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A B S T R A C T

Background: A common challenge in flatfoot reconstruction arises when there are multiple locations of
collapse within the medial column. An extension of arthrodesis may lead to complications such as
stiffness or adjacent joint arthritis. The purpose of this study was to report outcomes of flatfoot
reconstruction using the dynamic medial column stabilization (DMCS) technique, which transfers the
flexor hallucis longus (FHL) tendon to the first metatarsal base to support the entire medial column.
Methods: We retrospectively reviewed 14 consecutive patients (14 feet) who underwent DMCS as an
adjunct to flatfoot reconstruction. In all cases, a medial displacement calcaneal osteotomy and
gastrocnemius recession were performed to address hindfoot valgus deformity and heel cord tightness,
respectively. Deformity correction was assessed using preoperative and postoperative weightbearing
radiographs. The newly defined metatarsal-cuneiform articular angle (MCAA) and naviculo-cuneiform
articular angle (NCAA) were measured to assess correction at each medial column joints. Clinical
outcomes included the FFI and VAS scores. Any complications related to the surgery were investigated.
Results: All radiographic parameters significantly improved postoperatively. The sagittal plane correction
occurred at all three joints within the medial column. Clinically, both FFI and VAS improved significantly
at the final follow-up. One patient developed plantar pain under the first metatarsal head that may have
been associated with the overtightening of the transferred tendon.
Conclusion: DMCS using FHL tendon transfer to the first metatarsal base was a useful technique for
restoring the medial arch and correcting three planar deformities in the setting of flatfoot deformity.

© 2020 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.

1. Introduction

A flatfoot deformity in adults is a multiplanar deformity
characterized by a progressive collapse of the medial arch,
abduction of the forefoot, and valgus hindfoot alignment [1].
While literature supports operative intervention for patients who
have failed conservative management, much controversy exists
regarding the optimal surgical methods, especially when the
deformity remains flexible [2,3].

As an elongation or attenuation of the posterior tibial tendon
(PTT) has often been considered a major factor in the etiology of
the flatfoot deformity [4], a combination of reconstructive
procedures often included a tendon transfer to stabilize the

talonavicular (TN) joint, in addition to lateral column osteotomies
[5–10]. However, the capacity of flexor tendon transfer to the
navicular has been scrutinized in recent studies [11–14], and the
instability of the medial column distal to the TN joint frequently
requires correction through an osteotomy or arthrodesis [15,16].

A collapse of the medial longitudinal arch can occur through the
TN joint, naviculocuneiform (NC) joint, first metatarso-cuneiform
(MC) joint, or a combination of the three. However, the location of
the medial column instability is frequently unidentifiable at
preoperative evaluation, while occasionally appreciable following
surgery in the presentation of a secondary collapse. Furthermore,
when there are multiple apices within the medial column, an
extension of arthrodesis is often required, which can overload
adjacent joints and stiffen the medial column [17].

In an attempt to fully address the deformities and achieve a
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econstruction (Fig. 1). We hypothesized that this technique could
fficiently restore the medial longitudinal arch as well as correct
ultiple components of flatfoot deformity and improve clinical
utcomes. The purpose of this study was to introduce our
echnique of dynamic medial column stabilization (DMCS) with
HL tendon transfer to the base of the first metatarsal and to
valuate the outcomes of flatfoot reconstruction using this
rocedure.

. Materials and methods

This was a retrospective study of prospectively collected data on
onsecutive patients who underwent flatfoot reconstruction
ombined with DMCS between 2017 and 2018. The DMCS was
ndicated in patients who presented with clinical symptoms of
atfoot deformity and radiographic evidence of medial column
ollapse combined with hindfoot valgus deformity. A patient with
ollapse at any location within the medial column (TN, NC, or MC
oint) was indicated for the procedure. Patients with fixed
eformity and radiographic evidence of advanced osteoarthritis
t the constituents of the medial column were not considered
andidates for this procedure.
The current study cohort included patients with a clinical and

adiographic follow-up of a minimum of two years following
urgery. Patients who were younger than 18 years old, received
oncurrent subtalar joint arthrodesis, lateral column lengthening,
r total ankle arthroplasty were excluded from the study.
Ultimately, a total of 14 patients (14 feet) constituted our study

