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Radiographic analysis of the effects of first metatarsal
rotation in hallux valgus surgery
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Abstract

Objective: To evaluate whether the initial degree of metatarsal rotation interferes with the surgical correction of severe hallux valgus.

Methods: A retrospective study was performed using weight-bearing AP radiographs to measure first metatarsal rotation based on
the shape of the lateral edge of the metatarsal head and the hallux valgus (HVA) and intermetatarsal (IMA) angles. Participants were
then classified into two groups. Those with less rotational deformity were placed in the negative pronation group, while those with
greater rotational deformity were placed in the positive pronation group. Mean HVA and IMA correction were calculated and compared
between groups. Participants underwent the modified Lapidus procedure with correction of pronation.

Results: Data were collected for 26 feet with hallux valgus. The negative and positive pronation groups contained 14 and 12 feet, res-
pectively. Successful surgical correction of pronation was observed in 11 of the 12 feet, which were ultimately classified in the negative
pronation group based on postoperative radiographs. The negative pronation group showed a mean difference of 15.05° in the HVA
and 4.20° in the IMA. The positive pronation group showed a mean difference of 14.22° in the HVA and 3.2° in the IMA. These values did
not significantly differ between groups.

Conclusion: The initial degree of pronation does not affect the degree of angular correction as long as metatarsal rotation is also ad-
dressed.

Level of Evidence IV; Diagnostic Studies; Case Series.

Keywords: Hallux valgus/diagnostic imaging; Hallux valgus/surgery; Metatarsal bones/diagnostic imaging; Rotation; Pronation; Range
of motion, articular.

Introduction The shape of the lateral cortical surface of the metatarsal
head has been identified as an important factor to be conside-
Hallux valgus is a common condition of the foot consisting red in pre- and postoperative anteroposterior (AP) radiogra-
of a multiplanar deformity that occurs most frequently in  phs of the foot in orthostasis since a rounded metatarsal head
women starting in the fourth decade of life. Up to 90% of s associated with higher rates of hallux valgus recurrence, as
patients with hallux valgus show deformities in the coronal identified by Okuda et al.®®. The author also noted that altera-
plane, with metatarsal rotation and, consequently, prona- tionsinthe lateral cortical surface of the metatarsal head could
be related to the degree of metatarsal pronation, with rounder
surfaces indicating a higher degree of pronation®. The me-
thod described by Okuda et al.” to classify the shape of the la-
teral cortical surface was adopted in subsequent studies, such
as that of Yamaguchi et al.®, who found this variable to be
tarsal rotation can increase the likelihood of recurrence after associated with metatarsal rotation, confirming the correlation
surgery, as demonstrated by studies of hallux pronation and  between these factors using digitally reconstructed radiographs
its impact on disease recurrence after surgical treatment®©->, from axial computed tomography (CT) scans.

tion of the hallux®. This deformity plays an important role
in disease progression, as it is frequently accompanied by
sesamoid subluxation and an imbalance in muscle forces in
the first phalangeal-metatarsal joint®. If uncorrected, meta-
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The surgical correction of these rotational deformities has
been described in previous studies®™. Dayton et al. descri-
bed improvement in the angular measurements of hallux
valgus with the modified Lapidus procedure® where the ori-
ginal technique was altered to focus specifically on the cor-
rection of metatarsal rotation™,

The aim of this study was to evaluate whether the degree
of pronation observed in preoperative radiographs of severe
hallux valgus interferes with the corrective effects of the mo-
dified Lapidus procedure on the hallux valgus (HVA) and in-
termetatarsal (IMA) angles®.

Methods
Patients

A study was conducted based on the weight-bearing AP ra-
diographs of the foot of patients submitted to surgical treat-
ment of hallux valgus using the Lapidus technique. The study
was approved by a research ethics committee. All patients
had severe hallux valgus with HVA >40° or IMA >16°. Pre- and
postoperative images, obtained two months to one year after
surgery, were evaluated. Surgeries were performed by the
same foot and ankle surgery team, including two senior foot
and ankle surgeons, between 2012 and 2019. After reviewing
medical records, the research team identified 26 feet treated
using the modified Lapidus technique. The feet belonged to
23 patients, 22 female and 1 male, with a mean age of 60.18
years (SD, + 15.58).

