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INTRODUCTION
Arthritis of the great toe joint or hallux rigidus is a common
podiatric problem. Patients with hallux rigidus have many
issues with their first metatarsophalangeal joint including
joint pain, restricted range of motion, progressive pain
from osteophyte formation, and cartilage degeneration,
with resultant pain and limitation of function. The first
metatarsophalangeal joint plays an important role during
gait, carrying a significant amount of an individual’s body
weight with each step at propulsion. With advancing
end-stage arthritis, the current surgical options include
a joint replacement or joint arthrodesis. Many joint
replacement surgeries have experienced higher than average
complications from bone loss, implant fragmentation and
loosening, transfer metatarsalgia, and lack of predictability.
After implant failure, a first metatarsophalangeal joint
fusion as a salvage procedure has been shown to be more
difficult, with more complications and worse results.
Primary first metatarsophalangeal joint arthrodesis is still
considered the gold standard treatment for hallux rigidus.
A successful fusion decreases pain, maintains toe length,
and provides stability of the first ray while sacrificing first
metatarsophalangeal joint motion. However, loss of first
metatarsophalangeal joint motion may not be desired in
certain patients.
For patients that want to keep some motion in their first
metatarsophalangeal joint, an implant may be a consideration.
Recently, a synthetic polyvinyl alcohol implant, Cartiva
has become an option that diminishes symptoms of hallux
rigidus, while allowing continued joint motion. Cartiva
allows the potential for a future revision to an arthrodesis
if it becomes necessary. In a study by Baumhauer et al (1),
the authors reported that functional outcomes and visual
analog scores for Cartiva were comparable to a fusion at a
2-year follow up. Patient selection is an important part of
the surgical work up, and in this case they excluded patients
with >1 cm of osteochondral cysts, hallux varus, hallux
valgus >20, poor bone quality, osteoporosis, and any medical
condition that makes the subject unsuitable for inclusion
in the study. Approximately 10% of the Cartiva patients in
this randomized control trial needed to be converted to a

fusion because of “persistent or recurrent pain without any
additional complications.” However, the authors stated that
“the root cause of the implant failure was not determined.”
Upon inspection of the Cartiva implant after removal,
the implants did not demonstrate any implant wear. Studies
have loaded the implant under rotational dorsiflexion and
plantarflexion movements with greater than 5 million
cycles without showing any dramatic wear on the implant.
Anecdotally, upon removal of the Cartiva implant, it has
been noted that the Cartiva has subsided and become flush
to metatarsal head bone both on postoperative radiograph
as well as intraoperatively during a revision arthrodesis.
Because this implant does not have threads and instead is
a cylindrical shape, the only force keeping the implant from
subsiding is the lateral pressure and frictional forces from
the surrounding bone, as well as the cancellous floor of
the implant in the metatarsal head. Unlike some other first
metatarsal head implants, Cartiva is not coated with anything
that promotes bony ingrowth to help solidify the implant
to surrounding bone. Also, if there were cystic changes or
poor bone stock of the implant floor, this could possibly
lead to implant subsidence. The implant floor is also in close
proximity of the distal aspect of the medullary canal.
To the author’s knowledge, there is no report in the
literature that examines the anatomy of the distal aspect
of the medullary canal of the first metatarsal head. If the
canal extended distally so far that it met near the floor of
the Cartiva implant, this would significantly weaken the
implant floor and may predispose the implant to subside.
The purpose of this study is to evaluate the anatomy of the
distal medullary canal of the first metatarsal by utilizing
computed tomography (CT) scan.

MATERIALS AND METHODS
We reviewed weight-bearing CT images of 174 adult feet
using a PedCAT weight-bearing CT machine. This included
data from patients from January 2016 to February 2018 in
which the view included the entire first metatarsal. Patients
were excluded if they met any of the following criteria:
history of surgical intervention to the first ray; hardware
that distorted CT views; fracture of the first ray; or age
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Figure 1. Anteroposterior (AP) view of first metatarsal showing
metatarsophalangeal joint to canal distance (blue), AP canal angle (green),
and metatarsal shaft width (pink).

Figure 2. The lateral view of the first metatarsal shows the lateral canal
angle (blue), and metatarsal shaft height (green).

