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A B S T R A C T

Classic treatment algorithms limit the use of distal chevron osteotomy (DCO) to cases with an intermetatarsal
angle (IMA) <14°. As the IMA increases, it is accepted that the contact between the metatarsal head and shaft will
be insufficient. We have investigated the reliability of IMA to predict contact area percentage after DCO. Preopera-
tive radiographs of patients with hallux valgus were subdivided as mild, moderate, and severe using traditional
algorithms. After excluding the mild cases, we randomly selected 100 patients (50 moderate and 50 severe) and
calculated the estimated bony contact (EBC) with our method and investigated the percentage of patients who
could have >50% contact area if we perform a DCO. Thirty of 50 (60%) and 17 of 50 (34%) patients had >50% EBC in
moderate and severe groups, respectively. We performed DCO for 24 patients (14 moderate and 10 severe cases).
The 100-point American Orthopaedic Foot and Ankle Society (AOFAS) hallux-metatarso-phalangeal-interphalan-
geal scale was used to assess the clinical outcome. For the moderate group, we calculated mean IMA 16° (standard
deviation [SD] § 1.4°) and mean EBC 66.9% (SD § 10.8%). For the severe group, we calculated mean IMA 20.9°
(SD§ 0.7°) and mean EBC 63.1% (SD§ 10.4%). Paired t tests showed significant improvement comparing preopera-
tive and postoperative AOFAS scores, IMA, hallux valgus angle, and sesamoid position for all operated patients
(p < .001). We did not see any recurrence of hallux valgus or hallux varus and had only 1 minor complication that
we managed conservatively. IMA may not always be a reliable parameter to predict the stability of DCO. Because
the stability depends on the contact surfaces of osteotomy fragments, metatarsal head diameter and remaining
bone contact should be the primary concerns. Two patients with the same IMA can have a different contact surface
varying on a broad spectrum.

© 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.
Level of Clinical Evidence: 4

Keywords:
bone contact
chevron osteotomy
hallux valgus
intermetatarsal angle
stability
epartment of Orthopaedics and
tanbul, Turkey 34664.
).

College of Foot and Ankle Surgeons. All rights reserved.
Hallux valgus causes a painful bony prominence for patient, which
makes shoe fit difficult. It is composed of 2 primary angular pathologies:
(1) medial deviation of the first metatarsal bone, and (2) lateral devia-
tion of the great toe. Hallux valgus deformities have been traditionally
quantitated by measuring hallux valgus angle (HVA) and intermetatar-
sal angle (IMA). Widely accepted treatment algorithms have been based
on these angular measurements (1,2).

According to these algorithms, the most popular technique, namely,
distal chevron osteotomy (DCO), is suitable only for the cases with an
IMA <14°, and proximal, complex osteotomies, which are prone to com-
plications, are recommended with a higher IMA. Because of its technical
simplicity and stability allowing early ambulation and rapid healing,
there have been some attempts to extend the indications of DCO.
Despite the promising results, the limits of a DCO to correct this com-
mon deformity are still not clear (3−5).

Although a tendency exists to widen the indications of distal
metatarsal osteotomies, classic treatment algorithms based on angu-
lar measurements limit the use of distal metatarsal osteotomies to
cases with an IMA <14°, assuming only 4 to 6 mm of displacement,
which is equivalent to 4° to 6° of correction, is possible at this level
(6−8). As the IMA increases, it is accepted that the contact between
the metatarsal head and shaft will be insufficient and complications
will occur. In geometric terms, the improvement obtained in the dis-
tal angulation between the first and the second metatarsals will cor-
respond to the magnitude of the lateral shift. It is stated that a 1°
improvement in angulation will take place with a 1-mm shift of the
metatarsal. Although this dictum implies that a deformity >14° can-
not reestablish the alignment, such limitation is not supported in
clinical practice and does not consider the variance of the width of
the metatarsal head (9).

In this study, we investigated patients on whom we planned to
operate for hallux valgus. We used a new measurement technique
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Fig. 1. Anteroposterior radiograph: Metatarsal head diameter at its widest portion (A),
the lateral cortex of the metatarsal head at this level (x) and where lateral cortex needed
to be to bring the metatarsal head over the sesamoids to obtain an anatomic correction
(y), and amount of expected displacement (B). C refers to the line drawn through the soft
tissue shadow on the medial side of the hindfoot to determine if a medial bony promi-
nence will remain after the lateral displacement in the forefoot.
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independent from IMA, which we developed to predict the amount of
minimum lateral shifting distance and the contact percentage after
shifting the metatarsal head. Greater contact surface provides stability
on osteotomy lines. The purpose of this study is to investigate the reli-
ability of IMA to predict the contact surface after metatarsal osteotomy.