The technique involves a dorsal approach to the tarsome-
tatarsal joint, with careful dissection to preserve vasculariza-
tion. An osteotomy was performed at the base of the first
metatarsal with the resection of all cartilage to allow for the
correction of deformities in the sagittal and transverse pla-
nes. Rotational deformities can be corrected by inserting a
2.0mm Kirschner wire perpendicular to the first metatarsal to
be used as a joystick to control supination of the first meta-
tarsal while correcting the transverse plane. The wire is then
positioned and fixed to the lateral surface of the second me-
tatarsal. This metatarsal de-rotation technique was first used
by the surgical team in 2016. Prior to this point, the primary
goal of the perpendicular placement of the Kirschner wire
was not to achieve de-rotation but to increase stability and
allow for early ambulation. The radiographic analysis of cases
of severe hallux valgus that received surgical treatment befo-
re 2016 did consider the possibility of inadvertent de-rotation
of metatarsal pronation. Four of the feet included in this stu-
dy had undergone surgery prior to 2016.

Radiographic analysis

The radiographic assessment of first metatarsal rotation,
which corresponds to the degree of hallux pronation, was
performed as described by Okuda et al.””” with modifications
by Yamaguchi et al.®. Printed radiographic images and a go-
niometer were used to measure the distance from the center
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to the lateral edge of the metatarsal head. The goniometer
was placed over the center of the metatarsal head, with the
concentric circles outlining the metatarsophalangeal joint.
The maximum distance of the circle to the lateral edge of the
metatarsal head was measured. Cases in which this distance
was greater than 2mm were classified as group A, or angular.
When this distance was between 1 and 2mm, the case was
classified as intermediate, or group B. If the circle perfectly
outlined the metatarsal head or the distance was smaller than
1 mm, the case was classified as group C, or round.

Patients were divided into groups A, B, and C based on the
shape of the metatarsal head in preoperative weight-bearing
AP radiographs. Group C patients had a rounded metatarsal
head, corresponding to the greatest degree of rotation of the
first metatarsal. These individuals were classified in a positive
pronation group, while patients in groups A and B were com-
bined into a negative pronation category due to their smaller
degree of hallux pronation (Figure 1). The two groups were
subsequently compared using statistical methods.

Participants were classified into positive and negative pro-
nation groups based on the degree of pronation observed in
preoperative and postoperative images. The degree of sur-
gical correction was calculated based on the HVA and IMA
values determined using preoperative and postoperative
weight-bearing AP radiographs. The mean values of preo-
perative and postoperative measurements were then calcu-
lated for each group. The correlation between the degree of
correction and the degree of metatarsal rotation was also
examined.

Figure 1. On the left, the lateral edge has an angular shape, in-

dicating less pronation (negative pronation). On the right, the
lateral edge is rounded, indicating greater pronation (positive
pronation).
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Statistical analysis

Preoperative and postoperative HVA and IMA values were
calculated for all patients. The difference between pre- and
postoperative values was then determined, and mean values
were compared between the negative (A+B) and positive (C)
pronation groups using statistical methods.

Data were analyzed using the Statistical Package for the So-
cial Sciences (SPSS, IBM, version 24.0) and GraphPad Instat
3.10 (2009).

Categorical variables were summarized as frequencies and
percentages. Quantitative variables were analyzed using
measures of central tendency and dispersion. Normality was
tested using the Kolmogorov-Smirnov test. Inferential analy-
sis was conducted using Student’s T-tests and Chi-square
tests. Associations between quantitative variables were exa-
mined using Pearson correlation coefficients. The coefficients
(r) were classified as described by Dancey and Reidy (2005),
in the following categories:

r=0.10 to 0.30 (weak)
r=0.40 to 0.60 (moderate)
r=0.70 to 1 (strong)
In all analyses, results were considered significant at p<0.05.

Results

Measurements of metatarsal rotation revealed that 12 feet
with hallux valgus had a high degree of pronation. These
were placed in the positive pronation group (group C), while
the remaining 14 feet were placed in the negative pronation
group (groups A+B). Eleven of the 12 feet originally classified
as group C were reclassified as group B after the analysis of
postoperative radiographs, which demonstrated a less roun-
ded metatarsal head (Figure 2). One foot in group C did not

Figure 2. Rotational correction, as shown in pre- and postopera-

tive radiographs, demonstrated by the less rounded appearance
of the metatarsal head.

show radiographic improvement of the metatarsal head shape
after surgery and retained its classification. One patient in
group B was reclassified to group A. All patients in group A
maintained their classification. The analysis of postoperative
radiographs of the 4 feet treated prior to 2016 resulted in 3
feet being classified into the negative pronation group and 1
in the positive pronation group. After surgery, however, the
latter was reclassified into the negative pronation group.

