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Aims

The purpose of this study is to examine the adductus impact on the second metatarsal by
the nonosteotomy nonarthrodesis syndesmosis procedure for the hallux valgus deformity
correction, and how it would affect the mechanical function of the forefoot in walking. For
correcting the metatarsus primus varus deformity of hallux valgus feet, the syndesmosis pro-
cedure binds first metatarsal to the second metatarsal with intermetatarsal cerclage sutures.

Methods

We reviewed clinical records of a single surgical practice from its entire 2014 calendar year.
In total, 71 patients (121 surgical feet) qualified for the study with a mean follow-up of 20.3
months (SD 6.2). We measured their metatarsus adductus angle with the Sgarlato’s method
(SMAA), and the intermetatarsal angle (IMA) and metatarsophalangeal angle (MPA) with
Hardy’s mid axial method. We also assessed their American Orthopaedic Foot & Ankle Soci-
ety (AOFAS) clinical scale score, and photographic and pedobarographic images for clinical
function results.

Results

SMAA increased from preoperative 15.9° (SD 4.9°) to 17.2° (5.0°) (p < 0.001). IMA and MPA
corrected from 14.6° (SD 3.3°) and 31.9° (SD 8.0°) to 7.2° (SD 2.2°) and 18.8° (SD 6.4°) (p
< 0.001), respectively. AOFAS score improved from 66.8 (SD 12.0) to 96.1 (SD 8.0) points (p
< 0.001). Overall, 98% (119/121) of feet with preoperative plantar calluses had them disap-
peared or noticeably subsided, and 93% (113/121) of feet demonstrated pedobarographic
medialization of forefoot force in walking. We reported all complications.

Conclusion

This study, for the first time, reported the previously unknown metatarsus adductus side-
effect of the syndesmosis procedure. However, it did not compromise function restoration of
the forefoot by evidence of our patients' plantar callus and pedobarographic findings.
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Hallux valgus (HV) is a common foot defor-
mity and the commonest surgical condi-
tion of the foot. Its surgical result correlates
with correction of its underlying metatarsus
primus varus (MPV) deformity.! MPV defor-
mity is varus deviation of a destabilized
first metatarsal.>* The fundamental surgical
principles in MPV correction are first meta-
tarsal realignment and re-stabilization. The
long-evolving osteotomy and arthrodesis

foot surgeons.** However, the soft-tissue
approach by the syndesmosis procedure (SP)
has also long been proven effective.®®

MPV deformity is an acquired and
progressive condition. Its first metatarsal and
metatarsocuneiform joint are unstable and
can be hypermobile.>* The intermetatarsal
binding concept by cerclage sutures has
been able to realign the first metatarsal satis-
factorily without osteotomy.? It realigns the
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Fig. 1

Sgarlato’s metatarsus adductus angle measurement method: Line A
extends between the most lateral point of the fourth metatarso-cuboid
and the calcaneo-cuboid joints. Line B extends between the most medial
point of the talo-navicular and the medial cuneiform-first metatarsal joints.
Line C extends between midpoints of lines A and B. Line D represents the
longitudinal axis of the second metatarsal bone. Line E is perpendicular to
line C and represents the longitudinal axis of the lesser tarsus. Sgarlato's
angle is between the lines D and E.

first metatarsal by binding it to the adjacent second meta-
tarsal with intermetatarsal cerclage sutures.’ It has also
been shown capable of restabilizing the first metatarsal
and preventing MPV recurrence by inducing a syndes-
motic soft-tissue bonding to stabilize the first metatarsal

to the second metatarsal.’”® However, the forces needed
for the correction of the MPV deformity and the mainte-
nance of the first metatarsal stability may affect the align-
ment of the second metatarsal, since first metatarsal bears
the most stress of forefoot for pushing-off in walking.”

This study was to primarily identify any significant
varus deviation effect on the second metatarsal and
related function compromise after the SP. We hypothe-
sized that any metatarsus adductus effect by the SP may
not compromise function restoration of the forefoot
because congenital MA deformity has not been known
to do so."?