Patients and Methods

Between January 2014 and January 2018, patients with symptomatic hallux valgus
were randomly selected and followed up in this study. We used preoperative standing
radiographs of patients for whom we advised surgical correction. According to standard
practice, we subdivided patients as mild, moderate, and severe hallux valgus using angu-
lar radiologic measurement of IMA. We excluded the patients with mild hallux valgus
(IMA <14°) as described by Robinson and Limbers (1). Table 1 shows the standard criteria
for classification.

After excluding the mild cases, we randomly selected radiographs of patients from
moderate and severe groups and formed 2 groups equal in number: 50 patients (14 [28%]
male, 36 [72%] female) in the moderate group and 50 patients (12 [24%] male, 38 [76%]
female) in the severe group. Then we calculated the estimated bony contact (EBC) with
our method and investigated the percentage of patients who could have >50% contact
area and, therefore, a stable osteotomy if we performed a DCO. Thirty of 50 (60%) and
17 of 50 (34%) patients had >50% EBC in moderate and severe groups, respectively.

We excluded patients with congenital deformities of the foot; hallux rigidus (meta-
tarsophalangeal joint dorsoflexion ≤55°); tarsometatarsal joint instability and or hyper-
mobility; previous first ray trauma or foot and ankle surgery; or diagnosis of rheumatic,
dysmetabolic, neurologic, infective, or psychiatric pathologies for operation. In rare cases
with metatarsus adductus, IMA is not reliable, so we excluded patients with metatarsus
adductus. Then we performed DCO on patients who accepted surgery. We operated on 24
patients whose preoperative EBC was >50%: 14 [58.3%] moderate (4 [28.5%] male, 10
[71.5%] female) and 10 [41.7%] severe (4 [40%] male, 6 [60%] female) cases. Patients in the
study have a minimum of 2 years of follow-up records after surgery.

Ages of patients ranged from 26 to 72 years. The 100-point American Orthopaedic
Foot and Ankle Society (AOFAS) hallux-metatarso-phalangeal-interphalangeal scale was
used to assess clinical outcomes, and preoperative and postoperative AOFAS scores were
recorded for further statistical evaluation (10,11). We also recorded preoperative and
postoperative complications such as infection, hallux varus, recurrence, etc.

We allowed the patients to walk after the first day with an offloading shoe. After 3
weeks, we allowed them to bear weight partially, and after 6 weeks full weightbearing
was allowed. Radiographic evaluation was performed preoperatively, 1 week and 3
months postoperatively, and at the time of the last follow-up visit. All radiographs were
taken in a weightbearing position. Measurements were performed on the preoperative
and last follow-up radiographs.

Surgical Technique

A Y-shaped incision was made on the first metatarsophalangeal joint, and a lateral
soft-tissue release was undertaken through the same incision. The medial eminence
remained intact, and the osteotomy was fashioned with a saw. The apex of the osteotomy
was centered 3 to 5 mm superior to the geometric center of the metatarsal head. The
plantar cut was made more horizontal than a classic DCO, resulting in an extended plan-
tar limb. The plantar cut was also directed slightly plantar in the medial to lateral direc-
tion. The dorsal cut was made more vertical and directed perpendicular to the second
metatarsal in the axial plane. After displacement of the distal fragment, the osteotomy
was fixed with one or two 2.7-mm headless cannulated compression screws. Prominent
bone ridges were excised, and a medial capsulorrhaphy was performed.

A New Preoperative Surgical Measurement
Preoperatively, we measured the metatarsal head diameter at its widest portion (A)

and marked the lateral cortex at this level (x) and marked where we wanted to see the
lateral cortex of the metatarsal head after the operation (y) on standing anteroposterior
radiograph (Fig. 1). Then we measured the distance between x and y to determine the
amount of displacement required (B) to correct the deformity. We drew another line
through the soft tissue shadow of the hindfoot anteriorly (C) to determine if this amount
of displacement would still leave a bony prominence at the forefoot on the medial side,
which is the primary concern of the patients with this disorder. This is especially impor-
tant for the cases with metatarsus adductus, where a small space exists between the first
Table 1
Classification of hallux valgus according to angular measurements

Coughlin et al (2), 2007 Robinson and Limbers (1), 2005

Mild HVA <30; IMA <13 IMA <14
Moderate HVA <40; IMA >13 14 < IMA < 20
Severe HVA >40; IMA >20 IMA >20

Abbreviation: HVA, hallux valgus angle; IMA, intermetatarsal angle.
and second metatarsals and makes it difficult to achieve an adequate correction. If both
seemed satisfactory, we inspected the EBC after the displacement, namely A−B and its
percentage to the head diameter (A−B)/A.

