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Background: The use of synthetic polyvinyl alcohol hydrogel (PVAH) implants for treatment of lesser toe
metatarsophalangeal joint (MTPJ]) arthritis is promising and currently limited by the size of implants
available. The primary objective of this cadaveric study was to investigate the maximum drilling size and
largest PVAH implant dimension that could be safely introduced while still preserving an intact bone rim
of the lesser metatarsal heads.

Methods: Height and width of all lesser metatarsals were measured on CT and during anatomic dissection.
Sequential reaming of the second to fourth metatarsals was performed. Maximum reaming size, largest
implant inserted, and failure of the metatarsal head were recorded. Metatarsal head sizes were compared
and a multiple regression analysis evaluated measurements that influenced maximum drilling and
implant size.

Results: CT and anatomical measurements demonstrated significant correlation (ICC range, 0.-0.85).
Mean values for height and width of the metatarsal heads were respectively: second (14.9 mm and
9.9 mm), third (14.8 mm and 8.8 mm), fourth (14.0 mm and 8.7 mm) and fifth (12.3 mm and 9.3 mm). All
the second, third and fourth metatarsal heads could be safely drilled up to 7.5 mm, preserving an intact
bone rim. At 80% of the time, the heads could be safely drilled up to 8.0 mm. Height of the metatarsal
heads was the only factor to significantly influence the size of maximum reaming and implant
introduced. In respectively 20%, 40% and 50% of the second, third, and fourth metatarsal heads, neither
8 mm nor 10 mm PVAH implants could be used.

Conclusions: Our cadaveric study found that the even though the majority of the lesser metatarsal heads
could be safely drilled up to 8 mm, the smallest PVAH implant size currently available in most countries
(8 mm) could be inserted in most of the second, but only in about half of the third and fourth metatarsal
heads. The remaining bone rim around inserted implants was considerably thin, usually measuring less
than 1 mm. In order to optimize the use PVAH in lesser metatarsal heads, smaller implant options are
needed.
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1. Introduction

Lesser toe and metatarsophalangeal disorders are frequent, and
their treatment represent a frequent challenge for Foot and Ankle
surgeons. The number of surgical procedures for treatment of these
pathologies is huge, with substantial associated economic burden[1].
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Arthritic degeneration of the lesser metatarsophalangeal joint
(MTPJ) can occur as a complication of trauma [2], chronic joint
overload [3], hallux valgus and transfer metatarsalgia [4], plantar
plate disruption and joint instability [5], Freiberg’s infraction [6,7],
and as a complication of surgical treatment of lesser toe
deformities [1,8].

Surgical treatment options for symptomatic arthritis of the
lesser MTP]J are scarce. The alternatives available in the literature,
depending on the severity of the disease and the association of
joint instability, include but are not restricted to: open or
arthroscopic joint debridement [7,9], dorsiflexion osteotomy of
the metatarsal head [10], interposition arthroplasty [9,11-13],
plantar plate repair [14-17], fusion [18], and metatarsal head
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resection [19,20]. Multiple MTP] interposition arthroplasties have
been proposed in the literature [21], with overall good outcomes
[22-25]. Different interposition materials can be used, such as the
MTP] dorsal capsule [26-29], periosteum [30], fascia lata [31],
tendon autograft and allograft [11,32-35], acellular dermal matrix
[26,36,37], and silicone implants [13].

Recently, the use of polyvinyl alcohol hydrogel (PVAH) implants
has become popular in the treatment of end-stage hallux rigidus
and first MTP] arthritis, with good reported short-term outcomes
[38-41]. The currently off label use of these same implants in the
treatment of lesser MTP] arthritis is a reality and can potentially
represent an important surgical alternative. However, the size of
the implants currently commercialized in most of the countries
include only the 8 mm and 10 mm in diameter size as they were
primarily designed with the first metatarsal in mind. This poses a
significant limitation and relative contraindication for their use in
the substantially lower dimensions of the lesser metatarsal heads.

The primary objective of this cadaveric study was to assess the
maximum drilling size and largest PVAH implant dimension that
could be safely introduced into each lesser metatarsal head while
still preserving an intact bone rim of the metatarsal head. The
secondary objective was to evaluate the average height and width
of the lesser metatarsal heads using Computed tomography (CT)
scans and true anatomical measurements.

