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ABSTRACT

Lapidus arthrodesis is a powerful procedure that can be used to correct pathologic features within the forefoot
or midfoot. Many different methods of fixation for this procedure have been reported. The use of plating
constructs has been shown to provide increased stability compared with screw-only constructs. The technique
we have described consists of a plantar to dorsal retrograde lag screw across the arthrodesis site, coupled with
a low-profile medial locking plate. A total of 88 consecutive patients were treated with this modification of the
Lapidus procedure by 2 surgeons and were retrospectively evaluated. All patients followed an early post-
operative weightbearing protocol. Patient age, gender, follow-up duration, interval to weightbearing and
radiographic fusion, preoperative and postoperative intermetatarsal angle, hardware removal, preoperative
and postoperative American Orthopaedic Foot and Ankle Society midfoot scores, and adjunct procedures were
analyzed. The mean follow-up period was 16.76 + 5.9 (range 12 to 36) months, and all healed fusions
demonstrated radiographic union at a mean of 51 + 19.1 (range 40 to 89) days. The patients were treated with
weightbearing starting a mean of 10.90 + 4.1 (range 5 to 28) days postoperatively. Complications included 15
patients (17%) requiring hardware removal, 2 cases (2%) of hallux varus, 6 cases (7%) of radiographic recurrent
hallux valgus, and 2 patients (2%) with first metatarsocuneiform nonunion. The results of the present study
have demonstrated that plantar lag screw fixation with medial locking plate augmentation for Lapidus
arthrodesis allows for early weightbearing with satisfactory outcomes, improved clinical and radiographic

alignment, and improved American Orthopaedic Foot and Ankle Society scores.
© 2013 by the American College of Foot and Ankle Surgeons. All rights reserved.

More than 130 procedures have been described for the treatment
of hallux abductovalgus (HAV) (1). Indications for the Lapidus
procedure include the presence of hypermobility in the first ray,
a large first intermetatarsal angle (IMA), arthrosis of the first meta-
tarsocuneiform joint, recurrent HAV, instability of the medial column,
and some cases of juvenile HAV. Many different internal fixation
options have been described for the Lapidus procedure. Furthermore,
a number of surgeons have recommended a postoperative course of
non-weightbearing for up to 6 to 8 weeks or longer after Lapidus
arthrodesis. In the present retrospective cohort study, we have
described an alternative internal fixation option for the Lapidus
procedure that will provide increased construct stability and, ulti-
mately, allow the patient to bear weight on the operated foot early in
the postoperative period. The construct consists of the combination of
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a retrograde plantar to dorsal lag screw directed from the plantar
aspect of the first metatarsal to the superior aspect of the medial
cuneiform, combined with a low-profile, medially applied, locking
plate placed across the arthrodesis site.

Patients and Methods

To be included in the cohort, consecutive patients had to have undergone Lapidus
arthrodesis with a plantar to dorsal retrograde lag screw combined with a low-profile
locking plate applied medially across the arthrodesis site and to have had a minimum of
1 year of follow-up. Two surgeons (J.M.C., A.M.V.) performed all the procedures, and the
patients were identified in the surgeons' practices. A retrospective chart assessment
was performed of all patients with a minimal follow-up of 1 year, and the data were
reviewed by both of us (J.M.C., AM.V.). Additional inclusion criteria were a painful HAV
deformity for which conservative treatment had failed, an IMA greater than 10°, clinical
or radiographic evidence of first MTC instability in the coronal or sagittal plane (ie,
plantar gapping of first MTC joint on lateral view), clinical signs of systemic laxity, and
any revision hallux valgus correction procedure. The exclusion criteria included any
previous attempted Lapidus fusion, Charcot neuropathy, diabetes, an intermetatarsal
angle less than 10°, and first metatarsal-phalangeal joint arthritis.

