AMERICAN
ORTHOPAEDIC
FOOT & ANKLE
SOCIETY"

AQ
FAS

Foot & Ankle Orthopaedics

2020, Vol. 5(4) 1-8

© The Author(s) 2020

DOI: 10.1177/247301 1420960678
journals.sagepub.com/home/fao

Article

Analysis of Shortening and Elevation
of the First Ray With Instrumented
Triplane First Tarsometatarsal Arthrodesis

Daniel J. Hatch, DPM, FACFAS', Paul Dayton, DPM, FACFASz,
William DeCarbo, DPM, FACFAS?, Jody P. McAleer, DPM, FACFAS*,
Justin J. Ray, MD°®, Robert D. Santrock, MD®, and W. Bret Smith, DO, MS®

Abstract

Background: The Lapidus procedure using planar saw resection has often been criticized for complications related to
excessive shortening and elevation of the first ray. The goal of this study was to assess the amount of shortening that occurs
when using a cutting guide for controlled saw resection of the first tarsometatarsal (TMT) joint surfaces, along with
assessment of deformity correction in all 3 anatomic planes.

Methods: A prospective multicenter study with IRB approval included 35 hallux valgus subjects evaluated at baseline and
6 months following instrumented triplane first TMT arthrodesis without lesser metatarsal osteotomies.

Results: The average first ray bone segment length loss was 3.1 mm (95% confidence interval [CI] 2.4-3.7) in the
anteroposterior (AP) radiographic assessment and 2.4 mm (95% CI 1.7-3.1) in the sagittal plane. The mean preoperative
radiographic measurements were |.7 degrees (dorsiflexion) for sagittal plane angle, 13.8 degrees for intermetatarsal angle
(IMA), and 5.1 for tibial sesamoid position (TSP). Improvements were seen postoperatively for all measures with a mean
difference of —0.2 degrees (95% CI —1.0 to 0.6) for sagittal plane angle, —9.2 degrees (95% CI —10.1 to —8.3 degrees) for IMA,
and —3.5 (95% CI —4.0 to —3.1) for TSP. Five of the patients reported lesser metatarsal pain preoperatively, and no patients
complained of lesser metatarsalgia at 6-month follow-up.

Conclusions: Minimal length loss of the first ray can be expected following instrumented triplane TMT arthrodesis while
achieving full 3-dimensional deformity correction and reducing the risk of lesser metatarsalgia.

Level of Evidence: Level |, prospective comparative study.
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Introduction

Lapidus arthrodesis is a common procedure for hallux
valgus correction that has received increasing attention for
its ability to correct at the apex of the deformity and enable a
correction in all 3 planes including sagittal plane correc-
tion.** The Lapidus procedure is often criticized for produc-
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ing first ray shortening and a perceived association with
transfer metatarsalgia. However, all osteotomies performed
result in some bone loss, and some are more prone than
others to shortening due to the geometry of the bone cuts.
The analysis of first ray shortening with hallux valgus repair
and subsequent lesser metatarsal weight transfer has been
discussed by many authors*!'%!7:19-2226:4244 Raiographic
measures of shortening have traditionally been limited to
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Figure |. Preoperative measurement of length of first ray. The
measurement of the most distal aspect of the first metatarsal to the
perpendicular of the anatomic axis of the second metatarsal.

A negative value corresponds to a first metatarsal that is shorter
than the second.

anteroposterior (AP) radiographs, which can be confounded
by motion in the sagittal and frontal planes. Specifically, a
plantar-deviated metatarsal will measure shorter than a neu-
trally aligned metatarsal. Studies specifically related to the
Lapidus bunionectomy with planar cuts ranged from 3.1 mm
to 7.5 mm of shortening.>>'%!3%> Currently, there is a per-
ception that manual joint preparation by curettage may be a
more appropriate method to reduce shortening and compli-
cations.>'%?>*> This perception may be inaccurate, as it has
been found that the range of shortening using this technique
ranges from 0.86 to 5.0 mm.>'%?%>35 Additionally, there are
other issues of curettage technique that may play a role in the
incidence of nonunions.*”