ohort, with a mean age of 47.4 years (range, 23–69) and a mean
ody mass index of 23.7 kg/m2 (range, 19.5–29.1). There were 13
emales and one male. The mean follow-up period was 28.9
onths (range, 24–37). Demographic data are shown in Table 1.
egarding the symptoms of the patients, ten had sinus tarsi pain,
ve had accessory navicular pain, five had sole pain, and two had
edial pain along the course of PTT.
All patients failed conservative treatment, including non-steroi-

al anti-inflammatory drugs, physical therapy, and orthotics. In all
atients, MDCO and gastrocnemius recession were performed to

address hindfoot valgus deformity and heel cord tightness,
respectively. In one patient who presented severe PTT degeneration,
debridement of the diseased tendon was carried out without flexor
digitorum longus (FDL) tendon transfer. In five patients who
presented with accessory navicular pain, the accessory bone was
shelled out from the PTT, and the tendon was reattached in situ
without advancement. Six patients underwent concurrent hallux
valgus correction, andtwo underwent Weil osteotomy for second ray
metatarsalgia. The local ethics committee approved the protocol of
this study. Informed, written consent for the study was obtained
from all patients.

2.1. Surgical technique

First, a coronal plane correction with MDCO was performed, and
the wound was closed. A dorsally curved incision, approximately
nine centimeters long, was made over the medial aspect of the foot
from the midportion of the first metatarsal to the navicular
tuberosity (Fig. 2A). The skin, subcutaneous layer, and deep fascia
were elevated as a single layer. Careful dissection was performed to
not injure the insertion of the tibialis anterior tendon or the medial
branch of the superficial peroneal nerve. The abductor hallucis
muscle was retracted plantarly, and the origin of the flexor hallucis
brevis (FHB) was visualized and incised at the plantar aspect of the
medial cuneiform. In this area, the FHL tendon is located just below
the FHB origin. It can be easily identified without damaging the
branch of the medial plantar nerve when the blunt dissection of soft
areolartissues iscarried out afterseveringthe tendinousorigin of the
FHB. Then, another two-centimeter long incision was made at the
medial aspect of the proximal phalanx of the big toe, where the FHL
tendon was visualized and detached (Fig. 2B). Then the FHL tendon
was retrieved through the proximal wound (Fig. 2C). Locking sutures
were placed at the end of the FHL tendon for handling. While the FHL
tendon was pulled distally and medially, the connecting slip to the
FDL was released from the FHL. The proximal two centimeters of the
dorsum at the base of the first metatarsal were exposed, and the
stability of the MC joint was evaluated. Dorsal instability of the joint
was observed in all patients. With a small retractor placed at the
lateral aspect of the first metatarsal, a tunnel was created at the base
of the first metatarsal with a 5 mm sized reamer. The tunnel started
about 12 mm distal to the MC joint from dorsal-distal to plantar-
proximal direction targeting about 8 mm distal to the MC joint
(Fig. 2D). The FHL tendon was passed from plantar to dorsal through
the tunnel, then it was stabilized with a tenodesis screw with the
ankle in about 10–20 degrees of plantarflexion, and the first
metatarsal head was slightly pushed plantarward to prevent
dorsiflexion at the MC joint (Fig. 2E). The FHL tendon was passed
beneath the tibialis anterior tendon, and sutures were placed
between the insertion of the tibialis anterior and the FHL for
additional stabilization (Fig. 2F). Additional sutures were placed
between the FHL and the adjacent tissues, including the capsule of
the MC joint and thick fibrous tissues over the plantar medial aspect
of the medial cuneiform. Wound closure was then achieved in a
stepwise fashion.

Postoperatively, the patients were placed in a neutral position
cast for six weeks. At six weeks postoperative, the cast was
removed, and partial weightbearing was permitted. Patients were
allowed to progress to full weightbearing as tolerated at 11 weeks
after surgery. The postoperative protocol was uniform for all
patients regardless of concomitant accessory navicular excision or
ig. 1. Illustration of lateral weightbearing radiographs before (A) and after (B) the
ynamic medial column stabilization. The flexor hallucis longus tendon is harvested
om its distal end and transferred to the base of the first metatarsal bone,
upporting the entire joints within the medial column.

2

gastrocnemius recession.

