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ABSTRACT

One of the main objectives of hallux valgus surgery is correction of the metatarsus primus varus defor-
mity by osteotomy, arthrodesis, or soft tissue correction. The syndesmosis procedure uses intermetatarsal
cerclage sutures to realign the first metatarsal and also induces a syndesmotic bonding between the first
and second metatarsals to prevent metatarsus primus varus deformity recurrence. The purpose of the
present study was to demonstrate radiologic evidence of the effectiveness of the syndesmosis concept
and to identify the incidence and nature of deformity recurrence. A total of 55 feet from 60 consecutive
procedures were followed regularly at 6 fixed points for 5 years. The radiologic inclusion criterion was
a first intermetatarsal angle >9° or metatarsophalangeal angle >20°. The initial postoperative radio-
graphs showed significant correction of the intermetatarsal angle from a preoperative average of 14.5°
to 4.3° (p <.0001). It had increased to 7.0° during the first 6 postoperative months but remained within
the normal upper limit of 9° and exhibited no further significant changes for the subsequent 4.5 years
(p=.0792). Hallux valgus deformity correction also correlated with metatarsus primus varus deformity
correction. Three (5%) second metatarsal stress fractures occurred, and all recovered uneventfully. In
conclusion, we have report the findings from a detailed medium long-term follow-up study showing, to
the best of our knowledge, for the first time that metatarsus primus varus and hallux valgus deformi-
ties can be effectively corrected and maintained using a specific surgical technique. Also included are 6
relevant radiographs and photographs of the included and excluded feet in the online Supplementary

Material for reference.
© 2017 by the American College of Foot and Ankle Surgeons. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

We were interested in determining whether the syndesmosis
concept can stabilize the first metatarsal after its realignment using
nonosteotomy intermetatarsal cerclage sutures to prevent metatar-
sus primus varus (MPV) and hallux valgus (HV) deformities from
recurring. We hypothesized that the postoperative primary soft con-
nective tissue ingrowth between the first and second metatarsals could
provide a lasting biologic stabilizing mechanism akin to the syndes-
mosis between the tibia and fibula. Our primary aim was to document
any loss of correction during a minimal 5-year period. Our second-
ary aim was to determine the timing and quantity of any correction
loss that might occur. We undertook a prospective cohort study to
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understand the nature of deformity recurrence after a soft tissue pro-
cedure that specifically incorporated a first metatarsal stabilizing
mechanism to prevent recurrence of an MPV deformity.

The HV deformity is a common foot condition. When conserva-
tive measures become unsatisfactory and symptoms persist, operative
management can be considered to correct the deformity and allevi-
ate the symptoms. More than 150 different surgical corrective
techniques have been reported, and many are currently in practice with
diverse preferences among surgeons (1,2). The lack of consensus has
been a concern for both surgeons and patients alike.

Although many pathologic factors have been deemed to precipi-
tate and accentuate the HV deformity, MPV has been regarded as the
principal underlying deformity (3-7) owing to their consistent and
close association. It has also become increasingly understood that both
metatarsophalangeal joint (MTP]) subluxation and sesamoid
malalignment in HV deformity are primarily caused by the MPV de-
formity (8). Hence, MPV correction and recurrence prevention have
become 2 of the main objectives of all HV surgeries (4,9-13). The
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Fig. 1. Schematic illustration of intermetatarsal cerclage sutures over distal one half
of metatarsals to realign the first metatarsal and reduce the intermetatarsal gap. (Figure
created by D.Y.W.)

osteotomy concept has been the most popular surgical approach to
MPV correction (1,2). Because MPV is the product of failed liga-
ments and a destabilized first metatarsal, its restabilization is just as
important as its realignment (14). Restoration of first metatarsal sta-
bility has been sufficiently discussed and understood; however, the
recurrence of the MPV deformity remains mostly unresolved (15,16).
Although arthrodesis of the metatarsocuneiform joint using the Lapidus
procedure has thus been recommended to help prevent recurrence
(9), recurrence can still develop (17). In addition to the osseous ap-
proach using osteotomies and arthrodesis, the soft tissue approach,
such as the McBride procedure and its modifications (18), has also been
described. Soft tissue approaches are less traumatic than osseous pro-
cedures but have also been deemed less effective (19,20).