Radiographic Measurements

All radiographs were made at our facility and according to the same radiographic pro-
tocol. Weightbearing dorsoplantar radiographs of patients were used. The IMA was
defined as the angle between the longitudinal axis of the first and that of the second
metatarsal. The longitudinal axis of the proximal phalanx and that of the second metatar-
sal was defined as the line connecting the centers of the proximal and distal ends of the
diaphysis (12).

Results

For the moderate group, 30 of 50 (60%) patients had >50% EBC. We
operated on 10 of these patients and before operations calculated the
mean IMA 16° (standard deviation [SD] § 1.4°) and the mean EBC 55.58%
(SD § 17.08%). For the severe group, 17 of 50 (34%) patients had >50%
EBC. We operated on 10 of these patients and before operations calculated
the mean IMA 20.9° (SD§ 0.7°) and the mean EBC 66.9% (SD§ 10.8%).

Table 2 shows the pre- and postoperative results of the groups. All
statistical analysis was conducted using SPSS software version 21.0
(Statistical Package for Social Sciences, IBM Corp., Armonk, NY). The
paired t test was applied to analyze the differences. A p value (probabil-
ity of the null hypothesis) ≤.05 was considered statistically significant.

Paired t tests showed statistically significant improvement compar-
ing preoperative and postoperative AOFAS scores, IMA, HVA, and sesa-
moid position of moderate, severe, and all patient subgroups (p < .001).
Unpaired t tests showed that the difference is not statistically significant
between moderate and severe subgroups when we compare postopera-
tive AOFAS scores, IMA, HVA, and sesamoid position (p < .05). Also, the



Table 2
Radiographic results and american orthopaedic foot and ankle society scores

Moderate (14 Patients) Severe (10 Patients) All Patients (24 Patients)

HVA (°)
Preoperative 34.5 § 2.98 (32.77, 36.22) 42.9 § 2.2 (41.3, 44.49) 38 § 4.9 (35.89, 40.1)
Postoperative 6.2 § 2.08 (5.01, 7.41) 6.9 § 2.1 (5.37, 8.42) 6.5 § 2.08 (7.61, 7.38)
IMA (°)
Preoperative 16 § 1.4 (15.15, 16.84) 20.9 § 0.7 (20.37, 21.42) 18 § 2.7 (16.88, 19.2)
Postoperative 5.1 § 1.5 (4.27, 6.01) 6.3 § 1.3 (5.34, 7.25) 5.62 § 1.5 (4.98, 6.27)
Sesamoid position (grade)
Preoperative 4.9 § 0.8 (4.45, 5.4) 6.1 § 0.7 (5.57, 6.62) 5.4 § 0.9 (5.0, 5.82)
Postoperative 2.5 § 0.6 (2.12, 2.87) 3.1 § 1 (2.46, 3.93) 2.8 § 0.9 (2.42, 3.16)
Mean AOFAS score
Preoperative 43.85 § 16.06 (34.58, 53.13) 37 § 12.08 (28.35, 45.64) 41 § 14.6 (34.8, 47.19)
Postoperative (48 months) 82.5 § 10.7 (76.37, 88.77 77.9 § 6.2 (73.4, 82.39) 80.6 § 9.2 (76.7, 84.54)
EBC before operation (%) 66.9 § 10.8 (61.82, 72.3) 63.1 § 10.4 (56.29, 70.15) 65.3 § 10.6 (61.51, 69.36)

Abbreviation: AOFAS, American Orthopaedic Foot and Ankle Society; EBC, estimated bony contact; HVA, hallux valgus angle; IMA, intermetatarsal angle.
Data are mean § standard deviation (95% confidence interval).
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bone contact percentage after lateral translation showed the difference
is not statistically significant between moderate and severe subgroups
(p < .05).

There was 1 minor wound complication. We did not see any recur-
rence of hallux valgus (HVA >15°) or hallux varus. One patient had
delayed union, which we managed conservatively. One patient had
asymptomatic focal avascular necrosis on radiographs.

