medullary canal was iso-
lated and analyzed independently (Figure 1). Furthermore,
cross-sectional reconstructions in the plane orthogonal to the
longitudinal axis of the fifth metatarsal were created to mea-
sure the dimensions of the medullary canal.

The length of the bone was measured. The origin of the
shaft curvature (referred to as “bow” or “curvature” for the
remainder of this article) was determined in the coronal
and sagittal views by drawing parallel lines along inner
cortices from the proximal to distal shaft. The origin of the
curvature was noted to correspond to the point where the
parallel lines come in contact with the medullary bone cor-
tex. The distance separating each set of parallel lines was
the same as the maximum canal diameter for the metatar-
sal. The goal of this study was to determine the effective
contact point of the shaft curvature when the maximum
diameter screw is used. When a smaller diameter is used,
the effective contact point was noted to be more distal by
only a few millimeters.
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Figure 1. CT scan interactive 3D model rendering of the foot showing the characteristic lateroplantar curvature of the fifth
metatarsal: viewed in normal mode (A), viewed in transparent mode with enhancement of the medullary canal (B), and isolated fifth

metatarsal viewed in the transparent mode (C).

In the coronal plane, the origin of the shaft bow was
found to correspond to the point where the parallel line inter-
sects the distal inner medial cortex (Figure 2). Conversely, in
the sagittal plane, the origin of the curvature was found to
correspond to the point where the parallel line intersects the
distal inner dorsal cortex (Figure 2). The distance from the
tip of the MT base to the bow (referred to as the “straight
segment length” for remainder of this article) was then mea-
sured both in the coronal and sagittal planes. The location of
the shaft curvature was also verified using the 3-D interac-
tive models. The coronal and sagittal medullary canal diam-
eters at the bow and 40 mm from the tip the base of the
metatarsal were measured using the cross referenced 2-D
imaging as shown in Figure 2. The 40 mm distance was cho-
sen because a Jones fracture, as described by Sir Robert
Jones, occurs approximately three-fourths of an inch
(approximately 19 mm) from the base.® Relative to the base
of the fifth metatarsal, 40 mm is twice the distance from
where Jones fracture occurs. As such, intramedullary screw
fixation of a Jones fracture with a 40 mm screw length that
has an optimal width should provide adequate compression
at the fracture site, as all the screw threads (typically 16 mm)
should engage the bone distal to the fracture site.

Similar measurements as described above were per-
formed on the available plain radiographs. These measure-
ments were performed on the anteroposterior (AP), oblique,
and lateral views of the foot (Figure 3). The metatarsal
length, the bow length, and corresponding medullary canal
diameters at the curvature and 40 mm were measured.

Statistical Analysis

Statistical analysis was performed using Stata 10 Statistical
Software (StataCorp, College Station, TX). Unpaired
Student’s ¢ tests with an alpha level of .05 were performed
to assess differences in CT scan measurements between
males and females and differences in measurement between
CT scans and plain radiographs. Pearson’s product-moment
correlation coefficient was calculated to assess correlation
between CT scan and plain radiographic measurements.

Results

Measurements for the study cohorts are shown in Table 1.
The mean straight segment length for the study cohort was
51.9 £ 44 mm (range, 43-68). The average ratio of the
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Figure 2. Cross referenced 2D CT scan of the fifth metatarsal showing how measurements were performed in the coronal (A),
sagittal (B), and axial (C) planes. B, bow; CD, coronal diameter; ML, metatarsal length; SD, sagittal diameter; SSL, length from tip to

bow (straight segment length).

straight segment length to metatarsal length was 0.68 (68%;
range, 57-76%). The isthmus of the medullary canal of the
fifth metatarsal was at the bow. The cross section of the
medullary canal was elliptical rather than circular, with the
widest diameter in the sagittal plane and narrowest in the cor-
onal plane. The mean coronal diameter at the bow and at 40
mm from the tip was 5.0 £ 0.9 and 5.1 + 0.8 mm, respec-
tively. The mean sagittal diameter at the bow and at 40 mm
from the tip was 6.7 £ 1.0 and 7.0 £ 1.1 mm, respectively.