The syndesmosis procedure is a soft tissue, nonosteotomy tech-
nique. It differs from most HV procedures by addressing both the
deformity correction and recurrence prevention issues specifically. It
uses an intermetatarsal cerclage suture technique (Fig. 1) to realign
the first metatarsal and also induce the formation of a syndesmosis-
like bonding between the first and second metatarsals (Fig. 2) to
restablize the first metatarsal and prevent MPV deformity recur-
rence. The syndesmosis procedure was originally called the osteodesis
of the first metatarsal when it was first reported in 1961 (21). Favor-
able results have since been documented (22-26); however, it is still
largely undiscovered and unrecognized by most surgeons (27). The
purpose of the present study was to confirm the effectiveness of
intermetatarsal cerclage sutures in the initial correction of MPV and
HV deformities and to conduct a medium long-term radiologic follow-
up study of the syndesmosis concept for first metatarsal restabilization

Fig. 2. Schematic illustration of the intended syndesmosis-like soft tissue bonding for-
mation by primary connective tissue in-growth in the first intermetatarsal space. (Figure
created by D.Y.W.)

and deformity recurrence prevention. The present study was also de-
signed to understand the nature of any deformity recurrence pattern
for future management using a regular and frequent follow-up
schedule.

Patients and Methods

From June to October 2009, 32 consecutive patients (60 feet) from the solo prac-
tice of an author (D.Y.W.) in Hong Kong underwent the syndesmosis procedure for HV
deformity correction without any deformity limitations or selection criteria, other than
the radiologic criterion of an intermetatarsal angle (IMA) >9° or a metatarsophalan-
geal angle (MPA) >20° and the clinical criterion of unsatisfactory conservative
management results. Patients were advised that the syndesmosis procedure was not
a mainstream surgical technique, and all provided specific acknowledgment and consent.
Of the 32 patients, 29 (90.6%), with a total of 55 procedures (26 [89.7%] bilateral and
3[10.3%] unilateral), completed the minimal 5-year prospective follow-up study. The
mean follow-up duration was 63.2 (range 60 to 83) months. The entire cohort was female,
and none had undergone any previous foot surgery or experienced severe trauma. The
mean age at surgery was 39 (range 14 to 63) years (Supplemental Table S1).

The primary aim of our investigation was to collect radiologic data to determine
the timing of deformity recurrence, if any occurred. The secondary aims were to analyze
the radiologic data to identify any risk factors and correlations for deformity recur-
rence and to document all surgical complications.

All patients underwent clinical and radiologic assessment by an author (D.Y.W.)
at their preoperative, and then 10-day, 3-month, 6-month, 1-year, 2-year, and 5-year
postoperative visits (Supplemental Fig. S1). All radiographic examinations were con-
ducted using an identical protocol. The patients were positioned, standing, on the same
foot markings on a pedal-specific computerized digital x-ray platform by 20/20 Imaging®
(Lake in the Hills, IL) by the same nurse-technician. The first MPA for quantifying HV
deformity and the first IMA for quantifying MPV deformity were calculated using Hardy’s
midaxial line technique (28) with the built-in software (Opal-RAD, Viztek, Konica Minolta,
Garner, NC). The American Orthopaedic Foot and Ankle Society ankle-hallux scale was
used for the overall clinical evaluation.
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Fig. 3. Intraoperative photograph showing fish-scaling of cortices and polydiaxanone
sutures deep in the wound after being passed through first metatarsal drill holes and
around second metatarsal before being tied to correct the metatarsus primus varus
deformity.

Three (9.4%) patients (5 feet; Supplemental Fig. S1; cases 1241, 1243, and 1247)
were excluded from the present study because they did not complete their 5-year follow-
up examination. Of these 3 patients, 1 (33.3%) had emigrated overseas, 1 (33.3%) had
health reasons, and 1 (33.3%) was unhappy with her early deformity recurrence (case
1243).

Assessors

An author (D.Y.W.) initiated and designed the study, examined all the patients at
all stages, collected all the clinical data for the study, and performed the surgery for
the entire cohort. An author (K.EL.) performed all the statistical analyses, and both con-
tributed to the outcome assessments and manuscript writing.

Statistical Analysis

The continuous variables are presented as the mean and range. The MPA and IMA
of the patients measured preoperatively and at each postoperative examination were
compared using repeated measures multivariate analysis of variance. Pairwise com-
parisons were performed between each of the postoperative measurements and the
preoperative measurement using the paired t tests. The 2-independent samples t test
was used in the comparisons between severity groups with Bonferroni correction for
multiple comparisons. Pearson correlations were calculated for the corrections in IMA
and MPA at each of the 6 examination points. A p value <.05 was considered statisti-
cally significant. The 95% confidence intervals (Cls) for proportions were computed using
the exact binomial method.