Discussion

Operations to correct hallux valgus deformity primarily aim to bring
the first metatarsal head laterally back to its normal position over the
sesamoids. This correction requires a metatarsal osteotomy, which can
be done at different levels. Metatarsal osteotomies, although numerous,
can be classified into 2 major groups: angulation and displacement. Of
these, displacement osteotomies are usually done distally through the
metaphysis, and the angulation osteotomies proximally and even
including arthrodesis at the first tarsometatarsal joint (13,14). The Aus-
tin, or so-called chevron osteotomy (and its modifications), is a typical
example of distal osteotomies that is widely accepted as the first choice
in the treatment of hallux valgus because of its simplicity, initial stabil-
ity, and postoperative comfort for the patient (15). Additionally, distal
osteotomies have the ability to correct the distal metaphyseal articular
angle (DMAA), whereas angulation osteotomies have an adverse effect
on the DMAA, which may require an additional distal osteotomy to
eliminate this problem. Displacement osteotomies produce a decrease
in bony contact between the osteotomy fragments depending on the
amount of correction. This displacement may present a risk for primary
stability at the osteotomy site and union of the fragments.

Angulation osteotomies are done proximally and have the advan-
tage of a robust correction without loss of bony contact between the
fragments. However, proximal osteotomies are technically more
demanding and prone to complications with some discomfort for the
patients postoperatively, such non-weightbearing or casting owing to
instability (16). Therefore, it would seem logical to choose a distal dis-
placement osteotomy as a first choice in appropriate cases and defer a
proximal osteotomy for more severe deformities. To make an appropri-
ate preoperative decision, the question at this point should be, which
cases are ideal for a displacement osteotomy? Classic knowledge
addresses this issue with the intermetatarsal and HVAs and indicates a
need for a more proximal osteotomy for more severe angular deformi-
ties. Following this concept of angular severity, Coughlin et al (2) and
Robinson and Limbers (1) developed treatment algorithms, and 14° of
IMA was accepted as the upper limit for displacement osteotomies.
Instead of angular criteria, the estimated amount of bony contact
between the fragments, after sliding the distal fragment laterally, would
seem to be a more logical and straightforward approach to us to deter-
mine the appropriate operation. We developed a new technique to
address this issue and found it reliable and simple for decision making
in the correction of hallux valgus.

Today, we are all aware of the importance of decreasing the IMA to
obtain a satisfactory long-term result in this condition (17). Related to
this knowledge, the most common component of hallux valgus surgery
is a metatarsal osteotomy to bring the metatarsal head laterally to
where it is supposed to be. Lateral shifting of the metatarsal head not
only corrects the main pathology responsible for the deformity but also
eliminates the patient’s primary concern, the bump on the medial side
of the great toe without a need to remove it. This can be done proxi-
mally by angulating the distal fragment, or distally by shifting it. Litera-
ture indicates that distal shifting has significant advantages over
proximal tilting (18). Distal procedures are technically simple and more
forgiving for the surgeon and have the benefit of correcting the DMMA.
Fixation and union are better in this region, allowing the patient early
ambulation. Therefore, distal displacement osteotomies seem to be the
procedure of choice in hallux valgus surgery whenever indicated (19).
All other extensive operations should be reserved for more severe cases
in which a distal displacement osteotomy is thought to be inadequate
for correction, with 1 exception, which is first ray instability. A foot sur-
geon, therefore, must be aware of the potential for correction of a distal
shifting in hallux valgus. A foot surgeon must be aware of the potential
power of a distal shifting osteotomy and its limitations to correct bun-
ion deformities. We believe, as the cases presented here demonstrate,
the power of distal osteotomies is underestimated.

Although the deformity is angular, shifting a bone fragment on
another one is not a matter of angles and should not be measured by
angular criteria but by the distances that limit it. We think the most
important 2 factors limiting the amount of displacement are the width
of the bone to be displaced, which is the diameter of the metatarsal
head, and the distance to where it can be shifted maximally, which is
the distance between the first and second metatarsal bones. Whether
done proximally or distally, a metatarsal head can be displaced only as
much as the distance between the first 2 metatarsals, and there is no
need to perform this by a proximal osteotomy if this can be done dis-
tally unless a safe amount of contact between the fragments is going to
be lost. As stated before, these parameters are not subject to the angles
but directly to the metatarsal head diameter and the required amount
of lateral displacement to make a proper decision. Two hallux valgus
cases with the same amount of angular deformity may require different
operations due to a difference in their metatarsal head diameters
(Fig. 2). A safe amount of lateral displacement is beyond the scope of
this article but needs to be investigated biomechanically. However, we
felt secure to displace along plantar arm DCO or L type distal metatarsal



Fig. 2. Two cases with the same amount (intermetatarsal angle 21°) of angular deformity
with differentmetatarsal head diameters. Expected bony contacts after correction were cal-
culated as 33% and 71% for the left and right radiographs, respectively, indicating that angu-
lar measurement alone is not a reliable indicator for choosing the appropriate operation.