The purpose of our study was to analyze shortening of the
first ray segment as well as the other planar positions after
performing triplane tarsometatarsal (TMT) arthrodesis for
hallux valgus (HV) utilizing a cutting guide for controlled
saw resection and subchondral bone removal. The authors
hypothesized that using an instrumented system, appropriate
removal of the articular cartilage would be accomplished
while avoiding excessive shortening previously published
as >4.0 mm.*

Methods

A multicenter prospective study received institutional
review board approval to analyze the long-term outcomes
of the Lapiplasty procedure (Treace Medical Concepts, Inc,
Ponte Vedra, FL). While this current study is ongoing, we
obtained data after 6 months’ follow-up from the time of
surgery to analyze the amount of segmental loss of the first
ray length. This was included as one of the secondary end-
points (change in radiographic angular/positional alignment
before and after the procedure), with one of the time frames
being 6 months.

Inclusion criteria for the study included patients at least
18 years old with HV, intermetatarsal angles (IMAs) ranging
from 10 to 22 degrees, and HV angles (HV As) ranging from
16 to 40 degrees. All patients were to be able to bear weight
early (immediate to 3 weeks) and sign written informed
consent. Exclusion criteria included previous hallux valgus
surgery; body mass index >40; glycated hemoglobin
(HbAlc) >7; evidence of peripheral neuropathy; moderate
to severe arthrosis of the first metatarsophalangeal (MTP)
joint complex; current use of nicotine; and use of immuno-
suppressant drugs. Specific to this analysis, patients were
only included if the cut guide was used to make the planar
saw cuts. This resulted in 8 subjects from one site being
excluded from this analysis.

A total of 35 subjects enrolled in the study had postopera-
tive data at 6 months. Mean age was 41.5 years (95% con-
fidence interval [CI] 37.7-45.3), mean body mass index was
26.7 (95% CI 24.9-28.6), and all patients were female
(100%). The left foot was involved for 48.6% of patients
(n = 17). One patient had diabetes (2.9%) but still met
inclusion criteria.

All radiographic measurements were performed by
2 independent radiologists with mean values reported, with
the exception of the sagittal length measurement, which was
only measured by one of the independent radiologists
because of unavailability of the surgeon to measure for med-
ical reasons. If differences between readers were greater than
predefined limits, a reconciliation process ensued to remedi-
ate discrepancies. Radiographic measurements to quantify
the length of the first and second metatarsals were made to
a common 2-dimensional radiographic axis preoperatively
and postoperatively. In order to evaluate the length of the
metatarsal in the AP projection, the anatomic axis of the first
and second metatarsal was determined. A perpendicular line
was made at the most distal aspect of the second metatarsal,
and the distance from the distal aspect of the first metatarsal
to this perpendicular line was recorded (Figure 1).'%?”-*® The
sagittal view length measurement of the first ray was mea-
sured from the most anterior concavity of the medial cunei-
form to the most distal aspect of the first metatarsal head
(Figure 2). The sagittal first metatarsal angle relative to the
second metatarsal was measured pre- and postoperatively as
per Usuelli et al*? (Figure 3).

The operative procedure has been described earlier in
detail (Supplemental Video).>!*%3%4%  Although
severity-based algorithms would advocate distal metatarsal
procedures for lower IMAs, it was the authors’ preference to
address the deformity from an anatomic basis at the center of
rotation and angulation.'® The main principle of the tech-
nique was a “correct then cut” method using a precision
standardized cutting guide that allowed for minimal bone
resection of joint surfaces while aligning the first ray in 3
dimensions. After the first TMT joint was mobilized, the
metatarsal was aligned in all 3 planes while reducing the
intermetatarsal angle. Radiographic assessment was then
performed. A precision cut guide was then applied and cuts



Hatch et al

Figure 2. Length of first ray in sagittal view. Measured from the
most distal aspect of the metatarsal head to the most distal aspect
of the medial cuneiform concavity at the navicular- cuneiform
articulation.

Figure 3. Sagittal metatarsal angle measurement of the first
metatarsal relative to the second. A positive value indicates relative
dorsiflexion of the first metatarsal.

were made on each side of the joint. The jig was then
removed, and the joint was prepped in a standard fashion.
After realignment of the segments, fixation was applied. The
authors preferred biplanar fixation to promote early weight-
bearing and micro-motion as described by Perren.>® Stan-
dard weightbearing radiographs were taken pre- and
postoperatively (Figure 4).