Operative Technique

An initial 1-in. incision was made along the distal dorsal medial border of the second
metatarsal (22-26). After blunt dissection, the interosseous muscle was retracted lat-
erally and partially resected if necessary to help expose the lateral soft tissue structures
for release of the lateral collateral and metatarsosesamoid ligaments. The adductor
hallucis tendon was not released, and the fibular sesamoid was not resected. The distal
one third of the first and second metatarsals was then exposed subperiosteally and rough-
ened in a fish-scale fashion with an osteotome. Three drill holes 2 mm in diameter were
made in the distal one half of first metatarsal shaft about 5 mm apart in the dorsoplantar
direction. Double-strand no. 1 polydioxanone dissolvable sutures (Ethicon, Johnson &
Johnson, Somerville, NJ) were then passed through the drill holes and around the second
metatarsal, binding the 2 together (Fig. 3). Four feet underwent additional soft tissue
release of the second MTPJ through the same dorsal incision to reduce its dorsal dis-
location (Supplemental Fig. S1; case 1225, right and left feet; case 1231, right foot; and
case 1237, right foot).

A medial horizontal elliptical incision was then made to remove redundant skin,
bursa, capsular tissues, and exostoses. The combined single ligament-tendon-
capsular layer was then approximated with interrupted 2-0 Vicryl sutures (Ethicon)
without plication.

Fig. 4. The custom-made removable total-contact postoperative protective cast-brace.

Postoperative Protocol

Full weightbearing was permitted as tolerated immediately after surgery in a custom-
made thermoplastic total-contact removable foot cast-brace (Fig. 4) for 3 months, and
crutches were optional. The patients were instructed on how to perform their own MTP]
passive range of motion exercises, in particular, dorsiflexion and active plantarflexion
strengthening exercises, from the first postoperative day for 6 weeks to regain and main-
tain MTPJ] movement and strength. No physiotherapy was prescribed. Working patients
were allowed to return to semisedentary duties 2 to 4 weeks after surgery. Patients
could resume unprotected walking in regular shoes after 3 months; however, unre-
stricted activities and shoes were only allowed at 6 months postoperatively.

Results

All studied patients had their complete series of 7 radiographs re-
viewed (Supplemental Fig. S1), except for 4 (13.8%) patients who had
missed 1 and 1 (3.4%) patient who had missed 3 interim examina-
tions (Fig. 5; Supplemental Fig. S1, case 1231).

Early Deformity Correction Assessment

Their preoperative and 10-day postoperative standing radiographs
taken using the same technique were compared. Their early MPV and
HV corrections were considered to result from the cerclage-suture tech-
nique of the syndesmosis procedure in realigning the first metatarsal
and hallux. The initial reductions (Table 1) were highly significant, with
the mean IMA changing from 14.5° to 4.3° (average correction 10.2°;
range 6.3° to 14.8°; 95% CI1 9.6° to 10.8°; Supplemental Table S2) and
the mean MPA changing from 32.0° to 15.2° (average correction 16.8°;
range 1.8° to 41.5°; 95% CI 14.5° to 19.1°; Supplemental Table S3).

Deformity Recurrence Assessment

The mean IMA and MPA had increased from 4.3° and 15.2° at 10 days
postoperatively to 7.0° and 18.2° at 6 months postoperatively, respec-
tively. However, both became very stable thereafter (Table 1). Repeated
measures analysis was performed of the measurements from the last 4
follow-up examinations only. The analysis revealed that the mean angles
at 6 months and 1, 2, and 5 years postoperatively were not signifi-
cantly different (p=.9397 and p =.0792 for MPA and IMA, respectively).
Each of the 6 postoperative follow-up measurements were lower than
the preoperative measurements, and the mean was significantly lower
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Table 1

Summary of intermetatarsal angle and metatarsophalangeal angle measurements at multiple follow-up points (N =55 feet in 29 females)

Angle Preoperative Postoperative Total Correction
Day 10 Month 3 Month 6 Year 1 Year 2 Year 5
IMA (°)
Mean 14.5 43 6.2 7.0 71 7.1 6.9 7.6
Range 9.4 to 22.7 14t08.2 3.0t0 10.8 4.6 t0 10.6 4.3t010.6 4.0t010.4 4.31t010.0 3.8t014.3
MPA (°)
Mean 32.0 15.2 15.5 18.2 18.2 179 18.4 13.6
Range 19.5t051.9 -21t0273 3.0t030.2 5.1 to 36.8 1.8t035.8 6.7 to 38.6 0.0 to 36.6 3.2t039.0

Abbreviations: IMA, intermetatarsal angle; MPA, metatarsophalangeal angle.

(p <.0001, paired t test; Table 2). The measurements had stabilized 6
months after the correction and remained stable for >4.5 years.

Correlations in Changes Between IMA and MPA

Change was defined as the difference between 2 consecutive mea-
surements. The immediate correction in the IMA was defined as the
IMA at postoperative day 10 minus the preoperative IMA. The correction
at 6 months was defined as the difference between month 6 and month
3, the previous measurement. The correlations of the changes in IMA
and MPA at the different examination points were calculated (Table 2).