Subgroup Analysis

Age. The mean age of male patients (n = 73) was 41 years
and of female patients (n = 46) was 49 years. There was no
correlation between age and straight segment length (» =
—.080) or age and canal diameter (» = —.010), as shown,
respectively, in Figures 4 and 5.

Gender. Gender-specific measurements for the study cohort
are shown in Table 2. The straight segment length for males
was significantly longer compared to females, 53.3 + 4.3
mm versus 49.7 £ 3.0 (P < .001); however, the ratio of
straight segment length to MT length remained constant,
68.3% versus 68.4% (P =.796). Male cohorts also had sig-
nificantly wider coronal canal diameter compared to female
cohorts both at the curvature and at 40 mm from the tip, 5.2
+ 0.9 mm versus 4.8 £ 0.7 mm (P =.011) and 5.3 £ 0.9 mm
versus 4.8 = 0.7 mm (P = .001), respectively.

Among males, 81% and 82% of patients had a coronal
canal diameter greater than 4.5 mm at the bow and at 40
mm, respectively. Among females these values were 74%

and 74%, respectively (Table 3). The difference for both
genders in our study group was not statistically significant
(P=.301).

CT Scans Versus Plain Radiographs

When CT scan measurements were compared to plain
radiographs, it was noted that the plain radiographs overes-
timated the measurements. Table 4 provides a detailed
comparison of CT scan to plain radiograph measurements.
The canal diameter measurements at bow and at 40 mm on
the lateral view plain radiographs, compared to sagittal CT
measurement, were significantly higher (P = .033 and P =
.001, respectively). However, there was no significant dif-
ference in our study cohort between canal diameter mea-
surement at bow and at 40 mm for AP view plain
radiographs compared to coronal CT measurement (P =
472 and P = .137, respectively). The AP radiographs were
found to most accurately approximate the CT scan mea-
surements. The correlation coefficient () of the AP straight
segment length compared to CT straight segment length
was .534 (Figure 6). The correlation coefficient (r) of the
AP diameter compared to CT coronal diameter at the bow
was .716 (Figure 7).

Discussion

Our study defined the specific anatomy of the fifth metatar-
sal based on CT scan data from 119 patients. The fifth meta-
tarsal diaphysis had a lateroplantar curvature. The medullary
canal tapered from proximal to distal with the isthmus at the
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Figure 3. Plain radiographs of the fifth metatarsal showing how measurements were performed in the anteroposterior (A), oblique
(B), and lateral (C) views. B, bow; ML, metatarsal length; SSL, length from tip to bow (straight segment length).

origin of the curvature. The medullary canal cross-section
was not circular, but rather elliptical. It was wider in the
sagittal plane than in the coronal plane. In our study popula-
tion, the average metatarsal length was 76 mm and the aver-
age length from the tip of the base of the fifth metatarsal to
the origin of the curvature (straight segment length) was 52
mm. On average, the straight segment of the fifth metatarsal
constituted approximately 68% of the overall length of the
metatarsal.

There is a dearth of literature describing the anatomy of
the fifth metatarsal. In the one prior relevant study,
Ebraheim et al studied 20 cadaveric fifth metatarsal speci-
mens and measured medullary diameter directly with cali-
pers.” Interestingly, this study stated that the mediolateral
diameter at each location was greater than the dorsoplantar
diameter. This is contrary to our findings in which the sagit-
tal diameter was greater than the coronal diameter at all
points along the length of the metatarsal. The apparent
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Table 1. Summary Data of CT Measurements.

Mean SD 95% ClI Range
Overall length (mm) 76.0 5.6 75.0-77.0 59.0-93.0
Straight segment length (mm)* 51.9 44 51.1-52.8 43.0-68.0
Ratio of straight segment length to 68.4 34 67.8-69.0 56.6-76.0
overall length (%)
Canal diameter at 40 mm proximal (mm)?
Coronal 5.1 0.8 5.0-5.3 3.0-7.5
Sagittal 7.0 I.1 6.8-7.2 4.0-10.5
Canal diameter at bow (mm)
Coronal 5.0 0.9 4.9-5.2 3.1-8.0
Sagittal 6.7 1.0 6.5-6.9 4.0-9.3
*Measurement made with respect to proximal tip of fifth metatarsal.
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Figure 4. A graph showing that there was no correlation
between age and CT scan straight segment length (r = —.080).