Summary statistics included mean and 95% confidence
intervals for continuous variables and descriptive statistics
for categorical variables. Statistical analyses were performed
using SAS, version 9.4 (SAS Institute, Inc, Cary, NC).

Results

The mean AP measurement of the first metatarsal length
relative to the second metatarsal was —2.0 mm preoperatively
(95% CI 2.8 to —1.2) and —5.1 mm (95% CI —6.1 to —4.1) at
6 months postoperatively, resulting in a net mean AP short-
ening of 3.1 mm (95% CI 2.4-3.7) (Table 1). The mean sagit-
tal length of the first ray preoperative was 77.6 mm (95% CI
73.5-81.8), and the mean at 6 months postoperative was
75.3 mm (95% CI 71.2-79.3), resulting in a net mean sagittal
shortening of 2.4 mm (95% CI 1.7-3.1). The mean

intermetatarsal angle (IMA) was 13.8 degrees preoperatively
(95% CI 13.0-14.6) and 4.6 degrees at 6 months postopera-
tively (95% CI 3.8-5.4), resulting in a change of -9.2 degrees
(95% CI1-10.1 to —8.3). The mean hallux valgus angle (HVA)
was 26.4 degrees preoperatively (95% CI 24.3-28.4) and 6.1
degrees at 6 months postoperatively (95% CI 4.4-7.8), result-
ing in a change of —20.3 degrees (95% CI -23.0 to —17.6
degrees). The sagittal plane metatarsal angle results revealed
a preoperative mean of 1.7 degrees (95% CI 1.2-2.3; dorsi-
flexion) and a 6-month postoperative mean of 1.5 degrees
(95% C10.7-2.3), resulting in an overall change in the sagittal
angle of —0.2 degrees (95% CI —1.0 to 0.6). Mean tibial sesa-
moid position (TSP) preoperatively was 5.1 (95% CI 4.7-5.6)
and 1.6 (95% CI 1.3-1.8) at 6 months postoperatively, result-
ing in a net difference of -3.5 (95% CI 4.0 to -3.1).

Five of the patients had preoperative lesser metatarsal
pain. There were no second or third metatarsal osteotomies
performed. At 6-month follow-up, none of the patients
reported lesser metatarsal pain. One patient (2.9%) had a
fifth metatarsal osteotomy for a tailor’s bunion. None of the
patients had additional first metatarsal osteotomies. Four of
the patients (11.4%) had an Akin osteotomy, and 2 patients
(5.7%) had hammertoe correction. No other procedures were
performed other than the index procedures.

Discussion

Our data support minimal bone segment loss after triplanar
first TMT arthrodesis. The mean shortening on conventional
AP radiographs was 3.1 mm (95% CI 2.4-3.7) and the mean
shortening on the sagittal view was 2.4 mm (95% CI
1.7-3.1). These results are in the range of shortening reported
in the literature for curettage techniques and less than that
reported for manual planar cuts. This is in part achieved by
the method of “correct then cut” technique using a uniform
cut guide and standard set of landmarks. A reproducible
metered technique is key to gaining correction while acces-
sing the subchondral bone to facilitate osseous union. The
technique in this series uses an instrumented cut that refer-
ences more distal cuneiform anatomic landmarks and limits
bone removal from both the cuneiform and first metatarsal to
that which is essential to promote fusion and allow for meta-
tarsal realignment (Figure 5). The method of “correct then
cut” allows the first metatarsal to be aligned in 3 dimensions,
reducing the IMA, especially in the transverse plane. In
doing so, the ray will relatively lengthen (Figure 6). This
geometric change is observed when 2 collinear lines that are
initially angulated are then reduced to one combined line.
Removing 3-4 mm of length through a carefully prepared
fusion site maintains relative length. It should be noted that
proper 3-dimensional alignment is also vital to produce first
ray weightbearing function. Prior to correction of HV, it is
common for patients to have a degree of plantar pain at the
lesser MTPs.” This is not a by-product of an intrinsically
short first ray, but rather abnormal first ray mechanics pro-
duced by the deformity itself.
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Figure 4. Preoperative and postoperative anteroposterior and lateral radiographic assessment.