The correlation analysis indicated that the changes in IMA and MPA
were highly correlated at the early phase after correction. Both the
IMA and MPA had decreased substantially in the first 10 days (-10.3°
and -16.8°; correlation 0.6585; p <.0001) but had increased slightly
at month 3 (1.88° and 0.01°; correlation 0.4249; p =.0023) and month
6 (0.95° and 2.9°; correlation 0.3684; p=.0108) , respectively. After
6 months, no significant correlations in the changes of the measure-
ments were detected.

Comparison of Results Between Preoperative Mild and Severe
Subgroups

MPV Deformity (IMA)

An arbitrary grouping of the preoperative mild (IMA <15°) and
severe (IMA >15°) MPV deformity was made for comparison (Table 3).
The IMA of the mild and severe subgroups was corrected to less than

Table 2

the normal IMA upper limit of 9° (6.6° and 7.4°, respectively). A total
correction of 10.4° could be achieved in the severe subgroup compared
with 6.2° for the mild subgroup (Supplemental Table S2a,b). The more
severe HV deformity (MPA 37.9°) expected of the severe IMA (MPV
deformity) subgroup could also be corrected similar to the correc-
tion in the mild subgroup (18.3° versus 18.5°, respectively; p =.9432;
Supplemental Table S2c,d).

HV Deformity (MPA)

The preoperative severe HV deformity subgroup (MPA >30°) had
a greater residual MPA of 20.5° compared with 16.1° in the preoper-
ative mild HV deformity (MPA <30) subgroup (p=.0101; Table 4;
Supplemental Table S3). This was the case, although the final IMA of
the former was satisfactorily maintained at 7.3°, well within the upper
normal limit of 9° and only slightly greater than the angle of the mild
subgroup (p =.0152; Supplemental Table S3).

Clinical Assessment

The American Orthopaedic Foot and Ankle Society ankle-hallux scale
score (Table 5; Supplemental Table S4) improved from a preopera-
tive average of 65.9 (range 39 to 85) points to 94.9 (range 83 to 100)
points at 5 years, with an average improvement of 29.0 (range 15 to
51, 95% CI 26.6 to 31.5) points (p <.0001). Of the 29 patients (55 feet)
(90%, 95% CI 74% to 97%), 26 (51 feet) were very satisfied (93%, 95%
CI 83%, 97%). Of the 55 feet, 47 had first MTPJ extension >60° (85%,
95% CI 74% to 92%; Fig. 5).

Correlation of changes between intermetatarsal angle and metatarsophalangeal angle at different postoperative stages (N =55 feet in 29 females)

Variable Day 10 Minus Preoperative Month 3 Minus Day 10 Month 6 Minus Month 3 Year 1 Minus Month 6 Year 2 Minus Year 1 Year 5 Minus Year 2
rValue 0.6585 0.4249 0.3684 -0.0307 -0.2680 0.1644

p Value <.0001 .0023 .0108 .8308 0717 2750

Table 3

Comparison of preoperative intermetatarsal angle severity subgroups and corresponding metatarsophalangeal angles (N =55 feet in 29 females)

Preoperative IMA Subgroup Feet Preoperative Postoperative Total Correction
Day 10 Month 6 Year 5
Severe (IMA >15°) 19(35)
IMA (°) 17.8 (15.4t0 22.7) 51(3.6t08.2) 7.6 (5.0t09.7) 74 (4.3t09.8) 104 (74 t0 14.3)
MPA (°) 37.9(29.8 to 51.9) 14.0 (-2.1 to 22.2) 18.4 (5.1 to 36.8) 18.3 (0.0 to 36.6) 19.6 (11.9 to 39.0)
Mild (IMA <15°) 36 (65)
IMA (°) 12.8 (9.4 to 15.0) 3.9(14t06.2) 6.7 (4.6 to 10.6) 6.6 (4.3 t0 10.0) 6.2(3.8t09.3)
MPA (°) 28.9(19.5t0 40.2) 15.8 (0.0 to 27.3) 18.1 (6.8 t0 26.5) 18.5 (6.7 t0 28.0) 104 (3.2t0 17.4)
p Value between groups
IMA <.0001 .0020 .0286 .0481 <.0001
MPA <.0001 2413 .8988 .9432 <.0001

Abbreviations: IMA, intermetatarsal angle; MPA, metatarsophalangeal angle.