reversal of this relationship can likely be explained by the
methodology used in the prior study. In that study, the fifth
metatarsals were evaluated in isolation from the rest of the
cadaveric foot. It is likely that the usual anatomic orientation
of the metatarsal was not recreated during measurements.
Therefore, the presumed mediolateral and dorsoplantar axes
did not correspond to the anatomic coronal and sagittal
planes. This would also explain why the study did not iden-
tify a plantar curvature on their presumed lateral projection
radiographs. Their finding is contrary to the previously
reported plantar lateral curvature,” that was confirmed by
our study. In addition, this study did not attempt to identify
the longitudinal location of the curvature, which is equally,
if not more important than medullary canal diameter in oper-
ative planning.

The typical Jones fracture occurs about 19 mm distal to
the proximal tip of the fifth metatarsal.® Intramedullary
placement of a 40 mm partially threaded screw will allow
the screw threads (at distal 16 mm of the screw) to be

Figure 5. A graph showing that there was no correlation
between age and CT scan canal diameter (r = —-.010).

distal to the fracture site with about 5 mm margin for error.
In addition, a 40 mm screw would end proximal to the
curvature in all 119 patients included in our cohort.
Therefore, a 40 mm screw is a safe screw length that may
eliminate concerns of lateral cortical fracture gapping and
medial cortical perforation. However, patient specific pre-
operative templating may allow for a longer screw length
in patients with longer fifth metatarsals. Based on our
findings, a screw length that is less than 68% of the length
of the fifth metatarsal will avoid engaging the shaft curva-
ture in most patients. While location of curvature was not
accurately determined on radiographs (r = .567), the AP
and oblique radiograph measurements of full metatarsal
length did correlate well with 3D imaging (» = .800, .810).
The location of curvature can be estimated by subtracting
10% (specific for our institution, but institution depen-
dent) of radiographic measured length (average magnifi-
cation error for study patients despite automatic
magnification correction) and calculating 68% of the
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Table 2. Gender-Specific CT Measurement Data.

Male (n = 73) Female (n = 46) P Value

Overall length (mm) 78.1 £5.2 (67-93) 72.7 + 4.6 (59-82) <.001
Straight segment length (mm)® 53.3 £ 4.6 (43-68) 49.7 + 3.0 (43-56) <.001
Ratio of straight segment length 68.3 + 3.8 (57-76) 68.4 + 2.7 (60-76) .796

to overall length (%)
Canal diameter at 40 mm proximal®

Coronal 5.3+0.9 (3-7.5) 4.8 £ 0.7 (3.5-6) .001

Sagittal 74 = 1.1 (4-10.5) 6.5+ 0.7 (4.5-8) <.001
Canal diameter at bow

Coronal 52+09(3.1-8) 4.8 £ 0.7 (3.5-6) 0l1

Sagittal 7.0 1.1 (4-9.3) 6.2+0.7 (4.8-74) <.001

*Measurement made with respect to proximal tip of fifth metatarsal.

Table 3. Percentage of CT Coronal Diameter Greater Than
4.5 mm.

Male (%) Female (%) P Value
Diameter at 40 mm 82 74 .3005
from tip®
Diameter at the bow 8l 74 3915

*Measurement made with respect to proximal tip of fifth metatarsal.

resulting value. This can be used as an upper limit for
screw length.

While we recommend that screw length should end prox-
imal to the bow of the fifth metatarsal to avoid complica-
tions, it is necessary to select larger screw diameters than
have been historically used to gain rigid fracture fixation and
stability. Screw diameters of 4.0 and 4.5 mm are the most
commonly reported in the literature.”'>'>'“!* However,
based on our data this screw diameter will likely be inade-
quate to achieve endosteal fixation. Among males in our
cohort, 82% had a coronal diameter (which was the narrow-
est diameter) greater than 4.5 mm when measured at 40 mm
distal to proximal tip. In addition, 81% of patients had a
coronal diameter greater than 4.5 mm at the isthmic bow. In
females these values were 74% and 74%, respectively.