Methods
The surgeon-author (DYW) has a surgical practice in
which he has applied the SP technique exclusively to
all his hallux valgus deformity corrections, regardless of
their severity, for more than 30 years. Our indications
for surgical correction were radiologically the interme-
tatarsal angle (IMA) greater than 9° or the metatarso-
phalangeal angle (MPA) greater than 15°, and clinically
unsuccessful alleviation of hallux valgus related pain
symtoms such as bunion bursitis, metatarsalgia, and
clawed lesser toes with conservative measures for more
than six months. The surgeon tried to follow up with
his surgical patients for two years whenever possible
for radiological, photographic, and pedobarographic
assessment. He randomly picked the 2014 calendar
year for this study. All available and relevant clinical
records and investigative images were retrieved from
his electronic databank and reviewed. He did not
specifically recall any patient for this study. No patients
were rejected and no other surgical techniques were
conducted. There was a total of 128 foot procedures in
73 patients. All working data for this study and more
than 850 working images can be found in Supplemen-
tary Material, including the seven excluded feet for
failing to return for a minimum six-month assessment
(Bilateral cases 1701 and 1735) and for their postoper-
ative stress fractures (Case 1697L, 1725 R and 1742 R).
The final cohort composed of 71 patients of 50 bilateral
procedures and 21 single procedures for a total of 121
foot-procedures. There were 62 females and nine males.
The mean follow-up time was 20.3 months (6 to 36).
The reason for not setting a longer minimum follow-up
criterion than six months was that past studies of the
SP revealed no more statistically significant MPV and
HV deformity recurrence from the sixth postoperative
month up to five years.®°

Patients' preoperative, six-month postoperative, and
final follow-up dorsoplantar-view radiographs were
reviewed. The majority of radiographs were done in the
surgeon-author’s clinic with patients standing over the
same foot markings on the platform of a computerized
digital podiatric x-ray machine manufactured by 20/20
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Fig. 2
Schematic illustration of key features of the syndesmosis procedure.

Imaging (USA) with its cathode tilted 30° posteriorly. Their
second metatarsal alignment relative to the lesser tarsals'
vertical axis was determined with the Sgarlato’s method
for measuring the metatarsus adductus angle (SMAA)™
(Figure 1). The HV deformity was defined by the MPA and
their MPV deformity was defined by the IMA. They were
all measured with Hardy’s mid-axial line method™ by the
same nurse in his clinic with the assistance of a built-in
software programme (Opal-RAD; Viztek, USA).

Patients' clinical results were determined by the 100-
point Hallux Metatarsophalangeal-Interphalangeal Scale
of the American Orthopaedic Foot and Ankle Society
(AOFAS)."™ Photographs of their pre- and final postoper-
ative plantar calluses and pedobarographic studies with
the F-scan of Tekscan (USA) were reviewed.

Surgical principle. The detailed surgical technique of the
SP has been well described in the past (Figure 2).43° The
correction of the MPV deformity is achieved by realign-
ing the first metatarsal and correction of the HV deform-
ity by releasing the distal lateral soft-tissue contracture.
The first metatarsal is realigned by tying it to the second
metatarsals with two No. 2 absorbable Polydioxanone
sutures (PDS) and two 2-O0 nonabsorbable Ethibond
double-strand cerclage sutures through 2 mm drill holes
in the distal half of the first metatarsal and around the
second metatarsal. Sutures were passed with a straight
loose needle through first metatarsal drill holes and then
around the second metatarsal with a curved loose nee-
dle. The distal lateral soft-tissue release was carried out
with an inverted "T" incision. The horizontal incision was
for releasing the metatarsosesamoid ligament to facilitate
fibula sesamoid spontaneous realignment. The vertical
incision was for releasing the lateral collateral ligament

of the metatarsophalangeal joint to facilitate spontane-
ous hallux realignment once the first metatarsal was re-
aligned with cerclage sutures. To minimize second met-
atarsal pressure erosion by the cerclage sutures, a mini
stainless steel plate was interposed between them. All
feet had their redundant medial skin and capsuloliga-
mentous tissues excised after first metatarsal realignment
and bunionectomy.