Data presented as n (%) or mean (range).
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Table 4
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Comparison of preoperative metatarsophalangeal angle severity subgroups and corresponding intermetatarsal angle (N =55 feet in 29 females)

Preoperative MPA Subgroup Feet Preoperative Postoperative Total Correction
Day 10 Month 6 Year 5
Severe (MPA >30°) 29(53)
MPA (°) 37.5(30.9 to 51.9) 16.7 (8.8 t0 27.3) 20.3(5.1t036.8) 20.5 (0.0 to 36.6) 16.9 (6.6 to 39.0)
IMA (°) 15.8(11.1 to 22.7) 4.8(23t08.2) 74 (5.0t09.7) 7.3(4.3t09.8) 8.5(4.2t0 14.3)
Mild (MPA <30°) 26 (47)
MPA (°) 25.9(19.5 t0 29.9) 13.5(-2.1t0 21.5) 15.9(6.8 to 21.5) 16.1 (6.7 to 23.6) 9.9(3.2t016.2)
IMA (°) 13.1(9.4to0 16.9) 3.8(1.4t06.0) 6.6 (4.6 to 10.6) 6.4 (4.3 t0 10.0) 6.7 (3.8 t0 10.4)
p Value between groups
MPA <.0001 .0239 .0047 .0101 <.0001
IMA .0003 .0075 .0332 .0152 .0090

Abbreviations: IMA, intermetatarsal angle; MPA, metatarsophalangeal angle.
Data presented as n (%) or mean (range).

Complications

The complications evaluated included MPV recurrence, HV recur-
rence, MTP] subluxation, stress fracture, and others.

MPV recurrence developed in 6 feet (11%; Supplemental Fig. S1,
case 1228, left foot; case 1231, right foot; case 1234, both feet; case
1235, left foot). These 6 feet had a mild residual IMA ranging from >9°
to <10° (Table 6; Supplemental Table S5a,b). Their residual HV defor-
mity with a MPA of 22.5° was also greater than that of the rest of the
cohort at 17.9° (Supplemental Table S5c¢,d). The IMA and MPA of both
subgroups remained virtually unchanged after the first 6 postopera-
tive months.

HV recurrence developed in 19 feet (35%; Table 7), with a resid-
ual HV deformity of a MPA >20°. These patients experienced early
reversion of both their HV and MPV deformities during the first 6 post-
operative months that was greater than the rest of the cohort
(Supplemental Table S6). Neither subgroup experienced further de-
terioration of their MPA and IMA during the ensuing 4.5 years.

MPJ subluxation developed in 4 feet (7%; Supplemental Fig. S1, case
1223, left foot; case 1229, left foot; case 1236, right foot; case 1237,
right foot). The early postoperative medial subluxation of the MTPJ
was temporary, and all were resolved by taping and the slight IMA
increases during the first 3 postoperative months.

Two feet (4%; Supplemental Fig. S1, case 1219, left foot; case 1220,
left foot) had asymptomatic second metatarsal stress fracture that was
only detected radiologically at their 5-year examination with mild
valgus angular deformity. One foot (2%; Supplemental Fig. S1, case
1237) suffered stress fracture 2 months postoperatively and healed
uneventfully in a weight bearing forefoot slipper cast after 6 weeks.

No cases of infection, neuralgia, transfer metatarsalgia, hallux varus
deformity, or first metatarsal malformation occurred.

Discussion

HV deformity has several possible underlying causative factors such
as an increased distal metatarsal articular angle, HV interphalangeus,
and axial deformity of the first metatarsal (29,30). However, MPV de-
formity is still considered the most consistent factor, and its importance
is reflected by its mandatory correction in all surgical techniques

Table 5

and that it is one of the most recognized measurements for operative
success.

Soft tissue procedures using nonosteotomy and nonarthrodesis
methods have generally been regarded as less effective, especially for
moderate and severe deformity correction and recurrence preven-
tion. However, as a soft tissue technique, the syndesmosis procedure
has been shown to be effective in the past. Its capability and effec-
tiveness were also confirmed in the present study. Its initial dramatic
and overcorrection of the IMA to an average of 4.3° using the
intermetatarsal cerclage sutures alone confirmed the normal
metatarsocuneiform joint flexibility and unobstructed first metatar-
sal realignment even years after the onset of the HV deformity. This
free mobility was also clinically suggested by the lack of early and late
postoperative discomfort in the metatarsocuneiform joint and midfoot
region. We also believe that realignment of the first metatarsal in its
entirety has another advantage of improving the congruence of the
metatarsocuneiform joint (Fig. 5A,D), which might not be possible after
osteotomy techniques. Therefore, the previous concerns of poor MPV
correction without osteotomies might not be valid and should be
reexamined.

