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Which parameters predict correction of the intermetatarsal angle after first
metatarsophalangeal fusion?
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Fusion of the first metatarsophalangeal joint (MTPJ) is a commonly performed surgical procedure. Although the effect
of first MTPJ fusion on reduction of Intermetatarsal angle (IMA) is well described, contributing factors remain unclear.
The aim of this study was to identity predictive parameters for IMA reduction. Fifty-one patients (68 feet) who underwent
a first MTPJ fusion and had an IMA greater than fourteen degrees were assessed retrospectively. The average age was
68 (31.4-79.3) years. Sixteen demographic and radiographic variables were evaluated using a multivariate regression
analysis for association with change in IMA after surgery. The mean preoperative IMA was 16.11 (range, 14.0-22.5)
degrees with a mean reduction of 4.95 (range, 0-17) degrees after surgery. Multivariate regression analysis revealed three
significant independent predictors of the change in IMA. Increased preoperative IMA (f =.663, CI = .419, .908, P <.001),
increased preoperative translation at base of MT1 ( =.490, CI =0.005, .974, P=0.039), and less postoperative translation
in the fusion (f=-0.693, CI=-1.054, -.331, P= 0.002) significantly increased the amount of IMA reduction. Pre-operative
IMA and translation at the base of the first metatarsal were positive predictors for correction of IMA after first MTPJ
fusion. Translation at the level of the MTP I fusion was a negative predictor for the amount of IMA correction. Based on
these findings, we recommend minimizing the lateral translation of the proximal phalanx relative to the metatarsal head
to optimize IMA correction after MTPJ fusion.

Key words: mtp i arthrodesis, radiographic analysis, forefoot alignment, intermetatarsal angle, weightbearing radiographs,
and hallux valgus.

INTRODUCTION

First metatarsophalangeal joint (MTPJ) fusion is a
commonly performed technique for a variety of first
ray deformities. In cases with severe hallux valgus
deformity, correction of the intermetatarsal angle (IMA)
and reduction of the width of the foot is expected after
surgery>'®!®, Failure to reduce the IMA, might reduce
patient reported outcomes by causing pain over the
medial prominence®. Therefore, some authors advocate
the use of an additional basal osteotomy, to help correct
the IMA in those cases with a larger preoperative
IMAY. Others have claimed that this extra osteotomy
is unnecessary, because even in cases with IMA greater
than 15 degrees, a desirable correction has been shown
after first MTPJ fusion alone'*. However, the reduction
of IMA is not as well understood and it remains unclear
which factors influence the amount of IMA reduction.

The aim of this study was to explore whether different
factors could be identified, that are predictive for the
amount of IMA correction after first MTPJ fusion.
Our hypothesis was that IMA correction observed
postoperatively could be predicted by different clinical
or radiological variables.

METHODS

This retrospective cohort study reviewed all patients in
the foot and ankle registry of the XXX hospitals, who
underwent first MTPJ fusion between January 2008 and
November 2015 by two experienced orthopedic foot
and ankle surgeons. The study protocol was reviewed
and approved by the investigator’s institutional review
board and informed consent was waived (IRB number:
S61496). The inclusion criteria for this study were all
patients with a first MTPJ fusion and a pre-operative
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IMA of 14 degrees or more. Presence of a preoperative
as well as postoperative, weightbearing AP radiographs
of the foot at a minimum of 48 weeks after surgery.
This minimum time was chosen to allow patients
to comfortably walk and we could take upright,
full weightbearing x-rays®’. The exclusion criteria
consisted of patients with a non-union and those
with neuromuscular imbalance, e.g., cerebral palsy.
Patients who underwent concomitant procedures on
the metatarsals, midfoot, or hindfoot during the same
anesthesia were also excluded.

The initial review of the registry data identified a
total of 61 patients (79 feet) who had undergone a first
MTPJ fusion on at least one foot with an IMA angle
greater than 14 degrees. Four patients who did not have
follow-up radiographs, three patients with cerebral
palsy and three patients whose arthrodesis did not fuse
were excluded.

A total of 51 patients (68 feet) were included for
final analysis. In the final cohort, the mean age was
63.4 (range, 24 to 80) years at the time of surgery. Final
radiographs were obtained at a mean of 1 year (range,
48 to 65 weeks). Three patients had radiographs less
than 1 year after surgery.