Additional surgery. Four feet also underwent capsulo-
tomy, collateral ligaments release and extensor tendon
lengthening of the metatarsophalangeal joint for dorsal
dislocation of clawed lesser toes. No other additional sur-
geries such as Akin,'® Weil,"” or other lesser metatarsal os-
teotomies was performed.

Postoperative protocol. Full weight-bearing walking
was allowed and crutches were indicated for outdoor
walking from the first postoperative day. Walking was
restricted to an average of 3,000 steps a day for three
months. All patients were instructed to carry out their
own toe exercises, and no patient required physiothera-
py. A forefoot cast was applied ten days postoperatively
when wounds had largely healed and swelling subsid-
ed. High-heeled shoes and running were allowed after
the sixth postoperative month.

Statistical analysis. The data were analyzed using JMP Pro
15.0.0 (SAS Institute, USA). Shapiro-Wilk test was used to
validate the normality assumption for the data that the
null hypothesis of data being normally distributed cannot
be rejected in all measurements. Paired t-test was adopt-
ed to test the effectiveness of the syndesmosis procedure
in terms of the mean of the differences of IMA or MPA be-
fore and after the surgery. Pearson correlation coefficient
was used to assess the strength of association between
two measurements. Partial correlation analysis was car-
ried out to assess the strength of correlation between two
variables by controlling for the effect of a third variable.
All tests were two-tailed, and a p-value < 0.05 was con-
sidered statistically significant.

Results

Radiological. IMA, and MPA were satisfactorily corrected
by the sixth postoperative month and maintained until
final follow-up examination (Table I). SMAA was signif-
icantly increased for the same time period (Table I). In
total, 72 (60%) preoperative and 90 (74%) final postop-
erative feet had SMAA > 15°.

AOFAS score. Preoperative AOFAS score averageda
mean of 66.8 (standard deviation (SD) 12.0) points and
improved to 96.1 (SD 8.0) points at the final follow-up
examination.

Plantar callus observation. Overall, 119 feet (98%) had
preoperative and final follow-up plantar view photo-
graphs. Of these, 104 feet had palpable and visible cal-
luses under the forefoot and 69 (66.3%) of these feet
had complete remission and the rest had substantial
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Table 1. Radiological finding of Sgarlato's metatarsus adductus angle (SMAA), intermetatarsalangle (IMA), and metatarsophalangeal angle (MPA) of the

cohort (n=121)

Timepoint Mean SMAA, ° (range) Mean IMA, ° (range) Mean MPA, ° (range)
Preop 15.9 (0 to 30) 14.6 (6.5 to 24.2) 31.9 (16.5 to 52.8)

6 mths 17.6 (-1 to 30) 7.5(2.9t012.8) 18.9 (8.4 to 38.9)

Final 17.2 (0 to 29) 7.2(1.3t0 14.2) 18.8 (4.8 t0 38.7)

Table II. Mean of Sgarlato's metatarsus adductus angle (SMAA), intermetatarsal angle (IMA), metatarsophalangeal angle (MPA), and American Orthopaedic
Foot and Ankle Society clinical score (AOFAS) at different periods and their corresponding mean improvements over different periods.

Mean value (SD)

Change between timepoints

Variable Preop (A) 6 mths (B) Final (C) B-A p-value C-A p-value C-B p-value
SMAA 15.88 (4.90) 17.60 (5.16) 17.17(4.99) 1.65 < 0.001 1.29 < 0.001 -0.33 < 0.001
IMA 14.55 (3.28) 7.52 (2.00) 7.18(2.19) -7.00 < 0.001 -7.37 < 0.001 -0.36 < 0.001
MPA 31.88 (8.00) 18.91 (5.83) 18.78 (6.37) -12.84 < 0.001 -13.10 < 0.001 -0.22 0.427
AOFAS 66.75 (12.00) 96.09 (7.98) 29.01 < 0.001

subsidence of their plantar calluses, except for one pa-
tient’s bilateral hallux callus (Supplementary Material:
Case 1681) from running marathons. The most common
callus site was under mid metatarsal heads of 86 feet
(71%), and 71 feet (82.6%) had complete remission.
Pedobarographic observation. In total, 116 feet (96%)
had preoperative and final follow-up pedobarographic
studies by F-scan examination, and 108 feet (93%) had
noticeable medialization redistribution of plantar force
from mid and lateral metatarsals to the first metatarsal.
Correlation analysis. Comparing to preoperative assess-
ments, there was a significant increase in SMAA and
AOFAS scores and a significant decrease in IMA and MPA
at all their assessment timepoints (p < 0.001), as summa-
rized in Table II.