Although the present study has demonstrated with statistical sig-
nificance that the first metatarsal of the MPV deformity can be
realigned without osteotomy, our primary purpose was to docu-
ment the clinical history of deformity recurrence during a 5-year period
after the syndesmosis procedure. Stainsby (31) reported that meta-
tarsals were connected and stabilized to each other independently and
mainly through a distal tie-bar system. Stainsby (31) also reported that
failure of the tie-bar system from attenuation and elongation of the
medial metatarsosesamoid ligament at its medial end was the cause
of the destabilization and varus deviation of the first metatarsal (Fig. 6).
In addition, the destabilization and varus deviation did not result from
any failure of the deep intermetacarpal ligament (31). The medial col-
lateral ligament of the MTP] was also attenuated and gave way in the
HV deformity formation. Hence, HV and MPV deformities largely result
from displaced normal bones secondary to failure of their soft tissue
stabilizing structures. The present study conducted an unprecedent-
ed number of 6 regular radiographic follow-up examinations to
understand the clinical effectiveness of the syndesmosis concept in
MPV recurrence prevention. We have demonstrated that the primary

American Orthopaedic Foot and Ankle Society ankle-hallux metatarsophalangeal-interphalangeal scale scores (N =55 feet in 29 females)

Score Pain (40 Points) Function (45 Points) Alignment (15 Points) Total (100 Points)
Preoperative 23.5(10to 30) 35.8(29to42) 6.7 (0 to 15) 65.9 (39 to 85)
Final 37.1 (30 to 40) 44.7 (42 to 45) 12.8(8to 15) 94.6 (80 to 100)
Correction 13.6 (10 to 20) 8.9(3to16) 6.2(0to 15) 28.7(15to0 51)

Data presented as mean (range).
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Fig. 5. (A) Preoperative standing anteroposterior radiograph of a 68-year-old female’s feet showing severe metatarsus primus varus deformity of the right foot with overlapping
second clawed toe deformity and metatarsophalangeal joint dorsal subluxation. (B) Ten-day postoperative anteroposterior radiograph showing good realignment of the first meta-
tarsal, hallux, sesamoids, metatarsophalangeal and metatarsocuneiform joints, and the right second toe, including its metatarsophalangeal joint. (C) Six-month postoperative
standing anteroposterior radiograph showing slight reversion of hallux valgus and metatarsus primus varus deformities of both feet, especially intermetatarsal angle of right
foot, which is abnormal at 9.6°. (D) Five-year postoperative standing anteroposterior radiograph showing no remarkable alignment changes of the first metatarsal, hallux, sesa-
moids, or second toe after 4.5 years. (E) Five-year photograph showing good active dorsiflexion movement.

Table 6
Comparison of feet with final intermetatarsal angle >9° and <9° and corresponding metatarsophalangeal angles (N =55 feet in 29 females)
Final IMA Feet Preoperative Postoperative Total Correction
Day 10 Month 6 Year 5
>9° 6(11)
IMA (°) 17.5(14.1 to 22.7) 6.5(5.5t08.2) 9.5(8.5t010.6) 9.7(9.2t0 10.0) 7.8 (3.8t013.1)
MPA (°) 37.2(25.6 to 51.9) 15.8(10.4 to 21.0) 21.8 (15.3 to 34.4) 22.5(15.6 to 36.1) 14.8 (4.0 to 30.9)
<9° 49 (89)
IMA (°) 14.1(9.4t0 19.8) 4.0(14to0 6.8) 6.7 (4.6 t0 9.0) 6.5(4.3t08.5) 7.6 (3.9 to 14.3)
MPA (°) 31.4(19.5 to 51.5) 15.1 (-2.1 to 27.3) 17.8 (5.1 to 36.8) 17.9 (0.0 to 36.6) 13.4(3.2 to 39.0)
p Value between groups
IMA .0251 .0008 <.0001 <.0001 8784
MPA 2142 7095 2148 1840 7363

Abbreviations: IMA, intermetatarsal angle; MPA, metatarsophalangeal angle.

Data presented as n (%) or mean (range).
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Comparison of feet with final metatarsophalangeal angle >20° and <20° and corresponding intermetatarsal angles (N =55 feet in 29 females)

Final MPA Feet Preoperative Postoperative Total Correction
Day 10 Month 6 Year 5
>20° 19(35)
MPA (°) 36.6 (25.6 to 51.9) 17.9(10.0 to 27.3) 23.7(18.1 t0 36.8) 25.0(20.4 to 36.6) 11.6 (3.2 t0 18.9)
IMA (°) 14.6 (11.6t0 19.2) 4.6 (2.5to0 7.0) 7.9 (6.0 to 10.6) 7.8 (6.3 t010.0) 6.8 (3.8t011.0)
<20° 36 (65)
MPA (°) 29.6 (19.5 to 46.5) 13.8(-2.1t0 21.5) 15.5 (5.1 to 20.9) 14.9(.0t0 19.8) 14.6 (4.2 t0 39.0)
IMA (°) 14.4 (9.4 t0 22.7) 4.1(14t08.2) 6.6 (4.6 t0 9.6) 6.4 (4.3t09.6) 8.1(3.9to0 14.3)
p Value between groups
MPA .0011 .0047 <.0001 <.0001 .0802
IMA 7991 2550 .0007 .0002 .0831