Our hypothesis was that the currently available sizes of PVAH
implants would not allow safe utilization of the implants in the
lesser metatarsal heads and that CT measurements of lesser
metatarsal heads sizing would significantly correlate with
intraoperative anatomical measurements.

2. Material and methods

This study was approved by our Institutional Review Board. Ten
thawed below knee fresh-frozen cadaveric specimens were used,
six females and four males, with a mean age of 48.3 (range, 25-61)
years. None of the specimens were found to have any noticeable
deformity or pathology of the foot and ankle, neither evidence of
prior surgery.

2.1. CT scans and CT measurements

The specimens were first placed in a posterior splint with the
foot plantigrade and the ankle joint positioned in neutral
dorsiflexion. CT images were acquired in a CT scan (Biograph,
Siemens, Munich, Germany) with 0.6 mm slice thickness and
0.5 x 0.5 mm? in-plane pixel dimensions,140kV and 140 mA.

The acquired three-dimensional datasets were converted into
axial, sagittal and coronal image slices, that were then transferred
and analyzed in a dedicated software (Materialise Mimics,
Materialise, Leuven, Belgium). Image annotations were erased
to ensure anonymity, and each imaging study was assigned with a
random and unique identification number. Two independent and
blinded Fellowship-Trained Foot and Ankle surgeon observers
assessed each imaging study and measured the height and width
of the lesser metatarsal heads. The height was measured at the
center portion of the head, and the width in its thinnest portion
(Fig. 1). One of the observers repeated these same measurements
two weeks later, respecting the washout period, to minimize
recall bias.

Fig. 1. Example of computed tomography (CT) measurement of the height and width of the fourth metatarsal head (coronal plane).
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2.2. Surgical dissection and clinical measurements

All surgical procedures were performed by a third Fellowship-
trained Foot and Ankle surgeon independent observer, with 15
years of surgical experience. Some highlights of the surgical and
measurement technique are presented in Fig. 2. The forefoot soft
tissue was amputated in an elliptical fashion, at the level of the
MTP], completely exposing the heads of the first, second, third,
fourth and fifth metatarsals. The dorsal, plantar, medial and lateral
aspects of the lesser metatarsal heads were marked, and height
and width were measured with a precision marking digital caliper
(precision 0.02 mm).

Following the surgical technique guidelines for the PVAH
available in the market (Cartiva®, Cartiva Inc., Georgia, US), a2 mm
guide-wire was introduced into the head of the second metatarsal
with the help of the concave end of the provided positioner
centrally in the head and perpendicular to the articular surface. The
technique was slightly modified for its use in the lesser metatarsals
for the purpose of this study. Because of the cadaveric nature of the
study and the need for multiple consecutive drilling of each
metatarsal head, the guide wire was advanced further into the
metatarsal shaft to minimize its toggling during the multiple
drillings. The correct positioning of the guide wire was checked
under fluoroscopy. Sequential drilling of the second metatarsal
head, starting with a 4.5 mm cannulated drill and progressing with
0.5 mm increments was then performed, until a maximum drill bit
diameter of 10 mm was achieved or until one the surrounding bone
rim was violated. For the 8 mm and 10 mm drilling, the drill bit
provided in the PVAH implant kit was used. The thickness of the
surrounding bone rim (four quadrants: dorsal, plantar, medial and
lateral) was measured with the precision digital caliper after each
1 mm drilling increment, from 6 mm to 10 mm or until the bone
rim was completely violated by the drill in one of its quadrants. If
the 8 mm mark could be reached without compromising the bone
rim, the 8 mm PVAH implant was inserted using the provided

introducer tube. The integrity of the bone rim was reassessed after
introduction of the implant, making sure it was still intact and that
the implant was stable. Similarly, if the 10 mm drilling could be
safely achieved without compromising the rim, the 10 mm PVAH
implant was inserted with the provided introducer tube and
followed by reevaluation of the bone rim integrity and stability of
the implant. The exact same procedure was then repeated for the
third and fourth metatarsals.

For each metatarsal, maximum drilling diameter, largest
implant inserted (8 mm or 10 mm) and destruction of bone rim
quadrants were recorded.