2.2. Radiographic assessment

Radiographic evaluation was performed to assess preopera-
tive alignment and two-year postoperative correction of the
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foot. The weightbearing foot anteroposterior (AP) view was used
to measure the talonavicular coverage angle (TNC) [18–20]. On
the weightbearing lateral view of the foot, the talo-first
metatarsal angle (Meary’s angle), medial cuneiform height,
and calcaneal pitch angle (CP) were measured [18–20]. In
addition, to assess correction at each medial column joint, the
newly defined metatarsal-cuneiform articular angle (MCAA) and
naviculo-cuneiform articular angle (NCAA) were measured
(Fig. 3). The MCAA was the angle between the proximal articular
surface of the first metatarsal bone and the distal articular
surface of the medial cuneiform. The NCAA was an angle
between the proximal articular surface of the navicular and
distal articular surface of the medial cuneiform. Both MCAA and
NCAA were deemed positive when there was a plantar sag
within the medial column. To assess the amount of correction at
each joint within the medial column, the amount of correction
of each individual joint was calculated. A correction at the MC-

All parameters were digitally measured using a metric software
system. The radiographic measurement was performed by two
independent observers for interclass correlation. The reliability of
all radiographic parameters was determined. The intraclass
correlation coefficient (ICC) was used for interobserver and
intraobserver reliability.

2.3. Clinical evaluation

Patient-reported outcomes were determined using the Foot
Function Index (FFI) and Visual Analogue Scale (VAS) for pain. FFI
has been previously validated in a variety of scientific publications
concerning foot and ankle surgeries [22]. All patients completed
FFI and VAS preoperatively and at a minimum of two years
following surgery. Complications related to surgery were recorded
during the retrospective chart review. Additionally, patients were
asked to document any discomforts associated with the harvest of

Table 1
Patient Demographics and Concurrent Procedures with Dynamic Medial Column Stabilization.

No. Sex Age Side BMI (kg/m2) Concurrent procedures FU (mon)

1 F 50 R 20.1 MDCO, GR, DCMO 30
2 F 62 R 26.1 MDCO, GR, DCMO 25
3 M 32 R 23.5 MDCO, GR 37
4 F 54 L 20.5 MDCO, GR, PTT debridement 34
5 F 53 R 22.1 MDCO, GR, ANE 32
6 F 38 R 18.7 MDCO, GR, ANE 31
7 F 56 L 25 MDCO, GR, ANE 32
8 F 49 R 27.8 MDCO, GR, Weil 29
9 F 50 R 21.9 MDCO, GR, DCMO, ANE 25
10 F 69 R 20.3 MDCO, Weil 26
11 F 66 L 26.2 MDCO, GR, DCMO 28
12 F 35 R 19.6 MDCO, GR, ANE 24
13 F 23 L 26.6 MDCO, GR, DCMO 26
14 F 26 R 22.7 MDCO, GR, DCMO 24

R, right; L, left; BMI, body mass index; MDCO, medial displacement calcaneal osteotomy; GR, gastrocnemius recession; DCMO, distal chevron metatarsal osteotomy; PTT,
posterior tibial tendon; ANE, accessory navicular excision; Weil, 2nd metatarsal Weil osteotomy; FU, follow-up.

Fig. 2. Intraoperative images describe the dynamic medial column stabilization procedure. Site of the incision (A). Harvesting the flexor hallucis longus (FHL) tendon at its
insertion with a separate incision (B). The FHL tendon was retrieved through the proximal incision. The length of the FHL tendon is sufficient enough to support the entire
medial longitudinal arch (C). The tunnel was made at about one centimeter distal to the metatarsocuneiform joint (D). The FHL tendon was passed from plantar to dorsal
through the tunnel. Then it was stabilized with a tenodesis screw (E). The FHL tendon was passed beneath the tibialis anterior tendon, and sutures were placed between the
insertion of the tibialis anterior and the FHL for additional stabilization (F).
and NC joint was assessed by changes of the MCAA and NCAA,
respectively. A correction at the TN joint was calculated by
subtracting the sum of changes of the MCAA and NCAA from
changes in the Meary angle. Hindfoot alignment was analyzed
with the hindfoot moment arm (HMA) and hindfoot alignment
angle (HAA) in the alignment view [21].
3

the FHL tendon at their final follow-up.