The demographic variables, including gender, age, extremity involved, pre- and
postoperative first IMAs, follow-up duration, and interval to full weightbearing were
recorded. The radiographic review included evaluation of the interval to union of the
arthrodesis site and evaluation of the weightbearing preoperative and postoperative
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first IMAs. The first IMA was measured and compared using the technique described by
Sangeorzan and Hansen (2) with a digital caliper. Osseous union was ascertained by the
presence of trabeculation across the fusion site on 3 radiographic views taken with
a digital x-ray machine and evaluated by us (J.M.C., A.M.V.). Any hardware complica-
tions were recorded, along with the removal of hardware and the mean interval to
removal. Adjunct procedures performed in conjunction with the Lapidus arthrodesis
were also recorded. In addition, the American Orthopaedic Foot and Ankle Society
preoperative and postoperative midfoot scores were compared (3,4).

The data were considered in regard to type and distribution. Statistical comparisons
were made between the preoperative and postoperative radiographic values and
American Orthopaedic Foot and Ankle Society scores. Statistical significance was
defined at the 5% level (p < .05).

Surgical Technique

The surgical procedure was performed according to the technique described by
Cottom (5). A standard lateral release of the first metatarsal-phalangeal joint was
performed. Next, after meticulous preparation of the fusion site, a guide wire for a
4.5-mm screw was placed in the central aspect of the first metatarsal base and driven
inferior, aiming for the proximal metaphyseal-diaphyseal junction of the first meta-
tarsal (Fig. 1). The wire was driven though the plantar skin under the first metatarsal;
the tip of the wire should just be visible within the first metatarsal so that the joint
surfaces can be apposed. If deemed necessary, demineralized bone matrix (used by
J.M.C.) or autogenous bone (used by A.M.V.) can be placed within the fusion site. The
first IMA was then reduced with a large, pointed, bone reduction clamp. This was done
by placing 1 arm of the clamp on the lateral aspect of the second metatarsal head
through the incision used to perform the lateral release, with the other arm placed over
the medial aspect of the first metatarsal. The clamp was then closed, and the first IMA
was “dialed” to the desired amount of correction (Fig. 2). The hallux was then dorsi-
flexed, and the surgeon was able to compress the fusion site and manipulate the base of
the first metatarsal in the sagittal plane to the desired level. The guide wire was then
driven in a retrograde manner into the medial cuneiform. Placement of the wire was
confirmed with both anteroposterior and lateral views intraoperatively to ensure the
navicular-cuneiform joint was not compromised (Fig. 3). Through a small stab incision
plantarly, and with careful retraction of the soft tissues, a 4.5-mm cannulated screw
was then inserted and compression of the arthrodesis site noted. At that point, a low-
profile, locking plate (LPS Lapidus Plate, Arthrex, Naples, FL) was positioned along the
medial aspect of the first metatarsal and medial cuneiform. Careful attention must be
given to avoid transecting the insertion of the anterior tibial tendon. A small “pocket”
was then created with a small hemostat, lifting as little as possible of the anterior tibial
tendon off the medial aspect of the medial cuneiform, to create room for the plate. The
plate was then provisionally fixed to the medial column and the position checked using
fluoroscopy (Fig. 4). Occasionally, a bony prominence will be noted at the base of the
first metatarsal and must be resected to allow the plate to lie flush with the bone. Once
the position was confirmed, locking screws were inserted proximally within the plate
into the medial cuneiform. Next, the compression slot within the plate was drilled,
aiming either proximally across the fusion site between the locking screws or, alter-
natively, eccentrically and perpendicular to the shaft of the second metatarsal. If the
screw was to be placed proximally, it was inserted using a lag technique. Finally, the

Fig. 2. Bone reduction clamp placed on the first and second metatarsal heads and the first
intermetatarsal angle is reduced and checked with fluoroscopy. One must be careful not to
fracture the metatarsal heads with this maneuver.

distal locking screw was inserted within the plate, and the bone reduction clamp was
removed. At this point, the hypertrophic bone at the medial aspect of the head of the
first metatarsal can be resected if necessary (Fig. 5). Closure was performed in anatomic
layers, and a sterile gauze bandaged was applied. Postoperatively, the patient used
a short-leg boot walker and crutches. Postoperatively, the patient was kept non-
weightbearing for 7 to 10 days until skin wound healing had occurred. The patient was
then allowed full weightbearing in the boot walker, with an attempted return to regular
shoe gear at 6 to 8 weeks postoperatively, as allowed by the swelling about the oper-
ative site. In addition, once the patient returned to regular shoe gear, physical therapy
was initiated.