2.3. Statistical analysis

Data analysis was performed using JMP Pro version 12.2.0 (SAS
Institute, Marlow-Buckinghamshire, UK). Measurements were
initially evaluated for normality with the Shapiro-Wilk test.
Descriptive statistics was used to report the average dimensions of
the metatarsal heads (anatomical and CT measurements), largest
drill bit diameter, and bone rim measurements. Inter-method
correlation between CT and anatomical measurements was
evaluated by intraclass correlation coefficient (ICC), considering
the amount by which bias, and interaction factors can influence the
ICC. Correlations of 0.81-0.99 were considered almost perfect;
0.61-0.80, substantial; 0.41-0.60, moderate; 0.21-0.40, fair; and
slight if equal or inferior to 0.20 [42]. Metatarsal head heights and
widths were compared by Wilcoxon each pair analysis. Multiple
regression analysis was used to evaluate which specific measure-
ment influenced the maximum drilling diameter and implant size
could be successfully achieved without damaging the bone rim. A
partition prediction model was then used to provide a threshold
values for the relationship between the dimensions of the lesser
metatarsal heads and the maximum size size of the drilling
achieved and PVAH implanted. p-Values of less than 0.05 were
considered significant.

Fig. 2. Surgical procedures, progressive reaming, and anatomical measurements. (A) Metatarsal heads exposed following elliptical amputation of the forefoot at the level of
the metatarsophalangeal joints (MTPJ). Dorsal, plantar, medial and lateral edges marked. (B) Surgical setting with drill bits, introducers and implants. (C) Fluoroscopic
anteroposterior image demonstrating a well-positioned guide wire intramedullary in the second metatarsal. (D) Bone rim measurement with a precision digital caliper.
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Table 1

Summary of anatomical and averaged CT measurements for the lesser metatarsal heads.

Fourth metatarsal head Fifth metatarsal head

Third metatarsal head

Second metatarsal head

95% ClI Minimum Maximum

Minimum Maximum Mean

95% CI

Minimum Maximum Mean

13.6 mm

Minimum Maximum Mean 95% ClI
14.6mm 14.0mm-

14.4mm

95% ClI
154mm 16.0 mm -

Mean

15.3 mm

11.2 mm

123mm 11.5mm-

15.9 mm

13.8mm 13.0mm- 121 mm

16.2 mm

16.7 mm

Height Anatomical

13.1 mm

123mm 11.5mm-

14.6 mm
14.2mm 13.3mm-

15.3 mm

14.2mm 13.3mm-

14.8 mm

CT measurement 14.0mm 14.9 mm-

measurement

14.8 mm

11.0 mm

15.9mm

11.5mm

16.0 mm

12.0mm

15.7 mm

124 mm

13.1 mm
8.6mm -
9.7 mm

91 mm-

15.2 mm

9.7mm 9.1 mm-

15.1 mm

95mm 9.1 mm-

13.0mm
11.2mm 10.6 mm -

10.2 mm

9.2 mm 7.9 mm

10.5 mm

8.2mm

10.4 mm

8.6 mm

12.4mm

9.6 mm

Width Anatomical

10.2 mm
8.7 mm -
9.8 mm

9.9 mm

11.9mm

CT measurement 10.6mm 9.8 mm-

measurement

11.0 mm

8.8 mm

10.3mm  9.7mm

8.1 mm

10.1 mm 9.2 mm

7.9 mm

9.0mm 8.6mm-
9.5mm

12.0mm

8.9 mm

10.2 mm

11.3 mm

CI, Confidence interval; CT, Computed tomography; mm, millimeters.
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3. Results

A summary for the anatomical measurements and averaged CT
measurements is presented in Table 1 and Fig. 3.

The intraobserver agreement for CT measurements of lesser
metatarsal head dimensions was substantial for both the height
(ICC, 0.73) and width (ICC, 0.69). The interobserver agreement for
CT measurements was found to be moderate for height (ICC, 0.57)
and substantial for width (ICC, 0.69). The intermethod correlation
between anatomical and CT measurements of lesser metatarsal
head dimensions were found to be almost perfect for height (ICC,
0.87) and moderate for width (ICC, 0.59). Parallelism plots for
intermethod correlation of metatarsal heads height and width
measurements are presented in Fig. 4.

Graphical plots demonstrating comparison of averaged ana-
tomical measurements for the different lesser metatarsal heads is
presented in Fig. 5. The second metatarsal head was found to have
significantly increased height when compared to the fourth
(p=0.0046) and fifth metatarsals (p=0.0006), but similar dimen-
sions to the third metatarsal head (p=0.053). The height of the
third metatarsal head was also found to be significantly higher
than the fifth (p=0.0013), but similar to the fourth metatarsal
(p=0.0635). The height of the fourth metatarsal head was
significantly increased when compared to the fifth (p=0.0036).