2.4. Statistical analysis

Descriptive statistics are shown for numerical variables. The
mean and standard deviations are reported when variables follow
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 normal distribution. The Shapiro-Wilk test was used to assess the
ormality in the dataset. The Wilcoxon signed-rank test was used
o analyze statistical significance in the difference between pre-
nd postoperative radiographic measurements and patient-
eported outcomes. Statistical significance was determined as a
-value of less than 0.05. All statistical analysis was performed in
rism 8 for Mac (GraphPad, CA, US).

. Results

All parameters measured on radiographs at a minimum of two
ears after surgery showed a statistically significant correction
ompared to the preoperative measurements. Preoperatively, the
CAA in 12 patients (86%) and the NCAA in all patients were
bserved to have a positive value, suggesting a large number of
atients had multiple apices within the medial column. Postoper-
tively, both the MCAA and NCAA displayed correction with
tatistical significance (Table 2).
All three joints within the medial column demonstrated

adiographic correction. The majority of correction within the
edial column occurred at the TN joint (7.6 � 6.1 degrees)

ollowed by the NC joint (2.6 � 0.9 degrees), and MC joint
1.3 � 0.1 degrees, Fig. 4).

In the reliability analysis of the radiographic measurements, the
CC for interobserver comparisons ranged from 0.84 to 0.92, and
he ICC for intraobserver comparisons, from 0.92 to 0.98 (Table 3).

Clinically, both FFI (from 55.2 � 14.6 preoperatively to 13.4 � 10
ostoperatively, p < 0.001) and VAS (from 7.6 � 1.1 preoperatively
o 1.7 � 1.1 postoperatively, p < 0.001) improved significantly at the
nal follow-up (Fig. 5).

4. Discussion

In the current study, we examined the outcomes of flatfoot
reconstruction using the DMCS technique, which was proposed to
support the joints of the medial column by FHL tendon transfer to
the first metatarsal base. The DMCS demonstrated a correction at
all joints of the medial column and satisfactory three planar
radiographic corrections without the need for arthrodesis of the

ig. 3. Demonstration of radiographic measurements. (A) TNC (talonavicular coverage angle) was measured in weightbearing foot anteroposterior view. (B) HAA (hindfoot
lignment angle, a negative value indicates valgus angulation) and HMA (hindfoot moment arm, a negative value when the calcaneus is lateral to the tibial axis) were
easured in hindfoot alignment view. (C) The Meary (lateral talo-1st metatarsal angle, a positive value indicates planus), CP (calcaneal pitch angle) were measured in
eightbearing foot lateral view. (D) In addition, the NCAA (naviculocuneiform articular angle) and MCAA (metatarsocuneiform articular angle) were measured in
eightbearing foot lateral view.

Table 2
Comparison of the Radiographic Measurements Before and After Surgery.*

Preoperative postoperative p-value

Foot anterior view
TNC (�) 20.3 � 7.8 14.9 � 7.7 < 0.001

Foot lateral viewa

Meary (�) 24 � 6.1 12.4 � 5.2 < 0.001
NCAA (�) 7.6 � 3.3 5.0 � 2.4 < 0.05
MCAA (�) 1.4 � 0.9 0.1 � 0.8 < 0.001
Medial cuneiform height (mm) 8.9 � 2.1 11.7 � 2.3 < 0.001
CP (�) 17.5 � 5.1 20.3 � 4.7 < 0.001

Hindfoot alignment viewb

HMA (mm) �6.1 � 3.9 2.0 � 4.9 < 0.001
HAA (�) �8.2 � 3.7 1.7 � 3.9 < 0.001

TNC, talonavicular coverage angle; MCAA, first metatarso-cuneiform articular
angle; NCAA, naviculo-cuneiform articular angle; Meary, lateral talo-1st metatarsal
angle; CP, calcaneal pitch angle; HMA, hindfoot moment arm; HAA, hindfoot
alignment angle.

* The values are given as the mean and standard deviation.
a The positive numbers in NCAA, MCAA, and Meary represent planus (plantar

apex) arch.
b The negative numbers in HMA and HAA represent valgus alignment.
With regard to complications following surgery, one patient
eveloped plantar pain under the first metatarsal head that was
ot resolved until the final follow-up. The patient did not undergo
dditional surgery since her pain was manageable with a
ustomized insole. None of the patients complained of discomfort
elated to FHL tendon harvest from the big toe.
4

joint (Fig. 6). All patients exhibited clinical improvements without
a significant procedure-related complication within two-years of
follow-up.