There were moderate to strong correlations among
the AOFAS, IMA, and MPA improvements at the final
follow-up (Corr(AOFAS, IMA) = -0.534 (p < 0.001),
Corr(AOFAS, MPA) = -0.477 (p < 0.001), Corr(IMA, MPA)
= 0.745 (p < 0.001)), but these improvements had no
significant correlations with the preoperative SMAA
(Corr(SMAA, AOFAS) = -0.028 (p = 0.767), Corr(SMAA,
IMA) = -0.029 (p = 0.756), Corr(SMAA, MPA) = -0.011
(p = 0.909)) and postoperative SMAA (Corr(SMAA,
AOFAS) = 0.088 (p = 0.339), Corr(SMAA, IMA) = -0.090
(p = 0.327), Corr(SMAA, MPA) = -0.092 (p = 0.316, all
paired t-test)). A partial correlation analysis was carried
out to assess the strength of correlation between SMAA
and MPA by controlling for the effects of IMA. Moderate
partial correlations of 0.403, 0.499, and 0.421 (all p <
0.001) were observed at preoperative, six-month post-
operative, and final follow-up, respectively, which were
much stronger than their respective pairwise correlations
without controlling for the effects of IMA.

Complications. There was partial MPV deformity recur-
rence of final IMA > 10° in 10 feet (8%) that averaged a
mean of 11.4° (SD 0.8°) from 17.4° (SD 1.8°) preopera-
tively (Supplementary Table iii). There was also partial HV

deformity recurrence of final MPA > 20° in 46 feet (38%)
that averaged a mean of 25.1° (SD 4.5°) from 37.1° (6.6°)
preoperatively (Supplementary Table iv). One patient
developed more plantar callus (plantomedial aspect of
both great toes) postoperatively—a 55-year-old bilater-
al procedure male patient after having run seven mara-
thons during his first two postoperative years, without
complaining about pain and no more lateral wearing of
his running shoes (Supplementary Material: Case 1681).
Three feet (2.5%) suffered second metatarsal stress
fracture (Supplementary Material: Cases 1697 L, 1725
R, 1742 R). Three feet (2.5%) (Supplementary Material:
Cases 1712L, 1716 R, 1747 R) developed asymptomatic
peripheral ossification of the syndesmosis with reduced
intermetatarsal mobility. One foot (Supplementary Mate-
rial: Case 1746), a relatively young 63-year-old female
patient developed bilateral moderate hallux rigidus with
mild discomfort. She was still very satisfied with her
otherwise much-improved foot function. One patient
(Supplementary Material: Case 1748) had asymptomatic
widening of the 2 to 3 intermetatarsal space of her feet
after an excellent correction of her severe deformity. There
were no infections, transfer metatarsalgia, or neuralgia.

Discussion

The second metatarsal is the most stable of all five
metatarsals for its deeply embedded base among adja-
cent bones, and the first metatarsal is the strongest
to meet its greatest demand in loading for walking.™
Under certain circumstances, the first metatarsal may
become destabilized and displaced medially to develop
the MPV deformity.

Bone stability relies mainly on ligaments for its static
stability and muscles for its dynamic stability.’> The
exact mechanism for first metatarsal stability is complex
and not fully understood. Without any muscles
attached to it distally, it depends mostly on ligaments
for its static stabilization and the windlass mechanism
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Fig. 3
Cross-section of themetatarsus primus varus deformity demonstrating the
failure of its tie-barsystem at the medial metatarsosesamoid ligament.

for its dynamic stabilization.™" Stainsby?® described a
critical tie-bar system to maintain the stability between
metatarsal heads. The medial metatarsosesamoid liga-
ment of HV feet at the very medial end of this stabilizing
system was found attenuated and stretched to have
allowed the first metatarsal head to slip away medially
(Figure 3). This failed ligament seemed to be the final
common denominator of all acquired MPV deformity
(Supplementary Material: Case 1748). Many precipi-
tating factors behind this key anatomical failure have
been identified, such as heredity, female sex, shoes, and
degeneration.?' As the MPV deformity progresses, the
windlass mechanism will be compromised and the first
metatarsal becomes further destabilized.??