Table 1. Measurements of the 3 groups*
Measure
AP canal angle				
Mean ± SD
Range
Canal depth distance				
Mean ± SD
Range
AP shaft width				
Mean ± SD
Range
Lateral shaft width				
Mean ± SD
Range
Lateral angle				
Mean ± SD
Range

Limitus/rigidus
(n = 27)

Control
(n = 109)

Bunion
(n = 38)

P†

40.1± 12.2
21.9–71.2

41.4 ± 7.8
28.3–60.0

41.1 ± 10.0
20.9–76.2

0.85

12.6 ± 2.7
7.3–19.3

12.8 ± 2.1
9.1–18.2

12.3 ± 2.3
5.9–18.1

0.56

13.8 ± 1.8
9.8–17.4

13.7 ± 1.4
11.4–16.6

13.3 ± 1.8
10.2–20.8

0.22

13.5 ± 1.4
10.6–16.3

13.0 ± 1.2
9.5–15.1

13.6 ± 6.1
10.5–16.1

0.78

56.4 ± 12.9
28.1–90.6

59.9 ± 15.3
37.3–95.0

58.9 ± 14.2
29.9–91.5

0.62

* AP = anteroposterior.
† By ANOVA comparing 3 groups

younger than 17 years. We separated patients into 3 clinical
diagnosis groups retrospectively: hallux rigidus, hallux
abducto valgus, and other pathologies.
We then utilized CubeView CurveBeam version 3.2.1.0
software to complete the evaluation. In order to evaluate the
data, we established a set of reproducible reference points. We
looked at the head of the metatarsal and the relationship of
the distal medullary canal relative to the distal, medial, lateral,
dorsal, and plantar aspects of the metatarsal. The following
reference points were used: metatarsophalangeal joint to
canal distance, anteroposterior (AP) canal angle, metatarsal
shaft width, lateral canal angle, and metatarsal shaft height. In
order to evaluate these areas of interest, criteria for measuring
these reference points had to first be established (specifically,
the first metatarsal was bisected in the sagittal, and transverse
planes, and the first metatarsal was also bisected in the frontal
plane distally) (Figure 1 and Figure 2).

RESULTS
There were a total of 174 feet in this study; 27 feet in the
hallux limitus/rigidus group, 38 feet in the bunion group,
and 109 feet in the other pathology group. The specific
results of the metatarsophalangeal joint to canal distance, AP
canal angle, metatarsal shaft width, lateral canal angle, and
metatarsal shaft height are shown in Table 1. The averages
for the metatarsophalangeal joint to canal distance, AP canal
angle, lateral canal angle, AP metatarsal shaft width, and
lateral metatarsal shaft width were 12.5 mm, 41.0 degrees,
59.4 degrees, 13.4 mm, and 13.1 mm, respectively. None of
the measurements were found to be statistically significant
when comparing the 3 different groups.
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DISCUSSION
To our knowledge, this is the first anatomic description of
the distal aspect of the medullary canal of the first metatarsal
based on 3-D CT imaging. In our study, we found that there
was no correlation in the measurements we made of the
distal first metatarsal medullary canal, when correlating with
the diagnoses of hallux rigidus and hallux abducto valgus.
This is interesting in that the medullary canal does not seem
to be affected by these pathologies for these measurements
on CT scan. We found that the lateral medullary canal angle
is larger than the AP medullary canal angle and that the
shape of the distal medullary canal is oval and elongated
dorsal to plantar and skinnier from medial to lateral.
It is a good idea to keep in mind the normal ranges
and sizes of medullary canal and first metatarsal head
anatomy when doing implants in the first metatarsal head.
An example of when this information could be useful is with
the first metatarsal head implant, Cartiva. Cartiva has been
described in the literature by Baumhauer in a level 1 study
(1), showing how the implant is comparable to fusion for
the treatment of hallux rigidus. There are other articles that
discuss the efficacy as well as anecdotal pearls and experiences
(2-6). Originally, the technique guide suggested having the
implant 1-2 mm proud from the metatarsal head, however
more recently, it is suggested to have the implant lay 3-4
mm proud or even more. It is also suggested not to take
too much off the dorsal aspect of the metatarsal head so
that there is enough bone stock and support for the implant
dorsally. These results are interesting, and parallel the results
found in our study.
When determining the depth of drilling when putting
in an implant in the metatarsal head, one may want to
consider the anatomy of the distal aspect of the medullary
canal of the first metatarsal. In our study, we found that
average distance from the metatarsophalangeal joint to the
distal medullary canal of the metatarsal was 12.5 mm. This
average, as well as the range can be useful when determining
what depth to drill an implant into the first metatarsal head.
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It seems logical that the more bone that is left to help
support the floor of the implant, the more stable it can be,
and may have less chance of subsidence. If a 10 mm implant
is drilled to be left 2 mm proud, then the implant would be
8 mm deep into the metatarsal. According to our study, that
would leave an average of about 4.5 mm from the implant
to the medullary canal, which leaves only a few millimeters
of cancellous bone supporting the base of the implant
before reaching the medullary canal. Keep in mind this is an
average, and in some instances, the implant may by reaching
the medullary canal according to the ranges that we found.
In our study, we looked at CT scans of the distal
medullary canal of the first metatarsal. This can be useful
when considering the amount of metatarsal bone that is left
to support a Cartiva implant. It is also worth considering
how osteoporosis or any cystic changes will affect the bony
support of the implant. If the Cartiva implant is being
considered for hallux rigidus, one may want to consider a
preoperative CT scan to assess the metatarsal bone, as this
may help with preoperative planning.
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