Results

A total of 88 patients met our inclusion criteria and were included
in the analyses. No patients were lost to follow-up. The mean duration
of follow-up was 16.76 (range 12 to 36) months. Of the 88 patients, 72
were females (81.82%) and 16 were males (18.18%). Their mean age
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Fig. 1. Guide wire for 4.5-mm cannulated screw introduced into base of first metatarsal
and directed out the plantar aspect of the first metatarsal at the proximal diaphyseal-
metaphyseal junction. The wire should exit the plantar aspect of the foot. Note, the central
placement of the wire in the first metatarsal base.

Fig. 3. The hallux is dorsiflexed and the Windlass mechanism engaged. The first meta-
tarsal can be manipulated in the sagittal plane and the fusion site compressed. The guide
wire is then moved retrograde into the medial cuneiform. The position of the wire is
checked using fluoroscopy.
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Fig. 4. Low-profile locking plate applied to the medial aspect of the fusion site. Careful
attention should be paid not to disrupt the insertion of the anterior tibial tendon. The
position of the plate is checked with fluoroscopy before definitive fixation is placed.

was 61.9 (range 22 to 81) years at surgery. The right foot was involved
in 55 cases (63%) cases and the left in 33 (37%). No bilateral cases were
included in the present series. The mean interval to full weightbearing
in a controlled ankle motion walking boot was 10.9 (range 7 to 28)
days. Radiographic union at the Lapidus arthrodesis site was deemed
complete at a mean of 51 (range 41 to 68) days. Adjunct procedures
included distal soft tissue first metatarsophalangeal joint lateral
release in all 88 patients (100%). Additional procedures included bone
marrow aspiration from the ipsilateral calcaneus and deposited at the
fusion site in 66 (75%), autogenous calcaneal bone graft harvest and
interposition at the fusion site in 22 (25%), Weil osteotomy of a lesser
metatarsal in 51 (57.8%), DuVries lesser metatarsal head con-
dylectomy in 19 (21.6%), tailor’s bunionette correction in 4 (4.55%),
Youngswick-modified chevron bunionectomy in 4 (4.55%), and an
Akin hallux osteotomy in 10 (11.36%). In 2 patients, (2.27%), nonunion
occurred at the Lapidus fusion site; 1 patient (1.14%) underwent
revision at 6 months and the other at 9 months postoperatively. One
of the nonunion cases was revised with hardware removal, distal
tibial bone graft, and revision plate and screw fixation. In this revision,
a similar construct with an additional dorsal to plantar screw was
used. The plate was applied further dorsally than normally to allow for
better screw purchase, given the bone void from the previous plate

and screw construct medially. The second nonunion case was suspi-
cious for infection; thus, this patient underwent hardware removal
and bone biopsy. The bone biopsy did not reveal any microorganism
growth and was deemed an aseptic nonunion. To date, the latter
patient has remained minimally symptomatic and has not required
revision of the arthrodesis.

The first IMA was measured and compared with a weightbearing
radiograph both preoperatively and postoperatively once the
patients were full weightbearing after their Lapidus fusion procedure.
The mean preoperative first IMA was 19.73° (range 10.5° to 31°);
postoperatively, it was 4.32° (range 0° to 6.5°; p < .001). The American
Orthopaedic Foot and Ankle Society midfoot scoring system was used
in the present study and demonstrated a mean preoperative score of
54.48 (range 37 to 78) and a mean postoperative score of 88.24 (range
72 to 95), and this improvement was statistically significant (p <
.001). The overall change in the preoperative and postoperative scores
was +33.76 (range 12 to 73). A total of 15 medial low-profile locking
plates (17%) were removed at an average of 22.5 (range 12 to 32)
months because of symptomatic prominence of the hardware in all 15
patients. Six patients (6.82%) displayed radiographic evidence of
recurrent hallux valgus, defined as the hallux drifting laterally more
than 20° postoperatively; however, none was clinically symptomatic
or required additional surgery. Two patients (2.27%) developed hallux
varus, 1 (1.14%) of whom underwent subsequent surgical revision. The
other patient with hallux varus was asymptomatic and has not
required additional surgery to date. Two patients (2.27%) developed
nonunion of the arthrodesis site. One patient (1.14%) remained
asymptomatic with a pseudoarthrosis and has not required additional
surgical intervention. In the 1 patient (1.14%) who underwent revision
surgery for nonunion of the Lapidus arthrodesis, the patient also had
dorsiflexion malunion and transfer metatarsalgia that was addressed
surgically during the revision procedure. No other patients in the
present series developed transfer metatarsalgia symptomatic enough
to require additional surgical intervention.