Traditionally, PTT dysfunction has been understood as the cause
of flatfoot deformity in adults [4,23]. Therefore, the surgical
management prioritized procedures that augment or substitute
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the PTT function, most commonly FDL transfer to the navicular
[5–9]. However, recent research has raised considerable uncer-
tainty about the ability of deformity correction through FDL
transfer [11–14]. Furthermore, additional procedures such as
osteotomy or arthrodesis are often required to augment the
medial column instability distal to the TN joint.

In many circumstances, there may be multiple apices within the
medial column, and the source of medial column instability is not

always readily appreciable preoperatively. The inability to correct
all components of instability within the medial column may lead to
secondary collapse after flatfoot correction, giving way to poor
outcomes [17]. Although a medial cuneiform (Cotton) osteotomy
has been reported to be effective in restoring medial longitudinal
arch [24], its use in patients with instability at the MC or NC joint is
limited [25]. A surgical extension of arthrodesis can be an option in
the instance of multiple apices; however, this will lead to an
overload of the adjacent joints and stiffen the medial column [17].

In an effort to address all deformities of the medial column
joints without stiffening, we transferred the FHL tendon distal to
the MC joint. As proven by the changes in the MCAA and NCAA, this
produced correction at the MC and NC joint as well as TN joint and
maintained correction during the follow-up period (Figs. 7 and 8).

In addition to sagittal plane correction, the DMCS demonstrated
an ability to correct an axial plane deformity through the TN joint.
Traditionally, forefoot abduction deformity was understood to be
best addressed with lateral column lengthening (LCL) [7,26], since
this offers correction through the Chopart joint with its proximity
to the lever. However, due to the nature of non-anatomical
lengthening, several concerns exist regarding LCL, such as stiffness,
lateral column overload, and calcaneocuboid joint arthritis [27–
30]. Furthermore, LCL is a sensitive procedure in which a titration
of correction is mostly dependent on the surgeon’s experience
[26]. Therefore, we adopted MDCO in addition to DMCS to correct
hindfoot valgus deformity as well as to protect the transferred FHL
tendon at the medial column.

Whether the DMCS can substitute the role of the LCL is beyond
the scope of this study. However, it is our belief that leaving a
flexible medial column with DMCS is desirable in flatfoot
correction since this will help adjustment of the foot on the
ground even if the lateral column becomes stiff following LCL or
subtalar arthrodesis.

FHL has demonstrated the functional ability in substituting an
impaired Achilles tendon function in numerous investigations [31–
35]. Besides, the FHL can provide a longer span than the FDL when
it is harvested from its insertion. Therefore, we postulated that the
FHL tendon transfer is a superior option to efficiently support the
entire medial column when compared to the FDL. In our DMCS, the
transferred FHL tendon runs from the sustentaculum tali, just
beneath the TN joint, supporting the entire medial column through
its insertion at the first metatarsal base. We believe it offers direct
and dynamic support of the TN joint similar to the static support of
the spring ligament (superomedial calcaneonavicular ligament)
[36], conveying both sagittal and axial correction at the TN joint.

Fig. 4. The amount of correction obtained at each joint within the medial column.
Overall, the largest amount of correction occurred at the talonavicular (TN) joint,
followed by the naviculocuneiform (NC) joint and metatarso-cuneiform (MC) joint.

Table 3
Interobserver and Intraobserver Reliability of the Radiographic Parameters.

Reliability (95% confidence interval)

Measurement Interobserver Intraobserver

Foot anterior view
TNC 0.88 (0.62 to 0.96) 0.98 (0.81 to 0.99)

Foot lateral view
Meary 0.86 (0.57 to 0.96) 0.93 (0.77 to 0.98)
NCAA 0.84 (0.51 to 0.95) 0.96 (0.87 to 0.99)
MCAA 0.84 (0.47 to 0.95) 0.98 (0.92 to 0.99)
Medial cuneiform height 0.89 (0.67 to 0.96) 0.92 (0.58 to 0.98)
CP 0.92 (0.75 to 0.97) 0.98 (0.95 to 0.99)