Table I. Evaluation of First Ray Alignment and Positioning After
Triplanar First Tarsometatarsal Arthrodesis.”

Mean (95% Confidence

Variable n Interval)
Anteroposterior first metatarsal

length (mm)

Preoperative 35 —2.0(-28,-1.2)

6-mo 35 5.1 (-6.1,4.1)

Change 35 =3.1 (-3.7,-24)
Sagittal first ray length (mm)

Preoperative 34 77.6 (73.5, 81.8)

6-mo 34 75.3(71.2,79.3)

Change 34 24 (-3.1,-1.7)
Intermetatarsal angle (IMA)

(degrees)

Preoperative 35 13.8 (12.0, 14.6)

6-mo 35 4.6 (3.8,5.4)

Change 35 -9.2 (-10.1, -8.3)
Hallux valgus angle (HVA)

(degrees)*

Preoperative 35 26.4 (24.3, 28.4)

6-mo 35 6.1 (4.4,7.8)

Change 35 203 (-23.0,-17.6)
Sagittal metatarsal angle (degrees)*

Preoperative 35 1.7 (1.2, 2.3)

6-mo 35 1.5 (0.7, 2.3)

Change 35 -0.2 (-1.0, 0.6)
Tibial sesamoid position (TSP)

Preoperative 35 5.1 (4.7, 5.6)

6-mo 33 1.6 (1.3, 1.8)

Change 33 -3.5 (4.0,-3.1)

?Mean with 95% confidence intervals are shown. Changes for first metatar-
sal length, first ray length, IMA, and TSP were significant at P < .001.

Average shortening by osseous cuts (planar resection)
ranges in the literature from 3.14 to 7.5 mm.>-'0-14:23-33
Literature review of shortening by curettage techniques
range from 0.86 to 5.0 mm.>'%*=% One can easily see the

variances in technique and subsequent end results. The
reported shortening in AP radiographs of 3.1 mm (95% CI
2.4-3.7) of bone segment length loss for first TMT fusion
was consistent in our study and on the low end of that
reported in the literature.

It is also important to note that other operative procedures
for HV correction report shortening and risks of transfer
metatarsalgia. Ahn et al' reported in their study of
185 patients that transfer metatarsalgia did not occur if short-
ening of the first metatarsal was less than 5.8 mm in their
chevron osteotomy cases. Toth et al** reported on shortening
of the first metatarsal in 240 patients to be 3.8 + 1.8 mm
after Wilson osteotomy. Carr and Boyd* reported to not
shorten the first metatarsal more than 3 to 4 mm. Lastly,
Seki et al*® reported on 30 feet undergoing the minimally
invasive distal osteotomy, and their findings revealed a
shortening of 7.4 + 2.5 mm.

First ray shortening is actually necessary to achieve
fusion when performing TMT arthrodesis by removal of
all cartilage to the subchondral plate. Johnson et al*°
found a residual layer of calcified cartilage after curettage
and determined that the average depth of cartilage on
each side of the first TMT joint was 0.86 mm. This
makes functional alignment a priority. Historically, short-
ening may have been mistakenly attributed as the main
cause of lesser ray overload when in fact a lack of first
ray realignment in 3 dimensions may be a more likely
cause. Malposition in any or all of the 3 cardinal body
planes results in abnormal first ray function potentially
causing a lesser MTP overload. Kaipel et al*! evaluated a
population of 91 patients (102 feet) and failed to show
any biomechanical evidence supporting the theory that
increased relative metatarsal length increases plantar
loading parameters under the metatarsal head and
predisposes patients to the development of primary
metatarsalgia.’
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Figure 5. (A) Precise osseous cuts with use of the bone cutting guide. Note that the medial landmark on the cuneiform is far distal to the
medial cortical wall. This alignment method reduces overall bone removal while producing proper angular correction. (B) Example of right

foot cut guide.