Abbreviations: IMA, intermetatarsal angle; MPA, metatarsophalangeal angle.
Data presented as n (%) or mean (range).

formation of a syndesmosis-like biologic connective structure to prevent
MPV recurrence was accomplished by the sixth postoperative month.
No significant increases in the IMA or MPV could be identified radio-
logically from 6 months to 4.5 years postoperatively. To the best of
our knowledge, such radiologic evidence of a definitive time and
stopping point of any MPV deformity recurrence has not yet been docu-
mented or known for HV surgical techniques. Such long-term protection
could not have resulted from the intermetatarsal cerclage sutures,
because we used dissolvable polydioxanone sutures. Thus, the out-
comes resulted from a biologic binding mechanism like syndesmosis.

Attempts to restabilize the first metatarsal by repairing and re-
constructing the medial metatarsosesamoid and medial collateral
ligaments have not, in the past, been shown useful in the prevention
of MPV and HV deformity recurrence. The Lapidus procedure is the
only known surgical technique to specifically address the first meta-
tarsal instability and MPV recurrence issue. However, it is still unclear
how osteotomy procedures can restabilize the first metatarsal after
its realignment (32), and recurrence remains a well-known compli-
cation (5,6). The syndesmosis procedure bypasses the irreparably
damaged medial end of the tie-bar system to reconnect the first and
second metatarsals directly through an intermetatarsal bridge. Our data
have also demonstrated that even the syndesmosis bonding of the 19
feet with an MPA >20° was strong enough to resist the increased de-
forming force on the first metatarsal and maintain the IMA unchanged
(Table 7; Supplemental Table S6).

Bock et al (4) analyzed 3 postoperative points over 10 years, and
HV deformity recurrence with a MPA >20° could be detected <2.8 years
after a Scarf with or without Akin osteotomy in 30% of cases.
Pentikainen et al (33) performed 4 examinations over 8 years and found

HV recurrence with a MPA >20° in 58% after distal chevron osteotomy.
However, their recurrence pattern was not described (33). No MPV
recurrence was analyzed nor was the correlation with HV recur-
rence reported after either surgical technique. Our study of the
syndesmosis procedure revealed MPV recurrence with an IMA >9° in
11% of our 55 feet and HV recurrence with a MPA >20° in 35%. Most
of these recurrences developed during the first 3 postoperative months
and were partial. Compared with other long-term IMA follow-up
results, the syndesmosis procedure used in our study had the lowest
final IMA and greatest total correction (Table 8). The early recur-
rence within the first 3 postoperative months probably resulted from
excessive walking by the patient, which caused suture loosening.
However, no further correction loss occurred in these feet once their
syndesmosis had become established by the sixth postoperative month,
similar to the rest of the cohort (Table 6; Supplemental Table S5). It
seems that the risk factor for abnormal MPV deformity reversion
(IMA >9°) is a severe preoperative MPV deformity, because the abso-
lute correction of 7.8° for the severe group was similar to that of the
rest of cohort, although not sufficient to reduce it to within the normal
range. Their final MPA was, as expected, greater than that of the rest
of the cohort.

MPV has been strongly correlated with the development of HV de-
formity (40), and our study also demonstrated a significant correctional
correlation between MPV (IMA) and HV (MPA) deformities. However,
an unexpectedly high residual MPA in the present study was found
in view of the relatively excellent MPV correction compared with that
in other studies (Table 8). We believe it was largely related to our not
using the Akin osteotomy to correct any underlying HV interphalangeus
deformity and not using the distal metatarsal osteotomy to correct

Lateral metatarsosesamod

Ligament Contracture of

InDeep Intermetatarsal Ligaments x

Attenuated and elongated
Medial Metatarsosesamoid Ligament

Fig. 6. Schematic coronal cross-section view of distal metatarsals of a metatarsus primus varus (MPV) deformity showing first metatarsal medial displacement, increased first
intermetatarsal distance, and sesamoid lateral subluxation related to attenuation and elongation of the medial metatarsosesamoid ligament at the very medial end of the tie-bar

system. (Figure created by D.Y.W.)
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Table 8
Comparison of most recent and longest follow-up studies with radiologic evaluation