Table 3
Surgical options advised according to angular classification

Coughlin et al (2), 2007 Robinson and Limbers (1), 2005

Mild Chevron, Mitchell,
or proximal osteotomy*

Chevron osteotomy*

Moderate Mitchell or proximal osteotomy* Scarf osteotomy*
Severe Proximal osteotomy, MTP fusion* Scarf, proximal osteotomy,

Lapidus procedure*
TMT instability Lapidus procedure* Lapidus procedure*
Congruent Biplane chevron osteotomy Scarf osteotomy

Abbreviation: MTP, metatarsophalangeal; TMT, tarsometatarsal.
* Incongruent hallux valgus combined with a distal soft-tissue procedure.
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osteotomy up to 50% of the head diameter in our clinical practice. We
have patients in whom we performed lateral displacement at >50%.
However, avascular necrosis and lateral tilting of the distal fragment
that leads increased DMAA are potential complications. Until further
investigation, we are not able to recommend safe displacement beyond
50%. In recent years, we prefer to use a long plantar arm DCO, which
provides more surface area and stability, and all patients in this study
were operated using a long plantar arm osteotomy.

Classic knowledge indicates that the upper limit of distal osteoto-
mies is 14°. If the normal IMA is <9°, maximum 4° to 6° of correction
has been thought to be possible with this procedure. However, classic
algorithms are based on the abovementioned angles and do not take
the width of the bone into account. In our opinion, bone contact after a
distal shifting osteotomy is the most crucial determinant of decision
making for this type of surgery. Angle measurements are indirect,
whereas absolute distances are direct determinants of this kind of pro-
cedure.

There are also some researchers supporting this view who found
equal correction by DCO and Scarf osteotomies (3). A tendency toward
massive corrections by distal displacement osteotomies exist in hallux
valgus surgery (4,5); however, the indications are not clear.

We believe another reason that has limited the indication of distal
metatarsal osteotomies to 14° of IMA has been the removal of the bony
prominence. Some techniques have been defined in the literature to
remove the excess bone as the first step of hallux valgus correction.
However, Thordarson and Krewer (18) found that “hypertrophy of the
medial eminence is not a component of the pathology.” They found that
the thickness of the medial eminence is 4.1 and 4.3 mm in the control
and hallux valgus groups, respectively, and the difference was not
statistically significant (18). Removal of any bone, even if it exists, in
this region as the first step will eventually decrease the amount of lat-
eral shifting by leaving less contact between the fragments. Therefore,
if a need exists, it should be assessed at the end and should be done as
the last step in the surgical treatment of hallux valgus in our opinion.

We preferred the lateral cortex of the fibular sesamoid as the refer-
ence to determine the minimum preoperative amount of lateral shifting
distance that will allow us to achieve an acceptable sesamoid reduction.
Previous studies showed that any change in the position of the sesa-
moid apparatus is a direct result of a change in position of the first
metatarsal, which occurs as a result of the surgical procedure or proce-
dures performed. The sesamoid apparatus itself does not move (20).
This means that the lateral cortex of the fibular sesamoid is a reliable
and stable anatomic landmark for preoperative planning the minimum
amount of lateral shifting to reduce sesamoids. Our clinical experience
is also consistent with this (Figs. 3 and 4). Also, hallux valgus may be
accompanied by sesamoid subluxation and first metatarsal head prona-
tion. We excluded patients with evident tarsometatarsal joint instabil-
ity and or hypermobility. In these cases, a Lapidus procedure is
preferable (21,22).

Early studies stated that lateral translation of the capital fragment
should not exceed 30% of the metatarsal width because of the increase
of avascular necrosis, delayed union, malunion, and dislocation of the
capital fragment (7,23). These early studies did not use any fixation on
osteotomy site; they only relied on the inherent stability of the osteot-
omy for maintenance of the correction that was obtained intraopera-
tively. Using fixation with K wire or as today with modern mini-
compression screws, large displacements can be obtained without an
increase in the rate of avascular necrosis (3−5).