Traditional thinking among foot and ankle surgeons is
that first ray length has an immediate and dramatic effect
on lesser MTP joint overload.'>>***%* The literature mostly
reflects shortening of the ray as a limitation of certain pro-
cedures and advises against techniques that are perceived to
produce shortening. The first ray is a complex mechanical
unit composed of multiple joints spanning from the talona-
vicular joint to the hallux interphalangeal joint. These joints
and their mechanical function are interrelated as are the soft
tissues that act on the first ray. One example is the “windlass
effect” of the plantar fascia, which has a profound influence
on overall first ray function.®

Our experience is that complete 3-dimensional realign-
ment of the first ray has a more dramatic effect on preser-
ving normal first ray function than just length. This
concept has been supported by Rush et al*? and Goldberg
and Singh.'> The authors have seen this to be true with
triplane TMT arthrodesis, with the current results demon-
strating minimal average shortening of the first ray of 2.4
and 3.1 mm in lateral and AP radiographs, respectively.
And the incidence of lesser metatarsal overload was non-
existent at 6 months postoperation. In fact, the authors
have almost completely abandoned the use of prophylactic
lesser metatarsal osteotomies to prevent overload. This is
in agreement with King et al,** who measured decreased
weightbearing force under the second MTP joint or
improved load-sharing following Lapidus procedure for

hallux valgus. This also is substantiated by other authors
using foot pressure studies.'!

Another question to consider is the methods by which we
measure the first ray length. There are numerous methods to
perform this task and none are universally accepted.”'22%4!
The most common technique is to compare the relative
difference in length in AP radiographs between the first
and second metatarsals distally.”” Although a traditional
measure, there are shortcomings with this technique
because of potential variations in the sagittal plane angula-
tion before and after both osteotomy and TMT fusion.
When the first ray is dorsiflexed, it measures longer when
compared to the second in an AP radiograph (Figure 7). An
inverse relationship is found to be true in AP radiographs
when the first ray is plantarflexed. It is important to point out
in these examples that there has not been a change in absolute
length but rather the projection of it in 2D radiographs.
A plantarflexed position of the first metatarsal is desirable
from a functional standpoint and counterintuitively results
in a relative shortening of the first ray on AP radiographs.
Hence, for a more complete understanding of the first ray short-
ening, we also measured it in lateral radiographs.

A length-ratio comparison of the first and second meta-
tarsals may be more clinically applicable.>”*! Schemitsch
et al®’ stated the relative length of the first to second meta-
tarsal should be 0.825 to avoid lesser metatarsalgia. We
measured the relative lengths of the first and second rays
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Figure 6. Schematic diagram representing the first and second ray of the right foot before and after correction (before removing bone
cuts). In this theoretical example, the length of the first metatarsal relative to the second metatarsal increases with IMA reduction and
resulting collinearity in the corrected position. IMA, intermetatarsal angle.

Figure 7. Radiographs depicting changes in AP appearance of
length with first metatarsal neutral on left and dorsiflexed on
right. Dorsiflexion gives the perception of elongation in a
2-dimensional AP radiograph. Conversely, in a plantarflexed
position, the first metatarsal will appear as relatively shortened.
AP, anteroposterior.

and found a ratio postoperatively of 0.93 in our study. With
the availability of weightbearing CT scans, the accuracy
and/or consistency of 2-dimensional length measures could
be determined. We feel it is imperative that we look at the
first ray in 3 dimensions. If we only prioritize the relative
length on the AP radiograph and do not look at the lateral
projection or sesamoid axial view, we cannot understand the
true functional position of the first ray. First-ray weightbear-
ing function through the windlass mechanism is necessary
for normal biomechanical function of this segment.®53?
A stable and well-aligned first ray improves overall foot
function by increasing the efficiency of the peroneus longus
in stabilizing the medial column.? First ray malfunction may
result in lesser MTP overload.

The authors acknowledge that radiographic studies have cer-
tain shortcomings, as these measurements can be affected by
variations in imaging techniques. Length measurements may
change based on radiographic tube angle. This calls into ques-
tion not only the accuracy of the measurements but also the
reproducibility and comparison of these measurements between
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studies. We attempted to control some of these issues by having
the radiographs read by 2 independent board-certified radiolo-
gists using prescribed methodology. Future studies will incor-
porate 3-dimensional CT analysis and may shed light on the true
significance of metatarsal length relationships following tripla-
nar TMT arthrodesis for HV correction.

Conclusion

Triplane first TMT arthrodesis consistently had minimal
bone removal and yielded satisfactory results with mainte-
nance or even improvement in sagittal plane alignment,
without any subsequent cases of lesser metatarsalgia at
6 months postoperation.
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