The concept of applying intermetatarsal cerclage
sutures for first metatarsal realignment and inducing a
syndesmotic bonding with the second metatarsals for
its stability was first reported in 1961.% It was originally
referred to as an "osteodesis" procedure, which may be
misconstrued as a "synostosis" process. Hence, Wu?
renamed it later to the syndesmosis procedure to reflect
its true objective of establishing a soft tissue bonding to

"B,

s1#1814

a) Preoperative standing radiograph of a 55-year-old femalewith bilateral
severe hallux valgus deformity Sgarlato’s metatarsus adductus angle
(SMAA) 17° and 14.5°, intermetatarsal angle (IMA) 17.8° and 19.3°, and
metatarsophalangeal angle (MPA) 35.6° and 48.1° of her left and right
foot respectively. There was also overlapping toes with both second
metatarsophalangeal joint (MP]) dorsally subluxated. b) Her two-year
postoperative standing radiograph showed the SMAA was 20° and 16.5°,
IMA 7.2°and 6.3°, and MPA 19.9° and 13.7° of her left and right foot
respectively. Both overlapping toes deformity and subluxated second
MPJs were reduced and maintained. Preoperative metatarsosesamoid
dissociation was also much improved. Both metatarsophalangeal joints
and metatarsocuneiform joints’ congruences were improved. There was
increased 2-3 intermetatarsal space from Figure 4a. c) Her preoperative
pedobarographic study by F-scan revealed that most plantar force
concentrated under midmetatarsal heads (red) during walking instead of
the first ray (first metatarsal head and hallux) of normal feet. d) Her two-year
postoperative pedobarographic F-scan revealed reduced mid metatarsal
pressure bearing and increased first ray function.

&

Fig. 4

prevent MPV recurrence. Its surgical concept is based on
the understanding that MPV deformity is primarily a soft-
tissue issue of incompetent ligaments, not bone or joint
deformity.?>?* The displaced first metatarsal, phalanges,
sesamoids, and joints are mostly normal and innocent.
They can all be realigned without resorting to osteotomy
or restabilized without arthrodesis.?*?¢

This current study reconfirmed past studies that the
SP could effectively realign and restabilize the first meta-
tarsal (Table I) for MPV and HV correction (Figure 4)
(Supplementary Material: Case 1748).58-1° However, this
is the first study to report that the 1-2 intermetatarsal
bonding technique by the SP can result in a significant
increase in varus deviation of the second metatarsal
(Table 1I). This assessment was based on the SMAA
measuring method. It was chosen for this study because
after investigating five different measuring techniques,
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Aryan et al*” determined that “The MA angle measured
by Sgarlato’s technique demonstrated the highest inter-
and intra-observer reliability as well as reliably demon-
strating a significant positive correlation between HAV
and MA angles.” Although there was slightly reduced
SMAA after the sixth postoperative month, there was a
sustained increase (Figure 4b; Supplementary Material:
Case 1748). It may suggest that it is a one-time alignment
adjustment. Whether this realignment was a procedure-
related abnormal effect or a restoration to its pre-MPV
alignment requires future investigation. Similar study of
other intermetatarsal binding techniques may also help
provide more information.

MA is a common congenital foot deformity, and it
has been reported in 45% to 70% general populations,
depending on the angle measuring method.?® Also, about
30% of hallux valgus feet undergoing surgery have been
noted to have MA deformity.?2° In total, 72 feet (60%) of
our cohort had preoperative SMAA > 15 or the MA defor-
mity as defined by Aryan.” This prevalence increased to
90 feet (74%) at our final postoperative review. Farsetti'?
found that after following 45 congenital MA feet for an
average of 32.5 years, all had good foot function with or
without early conservative treatment.