The cohort consisted of eight men and 43 women.
Thirty-six fusions were performed on the right and 32
were performed on the left side. Thirty-six fusions were
performed using IOFIX (an Intra-Osseous FIXation
device, Extremity medical, New Jersey, USA), 25
fusions were performed using cross screws and in the
other seven cases plate/lag screws were used. Most
fusions (44/68, 64.7%) were performed for moderate
to severe hallux valgus (with a hallux valgus angle
[HVA] > 30 degrees), whereas the remaining fusions
were performed for hallux rigidus (14/68, 20.6%),
previous failed hallux valgus correction (6/68, 8.8%),
and degenerative hallux valgus deformity (4/68, 5.9%).
Eleven feet (16%) had had a prior procedure on the
first MTP joint, including cheilectomy (5), chevron
osteotomy (4) and scarf osteotomy (2).

Radiographic analysis was performed using the
digital picture archiving and communication system
(PACS) (Agfa-Gevaert, BE). All radiographs con-
tained autocalibration in order to maintain the same
measurement distance when enlarging the images.
Radiographic analysis was performed based on
weightbearing images obtained during our standard
radiographic routine, which included an anteroposterior
(AP) and lateral image of the foot. Measurements were
performed on preoperative weightbearing radiographs
and postoperative weightbearing radiographs at the last
follow-up visit at least 48 weeks after surgery.
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Figure 1 — Anteroposterior radiograph of the foot depicting in
detail the base of the first metatarsal. The translation at the base of
MT1 was determined by the distance between the most lateral edge
of the MT1 and the most lateral edge of the medial cuneiform.

On preoperative and postoperative standing
radiographs, the following measurements were
performed: hallux valgus angle (HVA), intermetatarsal
angle (IMA), length of first ray relative to the second
metatarsal (MT2), first metatarsocuneiform angle
(MCA) and first metatarsocuneiform slope angle
(MCSA), sesamoids position and length of the first
metatarsal relative to the second metatarsal. The HVA
was measured between the line drawn down the first
metatarsal and a second line down the center of the
proximal phalanx shaft. The IMA was obtained by the
angle between the mid-axis lines of the first and second
metatarsal. The length of first ray was determined
by the sum of the length of the mid-axis lines for
the proximal phalanx and the first metatarsal’ The
first metatarsocuneiform angle is the measured angle
between the longitudinal axis of the first metatarsal and
the longitudinal axis of the medial cuneiform?®. The first
metatarsocuneiform slope angle is the measured angle
between a line drawn at the base of the first metatarsal
and a line perpendicular to the longitudinal axis of
the medial cuneiform®. Position of the sesamoids was
determined using Hardy and Clapham’s tibial sesamoid
seven position system in an anteroposterior view''. We
also measured the dorsiflexion angle of the first MTPJ
on postoperative radiographs®. We evaluated whether
there was osteoarthritis of the first cuneo-metatarsal
joint using a previous described method, using a
radiographic atlas, were scoring of the osteophytes and
joint space narrowing was performed. Radiographic
osteoarthritis was considered to be present if a score
of 2 or more is documented for either osteophytes or
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Figure 2 — Anteroposterior radiograph of the first ray,
demonstrating the measurement of the translation in the fusion by
the average of two measurements: one between the longitudinal
axis of the first metatarsal and the proximal phalanx and one on the
lateral side between the cortex of the first metatarsal and that of the
proximal phalanx.

joint space narrowing from either the AP or lateral
view!*, IMA correction was determined by subtraction
of postoperative IMA from preoperative IMA.

Furthermore, we performed two new measurements,
the translation at the base of the first metatarsal (MT1)
and the translation in the fusion. The translation at the
base of MT1 was determined by the distance between
the most lateral edge of the MT1 and the most lateral
edge of the medial cuneiform at the level of the first
tarsometatarsal joint (Figure 1). The translation in
the fusion was determined by the average of two
measurements: one between the longitudinal axis of the
first metatarsal and the proximal phalanx and one on
the lateral side between the cortex of the first metatarsal
and that of the proximal phalanx (Figure 2). Those two
measurements were performed perpendicular to the
axis of the second row.

After removal of all identifying information from
each radiograph, each subfolder was randomly
assigned a unique identifying code so that the pre- and

postoperative radiographs of the same patient could
not be identified by the reviewers. All radiographs
were analyzed by two independent reviewers at
different levels of training (Author 1 and Author 3). At
the completion of the review process, the identifying
code was broken, and all recorded measurements were
transferred to a master spreadsheet.