Regarding the width, the second metatarsal head was also found
to be significantly wider than the third (p=0.0015), fourth
(p=0.0053) and fifth metatarsals (p=0.0010). The other lesser
metatarsals all were found to have similar width (all p-values >0.05).

The height of each metatarsal head was always larger than the
width for all metatarsals in all cadaveric specimens. The mean
difference between the height and width, when considering all
metatarsal heads, was 4.15 mm (95% CI, 3.6-4.7, p < 0.0001). When
evaluating each metatarsal head in isolation, the mean differences
between height and width were respectively: 4.2 mm (95% CI, 3.4-
5.0, p<0.0001) for the second metatarsal, 5.2 mm (95% CI, 4.5-5.8,
p<0.0001), 415 (95% CI, 3.3-5.0, p<0.0001) for the third
metatarsal, 4.1 mm (95% CI, 3.3-5.0, p<0.0001) for the fourth
metatarsal and 3.1 mm (95% CI, 2.2-4.0, p<0.0001) for the fifth
metatarsal.

Graphical plot representation for percentages of maximum
drilling size and PVAH implant inserted is presented in Fig. 6. All
the second, third and fourth metatarsal heads could be safely
drilled up to 7.5 mm, preserving an intact bone rim. At 80% of the
time, the heads could be safely drilled up to 8.0 mm. However, 20%
of the second metatarsal heads, 40% of the third metatarsal heads
and 50% of the fourth metatarsal heads failed to accommodate the
smallest available PVAH implant (8 mm) without having breakage
of at least one of the bone rim quadrants. The 10 mm PVAH implant
was successfully inserted in only 20% of the second metatarsal
heads, preserving an intact bone rim, but could not be inserted in
any of the third or fourth metatarsal heads.

The only factor that was found to significantly influence the
maximum drilling size that could be successfully achieved was the
height of the metatarsal heads measured anatomically (p=0.0016).
Neither metatarsal number (second, third or fourth) nor the width
of the metatarsal heads were not found to significantly influence
the maximum drilling size. Metatarsal height was also the only
factor influencing the size of the PVAH implant that could be
inserted, when measured on both CT images (p<0.0001) and
clinically (p=0.013). Number and width of the metatarsal heads
again did not influence the size of the implant inserted.

The partition prediction model demonstrated that when the
height of the lesser metatarsal heads was measured above 15.7 mm
anatomically and 15.5mm on CT scan images, the chances of
maximizing drilling and the PVAH implant inserted were
increased.
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Fig. 3. Graphical plot representation of averaged values for anatomical and computed tomography (CT) measurements for height and width of the lesser metatarsals.
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Fig. 4. Parallelism graphical plots for intermethod correlation of metatarsal heads height and width measurements.
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Fig. 6. Graphical plot representation of percentages of maximum drilling size (A) and polyvinyl alcohol hydrogel (PVAH) implant inserted (B) for the second, third and fourth

metatarsal heads.
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A summary of the measurements for bone rim thickness
(medial, lateral, plantar and dorsal quadrants) of the lesser
metatarsal heads, following each 1 mm increment in the drilling
size, is presented in Table 2. The medial quadrant was usually the
thinnest for most lesser metatarsal heads following each progres-
sive drilling, and the first to fail in 40% (4/10) of the second
metatarsal heads, and 60% (6/10) of the third and fourth metatarsal
heads. The second most common bone rim quadrant to fail was the
lateral, occurring in 20% (2/10) of the second metatarsal heads, and
30% (3/10) of the third and fourth metatarsal heads (Fig. 7). The
dorsal bone rim quadrant was violated in only 10% (1/10) of the
second, third and fourth metatarsal heads. Similarly, the plantar
bone rim quadrant failed in only 10% of the second and fourth
metatarsal heads, with no failures seen in the third metatarsal.

4. Discussion

To the best of the author’s knowledge, this is the first study to
investigate the use of PVAH implants in the lesser MTP]. We found
that the height of the metatarsal heads influenced the size of
maximum reaming and implant introduced and that in respec-
tively 20%, 40% and 50% of the second, third, and fourth metatarsal
heads, neither the 8 mm nor 10 mm PVAH implants could be used.