Mavcic (24) created a geometric preoperative planning model based
on subcapital metatarsal width, medial bunion eminence, and metatar-
sal length for minimally invasive distal metatarsal osteotomy. He con-
cluded that minimally invasive distal metatarsal osteotomy cannot
sufficiently correct all deformations within the boundaries of IMA angle
<20° and HVA <40°. In patients with large eminences and narrowmeta-
tarsals, complications related to insufficient postoperative fragment
contact can be expected, whereas sufficient hallux valgus correction in
patients with small eminences and long metatarsals is questionable
(24). When a surgeon prefers a non-chevron type transverse or oblique
distal osteotomy, the metatarsal head tends to have an additional dorsal
or plantar displacement. The surface of distal metatarsal fragments has
a circular shape, and this dorsal or plantar displacement greatly reduces
the contact surface and limits the use of distal transverse or oblique
osteotomies. A chevron type osteotomy has a clear advantage of
remaining contact surface after lateral shifting, thus is a suitable choice
for large displacements in our opinion.

Sarrafian (6) created a method to predict the degree of functional
correction with a distal lateral displacement osteotomy based on the
metatarsal width and IMA measurements. This method uses multiple
angular measurements and complicated calculations, making the meas-
urements controversial by means of interobserver reliability. Also, this



Fig. 3. A case with intermetatarsal angle 21° and hallux valgus angle 47°. Two years of postoperative radiograph shows adequate correction by a distal chevron osteotomy. Note the wide
metatarsal head was allowing 71% bony contact after the displacement to correct the deformity and reduce sesamoids.

Fig. 4. (A1−A2) Another case with intermetatarsal angle 21° and hallux valgus angle 16°. Metatarsal head diameter is adequate and expected bony contact between the fragments is 83%
and 85%, thus allowing a distal metatarsal displacement osteotomy. (B1−B2) Late postoperative radiograph (1 year) shows proper correction, sesamoid reduction, and healing.
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method needs strict radiologic standards to make precise calculations
(6). With our method, we use proportions of distances. The unit of dis-
tances (inch, cm, mm, etc.) is not important. Easy calculation of distan-
ces with clear anatomic landmarks nearby (lateral sesamoid and
metatarsal head) could enhance the interobserver reliability.

Current treatment algorithms popularized by Robinson and Limbers
(1) and Coughlin et al (2) are based on angular measurements. Also, first
metatarsocuneiform joint hypermobility (tarsometatarsal) and congru-
ency measured by the DMAA are other contributing factors affecting
the choice of surgical procedure according to these algorithms. Tables 1
and 3 show these widely accepted treatment algorithms based on angu-
lar measurements of HVA and IMA.

Studies by Deenik et al (25) reported that the preoperative HVA was
the main radiologic predictor for correction of hallux valgus, and IMA
and DMAA did have a minor role in patients with preoperative HVA
<37 degrees. Also, they concluded that the presently used treatment
algorithms for hallux valgus surgery are primarily based on expert opin-
ion and are not supported by level 1 and 2 studies. The possible advan-
tage of specific surgical procedures should be based on controlled
clinical studies (26).

Our results showed mean contact percentage decrease as IMA
increased. This result is consistent with traditional knowledge. How-
ever, we also observed that 2 patients with the same IMA can have a dif-
ferent contact surface varying on a broad spectrum (Fig. 2). This proves
that IMA can be inconsistent to determine the stability of DCO. We cal-
culated that a significant number of patients with larger distal metatar-
sal width have enough contact area to perform a DCO. Also, we
presented a new alternative method to select suitable patients for DCO
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based on the width of the metatarsal head, lateral shifting distance, and
contact percentage after osteotomy.

We defined strict exclusion criteria to minimize the variables that can
affect the surgical outcomes, such as congenital deformities of the foot;
hallux rigidus; metatarsus adductus; tarsometatarsal joint instability and
or hypermobility; previous first ray trauma or foot and ankle surgery; or
diagnosis of rheumatic, dysmetabolic, neurologic, infective, or psychiatric
pathologies. This limited the number of patients in our study to 24. A
future study with a larger sample size would be statistically more valu-
able. Also, the reliability of the new measurement EBC needs to be inves-
tigated by means of interobserver and intraobserver reliability.

In conclusion, the IMA may not always be a reliable parameter to
predict the stability of DCO. Because the primary aim of a distal meta-
physeal osteotomy is shifting and the stability depends on the contact
surfaces of osteotomy fragments, metatarsal head diameter and
remaining bone contact after lateral shifting should be the primary con-
cerns for the surgeons. Two patients with the same IMA can have a dif-
ferent contact surface varying on a broad spectrum.
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