Sixteen variables were included in our analysis
to determine predictors of correction in IMA angle
after surgery. Numerical variables included age,
preoperative HVA, postoperative HVA, the difference
between preoperative and postoperative HVA (HVA
correction), preoperative IMA, first MCA, first MCSA,
translation in the fusion, translation at the base of MT1,
the shortening of the first ray relative to the second
metatarsal and the dorsiflexion angle. Categorical
variables included gender, fixation type, preoperative
indication for surgery, position of the sesamoids and
osteoarthritis of the first cuneo-metatarsal joint.

Pearson correlation coefficient was used to investi-
gate associations between each of the numerical
variables and the change in IMA angle. For the
categorical variables with two groups a Wilcoxon
rank-sum test and for categorical variables with
three or more groups a Kruskal-Wallis test was used
to compare change in IMA between patients in each
group. With those three tests, P values less than or
equal to .05 were considered statistically significant.
To account for possible interactions among predictor
variables, however, all variables that were found to
have P values less than .10 in univariate analysis were
subsequently included in our initial multivariate linear
regression model®>. In order to identify independent
predictors associated with IMA reduction, a backward
selection procedure was applied retaining variables
with P values less than or equal to .05, using a linear
regression model with IMA reduction as continuous
outcome variable. For evaluation of the interrater
reliability of the measurement of the translation in the
fusion and translation at the base of MT1, intraclass
correlation coefficients (ICCs) were calculated for both
measurements. All statistical analyses were performed
using SPSS software (version 21; SPSS; Chicago, IL).

A statistical power analysis using G*Power (Version
3.1.9.2, Dusseldorf University, Dusseldorf, Germany)
was performed for sample size estimation, based
on previously reported data regarding the primary
outcome: intermetatarsal angle (IMA) [4].

A minimal sample size of 18 patients needed to be
enrolled with a calculated effect size (f=1.71), a power
level of 0.8 and level of significance set at 0.05.
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RESULTS

Patient cohort characteristics are shown in Table I.
The average reduction in IMA angle from preoperative
to postoperative values was 4.95 degrees (range, 0 to
17). In 7/68 cases (10.2%) the postoperative IMA was
greater than 14 degrees. Among the numerical variables
analyzed in the univariate analysis, preoperative HVA
(P = .013), HVA correction (P = .03), preoperative
IMA (P = .001), first MCSA (P = .07), translation in
fusion (P = .003) and translation at base MT1 (P =
.036) were significantly correlated with IMA reduction.
Age, postoperative HVA, first MCA, change in length
of the first ray and postoperative DFA did not show a
significant association with IMA reduction (Table II).
For the categorical variables, the fixation type was
significantly correlated with IMA reduction (P = .005).
Gender, osteoarthritis of first CM joint, position of
sesamoids and preoperative indication did not show a
significant association with IMA correction. (Table III).

Seven variables were found to have P values less
than .10 on univariate analysis and were included in the
initial multivariate linear regression model. Stepwise
regression using a backward selection procedure

Table I. — Patient cohort characteristics

was performed retaining only variables with P < .05:
preoperative HVA, first MCSA, fixation method and
HVA correction were sequentially removed from the
model. The final linear regression model demonstrated
three independent predictors for IMA reduction:
Increased preoperative IMA (B = .663, CI = 419,
908, P <.001), increased pre-operative translation at
base of MT1 (B = .490, CI = 0.005, .974, P = .039),
and less translation at the fusion site (= -0.693, CI=
-1.054, -.331 ,P=.002) significantly increased the IMA
reduction (Table IV).

Interrater reliability was excellent for the translation
at the base of MT1 and translation at the level of the
MTP I fusion site in this study. The ICC value was
0.95 (95% confidence interval [CI], 0.93 to 0.97) for
translation at the base of MT1 and 0.92 (95% ClI, 0.88
to 0.96) for translation at the fusion site.

DISCUSSION

Previous studies focused on the effectiveness of first
MTPIJ fusion inreducing the IMA angle, both in feet with
a moderate!®'® and high preoperative IMA!. However,
it remains unclear whether there are predictive factors