We demonstrated that the overall height measurements for the
lesser metatarsal heads progressively decrease from second to
fifth, but their width is pretty similar when excluding the wider
second metatarsal head. These findings were similar to results
previously reported in the literature [43,44]. The measurements
for height were significantly increased when compared to the
width, for all lesser metatarsal heads, explaining why most of the
violations of the bone rim following progressive drilling occurred
either in the medial or lateral aspects of the metatarsal heads.
Interestingly, the only measurement found to influence the
maximum drilling and implant size that could be used in the
lesser metatarsals was the height of the metatarsal head. Our study
also demonstrated that both preoperative CT scan evaluation and
anatomical intraoperative measurements of lesser metatarsal
heads sizing can be reliably used, with adequate intermethod
correlation. The small differences found in the measurements
when comparing anatomical and CT examinations could be
explained by inherent inaccuracies of each one of the methods,
with possible minor variabilities on the choice of anatomical
landmarks used by the observers.

More importantly, our study found that even though most of
the lesser metatarsal heads could be drilled up to 8 mm, while
preserving an intact bone rim of the metatarsal head, the thickness
of the medial and lateral walls was noticeable thin, with
measurements around 1 mm for the second metatarsal, and less
than a millimeter for the third and fourth metatarsal heads, putting
in risk the insertion of an 8 mm PVAH implant. Considering the
lower dimensions of the lesser metatarsal heads when compared
to the first metatarsal, if one would consider a 2 mm bone rim as
ideal to optimize the safety of the procedure and stability of the
PVAH implant, accordingly to our study results, on average, most of
the second, third and fourth metatarsal heads could be drilled up to
6mm, preserving adequate a bone rim thicker than 2 mm.
However, the thinnest bone rim quadrant measured after 6 mm
drilling was 1.1 mm, on the medial aspect of the fourth metatarsal
head. If a 1 mm bone rim was considered a safe threshold, all lesser
metatarsals heads evaluated in our study would be then
considered safely drilled with the 6 mm drill bit.

The medial aspect of the lesser metatarsal heads was noticeably
the thinnest during the progressive drilling and usually the first
quadrant to fail. Even though the surgical guidelines proposed by
manufacturer of the PVAH implant were followed, because of the
cadaveric nature of the study and the planning for repetitive and

progressive drilling in each lesser metatarsal, the surgical
technique was slightly modified, what could have influenced the
results of our study. Instead of introducing the guide wire only a
few centimeters into the metatarsal head to allow the drilling, we
aimed to advance the guide wire into the metatarsal shaft, allowing
increased stability during the progressive drilling, minimizing
toggling of the guide wire and subsequent injury to the metatarsal
head bone rim. We have observed that there is frequently a lateral
offset of the center of the metatarsal head relative to the axis of the
metatarsal shaft, meaning that the metatarsal shaft axis line was
usually in a medial position when compared to the metatarsal head
center line (Fig. 8), what could have influenced the entry-point of
the guide wires, forcing them to be in a relatively medial
positioning, explaining in part the reason why the medial aspect
of the metatarsal heads was frequently the thinnest and the first to
be violated. The report by Galli et al. demonstrated some
comparable findings in regard to the anatomy of the lesser
metatarsal heads [45]. In their study with 10 cadaveric specimens,
the authors assessed which portion of the lesser metatarsal head
was penetrated during K-wire fixation of the lesser toes across the
MTPJ and into the metatarsal shaft. They found that in 79% of the
specimens, the wire would penetrate the metatarsal head in a
medial position, relatively to the center of the metatarsal head.
This concept should be considered during the surgical planning
and potential clinical use of PVAH implants in the lesser metatarsal
heads, to avoid aiming the guide wire into the metatarsal shaft,
maintaining a centered position and protecting the medial aspect
of the bone rim.

The use of PVAH implants in the treatment of first MTP] arthritis
has recently demonstrated successful results [40,41], promising
short-term clinical outcomes [38], and a 96% implant survivorship
after a mean follow-up of 5.4 years, with significant improvement
in the first MTP] range of motion [39]. In the treatment of lesser
MTPJ arthritis, where preservation of joint mobility is paramount
and surgical alternatives are scarce [9,11-13,20,46], the use PVAH
implants, even though still off label, can potentially represent an
interesting surgical alternative. However, our study demonstrated
that one of the current limitations in the use of PVAH implants in
the lesser metatarsal heads is for sure the available implant sizing.
The current sizes commercialized in most countries, 8 mm and
10 mm, accordingly to our study results, would not provide enough
options for their safe use in the treatment of lesser metatarsal
pathologies. Even though the 8 mm implant was successfully
inserted in 80% of the second metatarsal heads and approximately
50% of the third and fourth metatarsal heads, the surrounding bone
rim, especially along the medial and lateral aspects of the implant,
was considerably thin. Additional options of smaller implant sizes
(5mm, 6 mm and 7 mm) are needed to optimize the use of PVAH in
the lesser metatarsal heads.