The necessity for larger screw diameters may initially
seem at odds with the previously published literature. A bio-
mechanical study by Horst et al comparing the torque resis-
tance of a 5-mm versus 6.5 mm intramedullary screw found
that there was no significant difference. However, the 5 mm
screws were on average 10-mm longer than the 6.5 mm to
achieve similar fixation.” The 5 mm screws with the longer
length engaged the curvature and subsequently caused lat-
eral fracture site distraction while the 6.5 mm screws
achieved fixation proximal to the curvature. Another bio-
mechanical study by Shah et al did not find that increasing
screw diameter from 4.5 mm to 5.5 mm increased fixation
rigidity in a fifth metatarsal fracture cadaver model."

However, the authors stated that fixation was achieved by
engaging the medial cortex at the curvature. There was no
information stating whether or not lateral cortical fracture
gapping occurred.

Our data suggest that screw diameter greater than 4.5
mm will be necessary for most patients. However, it is more
difficult to recommend the optimal screw diameter that will
achieve stable fixation while avoiding longitudinal cortical
blowout fractures. In a cadaveric study by Orr et al, fifth
metatarsals that were radiographically templated and found
to have a medullary canal diameter of 4.0 to 4.5 mm
received a 5.0 mm diameter intramedullary screw.
Conversely, fifth metatarsals that had canal diameters
greater than 4.5-mm canal diameter received a 6.0 mm
diameter screw. There were no cases of canal blowout or
longitudinal fracture using this protocol."" We recommend
individual preoperative templating, with particular reliance
on the AP projection, which best approximates the coronal
medullary diameter and had the greatest correlation to 3D
imaging (» = .753; Figure 7). Furthermore, we believe it is
prudent to predrill and tap the medullary canal prior to
insertion of the screw, to minimize canal hoop stress.

All images used for this study were non-weight-bearing.
As such, one can assume that the orientation of the fifth
metatarsal would change slightly with weight-bearing.
However, the overall dimension and morphology of the
bone would remain unchanged. In clinical practice, non-
weight-bearing radiographs are used preoperatively to eval-
uate and intraoperatively for fixation of Jones fracture.

A “high and inside” starting point that is just medial to
the tip of the base has been described to maximize screw
length prior to engaging the shaft curvature. However, we
found the tip of the base to be the most reproducible refer-
ence point. Thus, all length measurements were made in
reference to the tip of the base of the fifth metatarsal.
Therefore, it should be noted that using this particular refer-
ence as a starting point may not provide the most collinear
screw trajectory.
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Table 4. Comparison of CT and Radiograph Measurements.

Correlation Coefficient P Value

Mean (mm) (r) (CT vs Radiograph) (CT vs Radiograph)

Straight segment length®

CT 524 — —

AP radiograph 574 .567 <.001

Oblique radiograph 585 .539 <.001

Lateral radiograph 55.7 512 <.001
Coronal canal diameter at 40 mm proximal®

Coronal CT 5.2 — —

AP radiograph 5.5 770 137
Sagittal canal diameter at 40 mm proximal®

Sagittal CT 7.0 — —

Lateral radiograph 79 .675 .001
Coronal canal diameter at bow

Coronal CT 5.1 — —

AP radiograph 53 753 472
Sagittal canal diameter at bow

Sagittal CT 6.8 — —

Lateral radiograph 7.3 .549 .033
*Measurement made with respect to proximal tip of fifth metatarsal.

R 1 ® 1 °
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Figure 6. A graph showing that there was a correlation
between plain radiographs AP view bow length and CT scan
straight segment length (r = .534).

Another limitation of this study is the fact that it is a
radiographic study. The findings of this study will need
to be validated in clinical practice. The principles out-
lined above will need to be applied in the clinical setting
and studied to determine if they indeed lead to improved
fracture fixation stability and decreased complications.
Despite the detailed study and analysis of the anatomy of
the fifth metatarsal of a large number of patients using
3D imaging, each patient is unique and screw sizes
should be determined based on each patient’s preopera-
tive imaging.

Bow Diameter on Coronal CT (mm)

4 6
Bow Diameter on AP Radiograph (mm)

Figure 7. A graph showing that there was a correlation
between plain radiograph AP diameter canal and CT scan
coronal diameter (r =.716).

In conclusion, this study defined the normal anatomy of
the fifth metatarsal. Measurements were made with each
metatarsal in their normal anatomic position with respect to
the foot. The results should help guide intramedullary screw
diameter and length selection for the treatment of Jones
fractures. A 40 mm screw in length should reliably end
proximal to the curvature of the metatarsal and prevent
complications related to implant insertion. A 4.5 mm diam-
eter screw would be undersized for most patients.