Patients (feet) Mean + SD Range

Demographics

Age (y) (68) 63.4+10.9 31.41t079.3

Male/ female 8/43

Left/ right 32/36
Preoperative radiographs

HVA (degrees) (68) 43.6+11.5 18.4to0 71.4

IMA (degrees) (68) 16.11+2.4 14.0 to 22.5

Length of MT1 vs MT2 (%) (68) 124.0+9.0 87.8 to 147.5

First MCA (degrees) (68) 284+7.1 14 to 54

First MCSA (degrees) (68) 62.7+8.7 32.8t079.7

Translation at base MT1 (mm) (68) 1.0+£1.4 0to4.5
Postoperative radiographs

HVA (degrees) (68) 16.8+7.7 1to 31

IMA (degrees) (68) 11.3+2.7 6to 19

Length of MT1 vs MT2 (%) (68) 116.1 £6.1 101.5 to 134.0

Translation in the fusion (mm) (68) 0.8+1.6 0to 6.5

Dorsiflexion angle (degrees) (68) 27.6 £6.7 11.2t0 52.4
Abbreviations: HVA, hallux valgus angle; IMA, intermetatarsal angle; MT1, first metatarsal; MT2, second metatarsal;
N/A, non-applicable; SD, standard deviation; MCA, metatarsocuneiform angle; MCSA, metatarsocuneiform slope angle
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Table II. — Numerical variables on univariate analysis

Table I'V. — Categorical variables on multivariate analysis

Table III. — Categorical variables on univariate analysis

Mean Reduction of IMA + SD
Feet (n) | IMA reduction (degrees) P

Gender

Male 12 4.55+2.77

Female 56 4.61+3.11 7
Osteoarthritis first CM

Yes 12 4.50 £4.81

No 56 4.63+2.58 >

Abbreviations: CM, cuneiform-metatarsal joint; IMA, inter-metatarsal
angle; SD, standard deviation.

for IMA correction after MTPJ 1 fusion. Therefore, we
assed different clinical and radiological parameters
associated with MTPJ 1 fusions into a multivariate
analysis with a backward selection procedure.

Table V. — Multivariate linear regression model.*

Pearson correlation coefficients Mean Reduction of IMA
+
IMA reduction P SD
Group Feet (n) | IMA reduction (degrees)
Age (y) 0.16 .19
Fixation Type
Preoperative HVA (degrees) 0.30 0132
IOFIX 36 5.03+2.49
Postoperative HVA (degrees) 0.05 .67
Crossed screws 25 4.88 +£3.59
HVA correction (degrees 0.26 .032
(degrees) Plate/lag screws 7 1.43+1.61
Preoperative IMA (degrees) 0.38 .001* Sesamoid position
First MCA (degrees) -0,12 .34 5 ] 3.63 +1.60
First MCSA (degrees) -0,22 .072 6 18 3.80+2.52
Translation in fusion (mm) -0,54 .003® 7 42 5.10+3.38
Translation at base MT1 (mm) 0.26 .036° Preoperative indication
Change in length first ray (%) 0.11 37 Severe hallux valgus 44 3.40£2.07
Postoperative DFA (degrees) 0.20 11 Hallux rigidus 13 467+2.16
Abbreviations: DFA, dorsiflexion angle; HVA, hallux valgus angle; Relaps Hallux valgus 6 4.38+2.75
IMA, intermetatarsal angle; MCA, metatarsocuneiform angle; MT1, first ..
metatarsal; MCSA, metatarsocuneiform slope angle. *P values <0.1 were Hallux valgus rigidus > 480+334
included for initial multivariate analysis. Abbreviations: IMA, intermetatarsal angle; SD, standard .deviation; aP
values <0.1 were included for initial multivariate analysis..

Ourprincipal finding could identify three independent
predictors of IMA reduction occurring after first MTPJ
fusion. A higher preoperative IMA and translation at
the base of MT1 predict a higher IMA correction after
surgery. On the contrary, translation at the fusion site
decreases the possibility of IMA reduction after surgery.

In 2009, Pydah etal.' reported on a retrospective case
series of 69 first MTPJ fusion for hallux valgus. Their
results showed a mean IMA reduction of 4.5 degrees.
That study demonstrated similar results to those from
the study by Sung et al.'®, where a mean IMA reduction
of 4.7 degrees was achieved in a retrospective study
on first MTPJ fusion on 58 feet. These findings are
consistent with our results, demonstrating an IMA
reduction of 4.95 degrees.

However, failure to reduce IMA after surgery lead to
reduced patient reported outcomes and functionality®.
Therefore some authors have suggested to perform a

Parameter estimate Standard error P value 95% confidence interval for
parameter estimate

lower Upper
Preoperative IMA 0.663 0.124 <.001° 0.419 0.908
Translation in the fusion -0.693 0.184 .002° -1.054 -0.331
Translation at base MT1 0.490 0.247 .039° 0.005 0.974
Abbreviations: IMA, intermetatarsal angle; MT1, first metatarsal. “Model information: n= 68, R? = 0.408, adjusted R? = 0.389. ®Only P values <
.05 were considered significant.
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Figure 3 — Schematic depiction of the adductor tendon used as an IMA
correcting force after first MTPJ fusion (middle) and case where translation in
the fusion might lead to less pull of the adductor tendon (right).

more proximal osteotomy in addition to the first MTPJ
fusion to assure a reduced IMA after surgery'’. This
was contradicted by others researchers, who have
claimed that this additional osteotomy is unnecessary,
because even in cases of IMA greater than 15 degrees,
a desirable correction was obtained after first MTPJ
fusion alone®. In our cohort only 10.2% of all feet
ended up with an IMA of more than 14 degrees,
indicating that an associated proximal osteotomy is not
required in the majority of cases.