Discussion

Hypermobility of the first ray and medial column has been asso-
ciated with the onset of hallux valgus and lesser metatarsal overload
(6-8). Albrecht (9) was the first to describe a first tarsometatarsal
arthrodesis in 1911. In 1934, Lapidus (10) described his technique for
correcting hallux valgus through a wedge osteotomy of the first
metatarsal and fusion into the medial cuneiform, with fusion of the
first and second metatarsal bases without internal fixation. Since

Fig. 5. (A) Anteroposterior radiograph showing excellent reduction of the first intermetatarsal angle with all hardware in good position. (B) Lateral view demonstrating placement of the

plantar interfragmentary screw and plate fixation.
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then, numerous modifications to the original Lapidus procedure have
been introduced, including minimal bone resection and the addition
of multiple screws and/or plates to assist fusion (7,9,11-17). Multiple
fixation constructs have been well documented within published
studies of first metatarsal-medial cuneiform arthrodesis. In 2010, Klos
et al (6) reported on the stability of a medial locking plate with
a dorsal to plantar compression screw versus fixation with 2 crossed
screws. Eight pairs of fresh-frozen human specimens were used in
a matched pair test. In the plate and screw group, an “X-plate”
(X-locking plate 2.4/2.7 Synthes, Solothurn, Switzerland) was used.
The plates were first secured into the first metatarsal by screws into
the distal holes. Next, a 4-mm-diameter, cannulated, partially threa-
ded, stainless steel screw was inserted dorsally into the first meta-
tarsal and driven into the plantar aspect of the medial cuneiform.
Then, screws were inserted into the proximal holes within the plate.
In the crossed screw group, two 4-mm-diameter, cannulated, partially
threaded, stainless steel screws were inserted, the first from dorsally
to plantarly from the first metatarsal into the medial cuneiform and
the second from dorsally to plantarly from the medial cuneiform into
the proximal aspect of the first metatarsal. The screws crossed at
a point on the longitudinal axis of the first metatarsal. The specimens
were then tested in a 4-point bending test. The investigators found
that during cyclic loading conditions, the construct using a medial
locking plate with adjunct compression screw was superior to the
construct using 2 crossed screws.

Saxena et al (18) compared the outcomes of the Lapidus procedure
fixated with crossed lag screws versus a dorsal-medial locking plate
with a plantar lag screw. A total of 40 patients were included in their
retrospective study, with 19 patients in the crossed screw group and
21 in the plate with plantar lag screw group. In the plate group, a solid
3.5-mm screw was inserted plantarly from the base of the first
metatarsal into the medial cuneiform with a Darco Modular Rearfoot
System LPS Lapidus Plating System (Wright Medical Technology,
Arlington, TN) locking plate. The plate was applied dorsomedially
across the fusion site. This method was compared with 2 crossing
3.5-mm cortical fully threaded titanium screws applied in lag fashion.
One was directed from the plantar-medial aspect of the first
metatarsal into the medial cuneiform and the other from the dorso-
lateral aspect of the first metatarsal into the medial cuneiform. The
investigators noted no statistically significant differences related to
postoperative complications between the 2 groups but did note that
the plate group allowed for earlier weightbearing (4 weeks versus
6 weeks in the screw group).

Scranton et al (17) reported on 10 matched pairs of cadaver feet
that had either undergone the standard crossed 4.0-mm compression
screw or fixation with a medial LPS locking Lapidus Plate (Arthrex).
The cadaver constructs were stressed to failure using the INSTRON
(Norwood, MA) and Wavemaker software (San Diego, CA) and noted
that the load to failure was greater with the Lapidus plate and that the
increased rigidity provided by these plates might minimize the risk of
nonunion or malunion. A similar biomechanical study comparing the
construct mentioned in our report and in the study by Scranton et al
(17) was completed by 1 of us (J.M.C.). The study is pending publi-
cation in the “Journal of Foot and Ankle Surgery” and has demon-
strated an increase in the strength of the fixation construct by 86.4%.