Additional data related to this research can be obtained
by sending a request to the corresponding author.

Downloaded from fai.sagepub.com at Galter Health Sciences Library on May 15, 2015


http://fai.sagepub.com/

Ochenijele et al

301

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

References

1.

Clapper MF, O’Brien TJ, Lyons PM. Fractures of the fifth
metatarsal. Analysis of a fracture registry. Clin Orthop Relat
Res. 1995;(315):238-241.

. Dameron TB Jr. Fractures of the proximal fifth metatarsal:

selecting the best treatment option. J Am Acad Orthop Surg.
1995;3:110-114.

. DeLee JC, Evans JP, Julian J. Stress fracture of the fifth meta-

tarsal. Am J Sports Med. 1983;11:349-353.

. Den Hartog BD. Fracture of the proximal fifth metatarsal. J

Am Acad Orthop Surg. 2009;17:458-464.

. Ebraheim NA, Haman SP, Lu J, Padanilam TG, Yeasting RA.

Anatomical and radiological considerations of the fifth meta-
tarsal bone. Foot Ankle Int. 2000;21(3):212-215.

. Glasgow MT, Naranja RJ Jr, Glasgow SG, Torg JS. Analysis

of failed surgical management of fractures of the base of the
fifth metatarsal distal to the tuberosity: the Jones fracture.
Foot Ankle Int. 1996;17(8):449-457.

. Horst F, Gilbert BJ, Glisson RR, Nunley JA. Torque resis-

tance after fixation of Jones fractures with intramedullary
screws. Foot Ankle Int. 2004;25(12):914-919.

. Jones R. I. Fracture of the base of the fifth metatarsal bone by

indirect violence. Ann Surg. 1902;35:697-700.

10.

12.

13.

14.

15.

16.

17.

18.

. Kavanaugh JH, Brower TD, Mann RV. The Jones fracture

revisited. J Bone Joint Surg Am. 1978;60:776-782.

Kelly IP, Glisson RR, Fink C, Easley ME, Nunley JA.
Intramedullary screw fixation of Jones fractures. Foot Ankle
Int. 2001;22(7):585-589.

. Orr JD, Glisson RR, Nunley JA. Jones fracture fixa-

tion: a biomechanical comparison of partially threaded
screws versus tapered variable pitch screws. Am J
Sports Med. 2012;40:691-698. http://dx.doi.org/10.1177/
0363546511428870.

Pietropaoli MP, Wnorowski DC, Werner FW, Fortino MD.
sIntramedullary screw fixation of Jones fractures: a biome-
chanical study. Foot Ankle Int. 1999;20(9):560-563.

Quill GE Jr. Fractures of the proximal fifth metatarsal. Orthop
Clin North Am. 1995;26:353-361.

Rosenberg GA, Sferra JJ. Treatment strategies for acute frac-
tures and nonunions of the proximal fifth metatarsal. J Am
Acad Orthop Surg. 2000;8:332-338.

Shah SN, Knoblich GO, Lindsey DP, et al. Intramedullary
screw fixation of proximal fifth metatarsal fractures: a biome-
chanical study. Foot Ankle Int. 2001;22(7):581-584.

Sides SD, Fetter NL, Glisson R, Nunley JA. Bending stift-
ness and pull-out strength of tapered, variable pitch screws,
and 6.5-mm cancellous screws in acute Jones fractures. Foot
Ankle Int. 2006;27(10):821-825.

Torg JS, Balduini FC, Zelko RR, et al. Fractures of the base of
the fifth metatarsal distal to the tuberosity. Classification and
guidelines for non-surgical and surgical management. J Bone
Joint Surg Am. 1984;66:209-214.

Wright RW, Fischer DA, Shively RA, Heidt RS Jr, Nuber
GW. Refracture of proximal fifth metatarsal (Jones) fracture
after intramedullary screw fixation in athletes. Am J Sports
Med. 2000;28:732-736.

Downloaded from fai.sagepub.com at Galter Health Sciences Library on May 15, 2015


http://dx.doi.org/10.1177/0363546511428870
http://fai.sagepub.com/