The primary function of the foot is locomotion. The
first ray alone contributes more than 50% of forefoot’s
push-off power. The destabilized and displaced first
metatarsal, hallux, and sesamoids would impair the all-
important windlass mechanism and normal forefoot
function for walking. Pedobarographic examinations
have shown a consistent loss of first ray plantar power
and consequential lateral migration of walking force to
the lesser rays.?® This pathognomonic function deteri-
oration of the first ray has also been well supported by
mid metatarsals callus formation and metatarsalgia due
to abnormal overuse. Hence, the primary objective of all
bunion surgeries has always been restoring the normal
mechanical function of the first ray.*

Besides improved AOFAS scores, our study also
demonstrated that 108 (93%) out of 116 feet had
improved mechanical function of increased loading of
the first ray and decreased lateral loading by their pedo-
barographic studies (Figure 4c and d) (Supplemen-
tary Material: Case 1748). This mechanical evidence
was also substantiated by the subsidence of preop-
erative plantar calluses in 102 (98%) out of 104 feet.
Such consistent pedobarographic and plantar callus
improvement suggested satisfactory function resto-
ration. It can probably be only attributed to an overall
adequate anatomical realignment of affected bones
and joints, including the increased second metatarsal
varus alignment or despite it since the usual metatarsus
adductus deformity is not known to compromise the
function of the foot.® Nonetheless, our statistical anal-
ysis found no correlation between pre- or postoperative

SMAA and improved AOFAS score, IMA, or MPA. For the
first time to our knowledge, SMAA has been statistically
shown not to influence the outcome of hallux valgus
correction.

HV feet with metatarsus adductus have been deemed
more difficult to correct and having greater incidence
of recurrence.®? We ran a partial correlation analysis by
controlling the IMA and discovered a statistically signifi-
cant correlation between SMAA and MPA at all pre- and
postoperative examination timepoints. The correlation
was much stronger than otherwise without controlling
the IMA. This significant finding is for the first time to
our best knowledge being reported. It can probably
explain the past observation of greater residual MPA
than usual after satisfactory MPV correction of HV feet
with the metatarsus adductus deformity. Our data also
demonstrated that the AOFAS function score and MPA
improvements did not correlate with SMAA but IMA
improvement.

The second metatarsal fracture is a unique compli-
cation of all intermetatarsal binding techniques. Better
technical modifications than the concept of a stress-
dissipating steel plate are still required to help minimize
its occurrence. Theoretically, deviation of the second
metatarsal can also put stress on the 2-3 intermetatarsal
stability and result in their separation (Supplementary
Material: Case 1748) (Figure 4a and b). Future studies are
necessary to understand it better.

Medial capsulotomy of the metatarsocuneiform joint
(MCJ) had been considered to facilitate first metatarsal
realignment and to reduce cerclage suture stress on the
second metatarsal, but it was felt unnecessary since there
was little resistance felt in its realignment and often MPV
was over-corrected.® Neither were there postoperative
symptoms to suggest any undue tension on the MC].
We believe most of the suture tension arose directly from
ground-impact in walking.

This study’s weaknesses were mainly a document
review of a single surgeon’s work and possible bias.
However, they were well compensated by its complete
set of the relevant photo-, radio-, and pedobarographic
images for open viewing and review. The strength of
this study was its highly standardized data collecting
methods, and bone- and joint-preserving surgical tech-
nique for a consistent intra- and inter-case comparison.

This study reconfirmed that the SP is an effective
bone- and joint-preserving technique for hallux valgus
deformity correction and recurrence prevention. The SP,
assessed by the Sgarlato’s method, did increase varus
alignment of the second metatarsal but did not compro-
mise its satisfactory functional outcome. The SMAA did
not influence the improvement of several important
deformity parameters, except the MPA.
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Supplementary material

C

An image gallery displaying all available working
radiographs, photographic, and pedobarographic
images, and tables showing Sgarlato’s method for

measuring the metatarsus adductus angle, intermeta-
tarsal angle and metatarsophalangeal angle, and Amer-
ican Orthopaedic Foot & Ankle Society raw data.
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