Hindfoot alignment view
HAA 0.86 (0.44 to 0.96) 0.96 (0.85 to 0.99)
HMA 0.84 (0.49 to 0.95) 0.97 (0.89 to 0.99)

TNC, talonavicular coverage angle; MCAA, first metatarso-cuneiform articular
angle; NCAA, naviculo-cuneiform articular angle; Meary, lateral talo-1st metatarsal
angle; CP, calcaneal pitch angle; HMA, hindfoot moment arm; HAA, hindfoot
alignment angle.
Fig. 5. Clinical outcomes before and after surgery. Both postoperative FFI and VAS revealed statistically significant improvements than preoperative ones (p-value for both FFI
and VAS < 0.001). Abbreviations: FFI, foot function index; VAS, visual analogue scale.
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ig. 6. Radiographs before (A, B, and C) and after (D, E, and F) the flatfoot reconstruction with dynamic medial column stabilization (DMCS) showing three planar corrections
cluding the axial (A and D), coronal (B and E), and sagittal plane (C and F). Note the radiographic improvement at each joint at the medial column before and after the DMCS

C and F).

ig. 7. Pre- and postoperative radiographs of 62-year-old female (left) and 54-year-old female (right), both of which demonstrates successful three planar corrections after
atfoot reconstruction with dynamic medial column stabilization.
Harvesting the FHL may be associated with complications such
s weakness of hallux plantarflexion strength or weakness of
ntrinsic muscles. However, we did not encounter those compli-
ations in our study cohort. This concurs with observations of
6

previous studies that utilized the FHL for Achilles tendon diseases
[32,37]. Theoretically, cock-up deformity of the big toe might occur
following the harvest of the FHL at its distal insertional site. To
remedy this probable complication, the initial approach included
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leaving a distal tendon remnant for a potential soft tissue plication
in the event of resulting cock-up deformity. However, as we have
not encountered patients with this complication.

One patient from this study exhibited pain at the plantar side of
the first metatarsal head, which developed upon weightbearing.
We reason that too much tension on the transferred FHL may have
resulted in excessive plantarflexion of the first metatarsal. After
this observation, we took great care to control the tension of the
construct by fixating the tendon at 10–20 degrees of ankle
plantarflexion.

This study has several limitations. First, this was a retrospective
study with a relatively small number of patients. However, this
investigation aimed to report our technique and its preliminary
outcomes with a minimum follow-up of two. Second, this study
included a varying degree of preoperative deformity. Therefore, the
indications for this procedure cannot be precisely clarified within
the current study. Third, the concurrent procedures such as hallux
valgus correction and accessory navicular excision may have
affected the outcomes of the surgery. However, it is already well
known that these procedures have minimal effect on arch
parameters and abduction deformity of the foot. Fourth, although

we examined the instability of the MC joint by measuring the
MCAA with good reliability, this measurement only shows
instability when there is a plantar gap and thus does not reflect
the dorsal displacement of the first metatarsal relative to the
cuneiform. However, we verified that instability in the form of a
plantar gap or dorsal displacement was successfully corrected with
this procedure (Fig. 9). Lastly, this study only reported the
outcomes of DMCS with MDCO. Thus, the outcomes in combina-
tion with LCL or subtalar arthrodesis in more severe presenting
deformities ought to be investigated, representing the hypothesis
of our subsequent study.

In conclusion, this study reviewed and examined the outcomes
of our DMCS technique in treating flatfoot deformity in adults. The
DMCS offered satisfactory radiographic correction of the entire
medial column joints without the need for arthrodesis; however,
the long-term effect of permanent loss in the FHL function needs to
be carefully observed. Furthermore, we recorded satisfactory
patient-reported outcomes after a minimum follow-up of two
years. We conclude that this technique represents a viable surgical
option for patients with medial column instability with multiple
apices.

Fig. 8. Pre- and postoperative radiographs of 50-year-old female (left) and 49-year-old female (right) demonstrate successful three planar corrections after flatfoot
reconstruction with dynamic medial column stabilization.
Fig. 9. Radiographs are showing the correction at the metatarsocuneiform joints. Either form of the instability, plantar gapping (A, asterisk), or dorsal displacement (C,
arrowheads) corrected after the dynamic medial column stabilization (C and D).
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