Our study has some important limitations to be considered.
First, the use of cadaveric specimens could have influenced the
results of the study. The characteristics of the cadaveric bone
quality is different from live tissue, and results regarding adequate
bone rim, maximum drilling size and implant inserted could be
different in real patients. The surgical approach and technique
would also be different in a clinical setting, where considerably less
amount of soft tissue dissection and metatarsal head exposure
would be possible, probably influencing drilling and PVAH
insertion process. Second, none of the cadaveric specimens used
had arthritic findings of the lesser MTP]. The presence of
degenerative disease in those joints could potentially increase
the technical difficulty of the procedure and influence the results of
the study. Third, even though a systematic approach was used to
perform both the CT and anatomical measurements of the
metatarsal head sizes and bone rim thickness, there is always
some variation involved in the process. Fourth, the progressive
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Table 2

Summary of the measurements for bone rim thickness of the lesser metatarsal heads.

Medial rim Lateral rim Dorsal rim Plantar rim
Mean  95% CI Minimum Maximum Mean 95% CI Minimum Maximum Mean 95% CI Minimum Maximum Mean 95% CI Minimum Maximum
After 6 mm Second 27mm 2.2mm - 1.7 mm 3.8mm 26mm 19mm- 14mm 4.0mm 42mm 3.6mm- 3.2mm 6.2mm 43mm 3.8mm- 3.3mm 5.5mm
drilling metatarsal head 3.1 mm 3.2mm 4.9 mm 4.8 mm
Third metatarsal 2.1mm 1.5mm- 1.2mm 3.5mm 22mm 1.7mm- 1.1 mm 3.3mm 42mm 3.6mm- 2.4mm 5.0mm 3.5mm 2.9mm- 2.1 mm 4.9 mm
head 2.6mm 2.7mm 4.8 mm 4.1 mm
Fourth 1.8mm 14mm- 1.1 mm 3.3 mm 20mm 17mm- 1.2mm 2.9mm 3.8mm 3.1 mm- 3.0mm 5.8 mm 27mm 24mm- 2.3 mm 3.4mm
metatarsal head 2.2mm 24mm 4.6 mm 3.0mm
After 7mm Second 1.8mm 13mm- 1.0 mm 3.0mm 22mm 16mm- 1.0 mm 3.8mm 3.8mm 3.3mm- 2.9mm 5.6 mm 32mm 2.6mm- 2.2mm 4.6 mm
drilling metatarsal head 2.2mm 2.9mm 4.4mm 3.8mm
Third metatarsal 1.4mm 1.2mm- 0.9 mm 2.0mm 1.7mm 13 mm- 0.8 mm 2.5mm 3.6mm 2.9mm- 2.0mm 4.9 mm 2.7mm 2.1mm- 1.4 mm 3.9mm
head 1.6 mm 2.1 mm 4.3 mm 3.4mm
Fourth 11mm 0.8mm- 0.8 mm 1.1 mm 1.3mm 1.0mm- 0.6 mm 2.2mm 28mm 21mm- 1.7 mm 4.3 mm 19mm 1.5mm- 1.3 mm 3.1 mm
metatarsal head 1.5mm 1.6 mm 3.5mm 2.3mm
After 8 mm Second 1.0mm 0.6mm- 0.4 mm 2.2mm 14mm 0.8mm- 0mm 29mm 28mm 1.8mm- 0mm 4.9 mm 26mm 2.1mm- 1.9mm 4.0 mm
drilling metatarsal head 1.5mm 1.9mm 3.7mm 2.6 mm
Third metatarsal 0.7 mm 0.2 mm - 0Omm 2.2mm 09mm 0.7mm- 0.3 mm 1.5mm 28mm 2.0mm- 1.4mm 4.0mm 20mm 1.5mm- 1.0 mm 3.2mm
head 1.2mm 1.2mm 3.5mm 2.6 mm
Fourth 0.7mm 0.3mm- 0mm 1.9mm 09mm 0.6mm- 0Omm 1.6 mm 23mm 17mm- 1.3 mm 3.9mm 1.5mm 0.8mm- 0.4mm 3.2mm
metatarsal head 1.2mm 1.3 mm 3.0mm 2.1 mm
After 9 mm Second 0.7mm 0.1 mm- 0Omm 24mm 1.2mm 0.6 mm- 0.4mm 2.7mm 29mm 21mm- 2.0mm 4.6 mm 20mm 11mm- 0.5mm 3.5mm
drilling metatarsal head 1.3 mm 1.8 mm 3.7mm 2.8mm
Third metatarsal 0.8 mm Omm- 0mm 2.1 mm 0.6mm 0.2mm- 0.2 mm 1.0mm 2.7mm 2.0mm- 1.7 mm 3.5mm 1.8mm 11mm- 1.0mm 2.7 mm
head 1.6 mm 1.9mm 3.5mm 2.6 mm
Fourth 0.6mm Omm- 0mm 1.7 mm 0.7mm 0.4 mm- 0.3 mm 1.2mm 24mm 16mm- 1.1 mm 3.4mm 1.3mm 0.5mm- 0.5mm 2.5mm
metatarsal head 1.2mm 1.0mm 3.3mm 1.3 mm
After 10mm  Second 04mm Omm- 0Omm 1.5mm 09mm 03mm- 0Omm 2.2mm 22mm 15mm- 1.1 mm 3.3mm 14mm 0.5mm- Omm 2.5mm
drilling metatarsal head 0.9 mm 1.6 mm 3.0mm 2.2mm
Third metatarsal 0.3mm Omm- 0Omm 1.3 mm 03mm Omm- 0Omm 0.7 mm 1.8mm 0.2mm- 0mm 3.3mm 1.7mm 0.6 mm- 0.7 mm 2.4mm
head 1.3 mm 0.7 mm 3.3mm 2.8 mm
Fourth 03mm Omm- 0Omm 1.2mm 0.5mm Omm- 0Omm 1.2mm 1.7mm 0.3 mm- 0mm 3.0mm 0.9mm 0.1 mm- 0Omm 1.8 mm
metatarsal head 1mm 1.1 mm 3.1 mm 1.7 mm