In 2008, Gruber et al (13) reported on 10 matched lower extremity
pairs that either underwent a Lapidus procedure with 2 crossed,
4.0-mm, partially threaded, cannulated screws or a dorsomedial
locking plate (Darco Modular Rearfoot System) LPS Lapidus Plating
System (Wright Medical Technology), with a 4.0-mm, partially
threaded, cannulated screw inserted from the dorsal aspect of the first
metatarsal into the medial cuneiform. The specimens were then
loaded in 4-point bend configuration until failure or 3 mm of defor-
mation. The results demonstrated no difference in the load to failure

or stiffness between the 2 groups, and the plate construct did not
show different rigidity compared with the screw group.

Sorensen et al (8) reported on 21 patients who underwent
amodified Lapidus procedure with a dorsomedial locking plate. Of the
21 patients, 19 had concomitant application of an interfragmentary
screw, which was a partially threaded cannulated titanium screw. The
investigators did not describe the orientation of the interfragmentary
screw in their series. The locking plate was applied after screw fixa-
tion. They reported an average of 6.95 weeks to radiographic fusion,
an average of 2 weeks to ambulation, a 9.52% rate of asymptomatic
malunion, a 0% rate of delayed union or nonunion, and no revisions.

Klos et al (14) completed a cadaver study in 2011 to investigate the
possible benefit of a compression screw combined with a plantarly
applied, anatomically precontoured, plate versus a plate applied dor-
somedially. Six pairs of human cadavers were randomized to receive
either a dorsomedial H-shaped plate (Wright Medical Deutschland
GmbH, Raisting, Germany) or a plantar Lapidus plate (Wright Medical
Deutschland GmbH). In all samples, a 4-mm, cannulated, self-tapping,
compression screw with a partial thread pattern was introduced first
from the dorsal cortex of the first metatarsal into the medial cunei-
form. The specimens were then loaded quasistatically, followed by
cyclic loading to failure. The investigators noted in the static tests that
the plantar plate construct was superior to the dorsomedial plate
construct (14). They, therefore, concluded that plantar plating appears
to offer a biomechanical benefit in the Lapidus arthrodesis (14).

We believe that the fixation construct we have described is a useful
option for the Lapidus procedure. When a segment of bone is loaded
vertically, there is congruent contact between the ends of the bone.
During the stance phase of gait, potential disruptive distraction forces
are created at the inferior aspect of the fusion site. Placement of a lag
screw on the tension side of the arthrodesis can actually convert those
forces into compression. Biomechanically, this should be a more stable
and an inherently stronger fixation construct than the construct with
a screw oriented across the dorsal aspect of the fusion site. Additional
augmentation of plantar screw fixation with a medial locking plate
might provide greater stability and strength to the fusion.

The present study had several limitations, primarily those inherent
to all retrospective studies. First, just as with any radiographic eval-
uation, errors in patient positioning and rotation of the foot might
account for some variability in radiographic measurements. We
attempted to keep these errors to a minimum by having 1 of us
(J.M.C.) perform all the measurements using a digital caliper. The
small number of patients in the present series, the absence of
a control group, and the relatively short follow-up period, all
contributed to a less than perfect model. In addition, with the present
study, we noted an increased rate of complications, most of the
additional issues was related to the need for hardware removal only
and were easily addressed once the hardware had been removed. We
believe that hardware removal might be justified by the significantly
lower percentage of nonunion and recurrence in deformity, which are
more difficult to salvage, such as noted within our study.

The techniques described within the present report are additional
modifications to the Lapidus procedure and provide a rigid internal
fixation construct. In addition, this method has allowed early
weightbearing with reproducible and reliable results. The traditional
concept of the Lapidus procedure as a technically challenging proce-
dure with high risks, prolonged non-weightbearing, and extensive
postoperative recovery can perhaps be mitigated by this rigid
construct design.
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