Preoperative measurements for the sample as a whole re-
vealed a mean HVA of 36.58° (SD, £ 9.22°) and a mean IMA
of 14.98° (SD, + 3.40°). On postoperative measurements, the
mean HVA was 21.91° (SD, * 10.20°) and the mean IMA was
1° (SD, = 3.25°). Preoperative measurements were then cal-
culated for each group of participants. Those in the prona-
tion-positive group had a mean HVA of 39.99° (SD, + 8.93°)
and an IMA of 15.62° (SD, *+ 3.43°) while those in the prona-
tion-negative group had a mean HVA of 34.28° (SD, *+ 8.48°)
and an IMA of 14.42° (SD, + 3.40°). Preoperative HVA and IMA
values did not significantly differ between groups (p=0.058
and p=0.1915, respectively).

In the pronation-negative group (A+B), the mean difference
between pre- and postoperative HVA was 15.05° while that
of IMA was 4.20°. The pronation-positive group (C) showed
a mean difference of 14.22° in the HVA and 3.2° in the IMA.
A Student’s T-test of the differences in pre- and postope-
rative HVA between pronation negative (A+B) and positive
(C) groups yielded p=0.7343, indicating that these values
did not significantly differ from one another. The results of
between-group comparisons of changes in IMA values was
similarly nonsignificant, with p=0.8419. The results of the sta-
tistical analysis are shown in table 1.

Table 1. Statistical analysis of the results obtained from the cal-
culation of angle improvement in patients with less pronation

(negative pronation) and greater pronation (positive pronation)

Negative Negative Positive Positive

Col. title pronation pronation pronation pronation
group (IMA)  group (HVA)  group (IMA)  group (HVA)

Mean -4.207142857  15.05 -3.716666667  14.225
Standard 2.542 8.271 4.596 12.461
deviation
(Sb)
Std. error of 0.6794 2.21 1.327 3.597
mean (SEM)
95%Cl lower -5.675 10.275 -6.637 6.308
limit
95%Cl upper -2.74 19.825 -0.7965 22142
limit
Minimum -8.5 1.2 -11.4 01
Median (50t -3.65 14.8 -2.8 1.75
percentile)
Maximum -0.5 27.8 3.4 40.5
Normality 0135 0.1235 01696 0.1654
test KS
Normality >0.10 >0.10 >0.10 >0.10
test p value
Passed Yes Yes Yes Yes
normality
test?
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Pearson correlations were used to evaluate the association
between pronation-positive and pronation-negative groups,
and the difference in pre- and postoperative IMA and VHA
values. The pronation-negative group was assigned a value
of 1 while the pronation-positive group was given a value of 2.
The correlation between IMA values and the degree of prona-
tion was approximated by an ascending line (Figure 3). The
correlation between pronation and HVA values, on the other
hand, yielded a descending line (Figure 4). The r values for
these correlations were 0.06992 (p=0.7343) for the IMA and
0.04111 (p=0.84190) for the HVA values.
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Figure 3. Upward-sloping line demonstrating differences in the
IMA. The A+B group corresponds to the negative pronation group.
Group C had greater pronation.
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Figure 4. Downward-sloping line demonstrating differences in
the HVA. The A+B group corresponds to the negative pronation
group. Group C had greater pronation.
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Discussion

Hallux valgus is an illness with a multifactorial pathogene-
sis, and the degree of rotation of the first metatarsal has be-
come an increasingly important issue in the surgical treat-
ment of this condition“”®, We agree with other authors
that the careful evaluation and surgical treatment planning
of hallux valgus must consider its three-dimensional nature®®.
The presence of a rounded metatarsal head in preopera-
tive radiographs can indicate that a significant degree of
pronation is present and must be corrected during surgery.
Residual pronation is a risk factor for hallux valgus recurrence,
and the presence of a rounded metatarsal head on posto-
perative radiographs can indicate that the pronation defor-
mity was not corrected®®®, Incomplete sesamoid reduction
with lateral subluxation of the sesamoid complex is also asso-
ciated with higher rates of recurrence and may be directly
linked to the incomplete correction of metatarsal rotation, as
shown in previous studies'®. The surgical technique used in
this study aimed to reduce the sesamoid complex under the
metatarsal head simultaneously with metatarsal derotation.
Sesamoid reduction was not evaluated in this study, as our
focus was on the association between metatarsal derotation
and angle correction. Nevertheless, in future studies, we plan
on evaluating the correlation between incomplete sesamoid
reduction and uncorrected rotation.