CI, Confidence interval; mm, millimeters.
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Fig. 7. Examples of surgical findings in a cadaveric specimen. (A) Polyvinyl alcohol hydrogel (PVAH) implant inserted into the second metatarsal head with preserved bone
rim and a very thin lateral bone rim following 8-millimeter (mm) drilling of the third metatarsal head. (B) Violated lateral bone rim of the third metatarsal head following
insertion of the 8 mm PVAH. (C) Thin medial bone rim following 8-millimeter (mm) drilling of the fourth metatarsal head. D) Destroyed medial bone rim of the fourth
metatarsal head following insertion of the 8 mm PVAH.

Metatarsal
Head
Center
Line

4th 3rd 2nd
Metatarsal Metatarsal Metatarsal

Fig. 8. Fluoroscopic anteroposterior image of the third metatarsal of a cadaveric specimen demonstrating an example of lateral offset of the metatarsal head relative to the
axis of the metatarsal shaft. Metatarsal head center line is laterally positioned in relation to the metatarsal shaft axis line.

drilling technique utilized might have increased the amount of study, the number of specimens utilized was enough to achieve the
bone resected in the metatarsal, as result of some minor toggling its objectives.

and drilling Kerf. Finally, even though we had a relatively small Concluding, in our cadaveric study we described the mean height
number of cadaveric specimens and no sample size calculation was and width of the lesser metatarsal heads and demonstrated that both
performed, we believe that due to the descriptive nature of the CT scan and anatomical measurements can be reliably performed.
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We found that increased metatarsal height measurements were
associated with a wider drilling size and PVAH implant inserted. The
smallest implant size currently available in most countries (8 mm)
could be inserted in most of the second metatarsal heads, and in
about half of the third and fourth metatarsal heads. However, the
remaining bone rim around the implant was considerably thin, with
thickness measurements mostly under 1 mm. We also found that
during progressive drilling, the medial and lateral aspects of the bone
rim were usually the ones to fail. In order to preserve adequate bone
rim and optimize the use PVAH in lesser metatarsal heads, smaller
implant options are needed.
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