Investigator Surgical Procedure Feet (n) Duration (y) Preoperative (°) Postoperative (°) Total Correction (°)
IMA MPA IMA MPA IMA MPA
Present study Syndesmosis 55 Minimum 5 14.5 32.0 6.9 184 7.6 13.6
Schneider et al (34) Chevron 64 Minimum 5 13.2 26.1 9.4 13.9 3.8 12.2
Berg et al (35) Scarf 72 Minimum 6 15 32 9 18 6 14
Chow et al (36) Crescentic 32 Mean 8 16.1 34.2 9.7 17 6.4 17.2
Yucel et al (18) Modified McBride 36 Mean 6.6 10.1 32.7 9.5 20.6 0.6 12.1
Chong et al (37) Scarf 97 Minimum 5 13 31.5 7.4 13.2 5.6 183
Akman et al (38) Modified Simmonds 51 Mean 8 17.3 36.9 14.3 289 3 8
Dermon et al (39) Mitchell 204 Mean 13 15.2 33.8 8.2 16.1 7 17.7
Bock et al (4) Scarf 105 Mean 10.3 13.9 311 7 15 6.9 16.1

Abbreviations: IMA, intermetatarsal angle; MPA, metatarsophalangeal angle.

any increased distal metatarsal articular angle. However, the high rate
of functional satisfaction among the patients with a residual HV de-
formity might suggest a possible lack of understanding of the true
implications of these anatomic variances that might be still compat-
ible with normal hallux function. In addition, the residual HV deformity
could have been related to the surgeon not performing adductor
hallucis tendon release, fibular sesamoid excision, or first metatarsal
shortening in these patients. The greater residual HV deformity (MPA
>20°) subgroup seemed to be related more to their greater preoper-
ative HV deformity (MPA >30°) compared with their preoperative MPV
deformity (IMA), which was not different from that of the final MPA
<20° subgroup (Table 7; Supplemental Table S6). The preoperative and
postoperative greater HV deformity (MPA) of some feet compared with
others with a similar MPV deformity (IMA) could have resulted from
the shorter and contracted lateral head of the flexor hallucis brevis
tendon (Supplemental Fig. S1, case 1230). Despite their residual HV
deformities, most of these patients were very satisfied with their pain-
less and strong foot function in walking. We attribute their functional
improvement to the truly reduced intermetatarsal gap (Fig. 5A,D) and
forefoot widths, nondistortional first metatarsal realignment tech-
nique, and improved plantar pressure redistribution in walking,
evidenced by the consistently reduced metatarsal calluses (24)
(Supplemental Fig. S1). Because of the unexpectedly high finding of
residual HV, we have started performing partial release of the adduc-
tor hallucis tendon in feet with a preoperative HV deformity with an
MPA >30°. However, management of possible lateral flexor hallucis
brevis tendon contracture has not yet been determined. No patients
with residual HV deformity wanted to undergo the Akin osteotomy
for cosmetic improvement.

We strongly believe that it was the intended intermetatarsal con-
nective soft tissue bonding that was the mechanism responsible for
the first metatarsal stabilization after the syndesmosis procedure. It
has also been suggested that “first interspace adhesion” is contribu-
tory to the maintenance of “the corrected first metatarsal alignment”
after osteotomy procedures (41). If the latter is true, the syndesmo-
sis concept for first metatarsal stabilization would be further validated.

We also believe that the postoperative stress fracture complica-
tion of the second metatarsal could have been precipitated by cerclage
suture compression-erosion injury to its cortex. Consequently, a
minimetal plate on the lateral surface of the second metatarsal has
been introduced to protect it from the cerclage sutures. Future studies
will determine whether these procedural modifications provide any
beneficial effects.

The present study had some limitations. Strong clinical and radio-
logic evidence of the syndesmosis effect was presented. However, to
truly understand its biologic and mechanical nature will require future
related studies. The present study comprised patients from a prac-
tice that applied the syndesmosis procedure exclusively for HV

deformity correction. Our results could have been biased by our ex-
perience, which might not be readily reproduced by others without
sufficient practice. We also realize that surgeons assessing their pa-
tients’ radiographic outcomes imparts some degree of bias; however,
our use of the AOFAS score, the subjective component of which has
been shown to produce valid information pertaining to foot-related
quality of life (42), importantly substantiates the 5-year durability
of the improvement achieved with the syndesmosis procedure. To
diminish single surgeon reporting bias, the complete radiographic
database for the present study has been provided online as
Supplemental Fig. S1 for reference and verification. One excluded
patient (1 foot; Supplemental Fig. S1, case 1243) was unhappy with
the recurrence of her deformity and refused to return for her final
fifth year examination. Her inclusion would have reduced some of
the exclusion bias in our findings (Supplemental Table S8).

In conclusion, the present study has provided evidence that the
syndesmosis-like soft tissue bonding between the first and second
metatarsals can stabilize the first metatarsal and prevent MPV defor-
mity recurrence for 5 years. The syndesmosis procedure produced
satisfactory results and can be considered an effective and safe alter-
native to the current osteotomy and arthrodesis procedures for HV
deformity correction.
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