In the present investigation, we evaluated the results of 8 years
of use of the modified Lapidus technique in the treatment of
hallux valgusY. Starting in 2016, the correction of metatarsal
rotation garnered special attention as a means of improving
angle correction rates. Dayton et al.™» demonstrated the po-
tential of first metatarsal rotation as a standalone treatment
for hallux valgus, and our findings support this hypothesis, as
both groups achieved similar correction rates regardless of
preoperative differences, especially in HVA values.

The rotation of the first metatarsus was evaluated based on
pre- and postoperative weight-bearing AP radiographs of the
foot, a method that is simple and inexpensive, and involves
the analysis of the shape of the lateral edge of the first meta-
tarsal head, as described in previous studies, such as those of
Okuda et al. and Yamaguchi et al.”® The degree of rotation
of the first metatarsal can be evaluated using computed to-
mography® or axial radiographs of the first metatarsal®™™® as
described in the literature.

In this study, the results obtained in the two pronation groups
did not significantly differ from one another. In the intraopera-
tive period, one of our main concerns is the correction of the
rotational deformity of the metatarsal bone. This was achieved
in 11 of the 12 cases of hallux valgus with significant prona-
tion (pronation-positive group) in the present study. Since this
approach has only been used since 2016, it can be assumed
that any rotational correction observed in cases treated before
this date was unintentional. In recent years, special attention
has also been paid to sesamoid reduction. While this was not
evaluated in the present study, as the analysis focused on rota-
tional correction, the authors intend to evaluate this variable in
future studies. According to a study by Lee et al./®, incomplete
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sesamoid reduction is associated with worse radiographic
outcomes and increased recurrence. Zitouna et al.%® conclu-
ded that incomplete sesamoid reduction does not necessarily
predict poor clinical outcome.

We believe that the length of follow-up in the present study
may have been too short to assess recurrence rates in pa-
tients submitted to surgical treatment, and suggest that fu-
ture studies evaluate these rates in longer follow-up periods.
Our main goal in this study was to observe whether the initial
degree of metatarsal rotation had a negative impact on the
outcome of the modified Lapidus technique. In a review on
metatarsal pronation, Wagner and Wagner®® found that the
recurrence rate of hallux valgus ranged from 2 to 50%, des-
cribing this as a multifactorial complication citing incomplete
sesamoid reduction as a main contributing factor. The study
in question also found that in 86% of cases, tibial sesamoid
position depended on the degree of metatarsal rotation,
further emphasizing the importance of rotational correction
in the prevention of recurrence.

The negative trend between the degree of metatarsal rota-
tion and the correction of the HVA in the present study (Figure 2)
may indicate an association between the correction of the HVA
and metatarsal de-rotation, since the presence of significant

pronation may increase the difficulty of surgical correction of
the valgus angle. This must be verified in larger samples, since
the degree of correction did not differ between groups in the
present study, despite the trend toward lower correction rates
in patients with greater pronation. Mortier et al.?” have also
demonstrated a possible correlation between pronation and
lower correction rates in hallux valgus. We believe that the si-
milarity in IMA and HVA correction between the two groups in
the present study is attributable to the correction of pronation
in most patients in the positive pronation group.

The upward line corresponding to the association between
pronation and IMA correction (Figure 3) suggests that greater
pronation is associated with a larger increase in IMA, and con-
sequently, greater potential for correction of this deformity@-2®,

The short follow-up period and small number of cases are
possible limitations of this study, as is the potential bias of
unintentional correction in cases treated prior to 2016.

Conclusion

Patients with severe hallux valgus with different degrees of
pronation displayed similar degrees of IMA and HVA correction
after modified Lapidus surgery.
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