The mechanism of metatarsus varus correction after
first MTPJ fusion is unclear and few authors provided
an explanation. A possible explanation might be that
during correction and fusion of the MTPJ, the adductor
of the hallux acts through the conjoint tendon of the
lateral sesamoid on the proximal phalanx and the first
metatarsal as one unit following fixation®. This force,
combined with a mobile TMT1 joint, reduces the IMA'S.
Others propose that the IMA correction is caused by the
spontaneous reduction of the first metatarsal after relief
of retrograde force from the hallux pushing the first
metatarsal medially®. This explanation is supported by
the visible correction immediately postoperatively and
appears to be maintained consistently on postoperative
clinical and radiographic examination.

Despite these suggestions, the relation between
possible explaining variables and IMA reduction has to
our knowledge not been explored.

In our study, seven variables were positively
correlated with IMA reduction on initial univariate
analysis. When these variables were combined into
a multivariate analysis with a backward selection
procedure, only preoperative IMA, translation at the
fusion site and preoperative translation at the base of
MT1 were found to independently predict reduction
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of IMA. These three predicting factors could have
potentially important clinical applications in helping to
estimate in which feet a higher IMA reduction can be
expected.

First, the higher the preoperative IMA the higher the
IMA reduction that can be expected. This has also been
demonstrated in a study performed by Mann et al.'?,
where change in the IMA was directly proportional
to the preoperative IMA. Sung et al.'®, also noted a
proportionate improvement of the IMA according to the
severity of the deformity. These data further clarified
that it is unnecessary to routinely perform a proximal
procedure, even in cases of large IMA.

Secondly, how larger the translation at the base of the
first metatarsal (figure 2) the bigger the IMA reduction
that can be expected. This translation at the base of
the first metatarsal can be a sign of its mobility and
allows for IMA reduction to happen. This conforms
the assumption of Pydah et al.'®, that a mobile first
metatarsal is needed to allow IMA reduction. In a case
series of Dalat et al.®, there were two cases without IMA
reduction after surgery in which vast osteoarthritis of
TMT1 was observed, causing a loss of mobility in that
joint.

Thirdly, a larger postoperative lateral translation of
the proximal phalanx relative to the metatarsal head
leads to less reduction of IMA. This might be explained
by the reduced pull of the adductor of the hallux on the
proximal phalanx and the first metatarsal as one unit
following fixation (figure 3). This novel finding is of
importance, as surgeons should pay attention during
surgery to position the proximal phalanx maximally
medial relative to the metatarsal head to allow for
maximal IMA reduction.
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Although there was a significant correlation con-
sidering the previous described three variables, no
significant associations were found with other variables
and IMA reduction in the final model. Reduction of
length of the first ray was expected to play a role in
IMA reduction, as this shortening could lead to relieve
of retrograde force from the hallux pushing the first
metatarsal medially [9], but it was not an independent
predictor.

Furthermore, reduction of HVA by first MTPJ fusion
was expected to play a role in IMA reduction, as putting
the hallux into a more varus position leads to IMA
reduction”!, but it was not an independent predictor.

The current study has several limitations. First,
although a power analysis was performed regarding
the primary outcome IMA, a larger sample size might
be required to achieve additional power to decrease
the probability of a Type II error for variables that
did not reach significance. Second, we used two new
measurements: Although translation in the fusion
and translation at the base of MT1 are new measures,
interrater ICC values from our measurements in the
study demonstrated excellent reliability. These data
suggest that the two new distances can be reliably
measured and support the use of this radiographic
parameters in future research. Third, this is a
retrospective study and did not investigate clinical
outcomes in association with the reduction in IMA. It
is essential that future prospective studies be performed
to verify our findings and to evaluate its efficacy in
optimizing patient outcomes.

CONCLUSION

Pre-operative IMA and translation at the base of the
first metatarsal were positive predictors for correction
of IMA after first MTPJ fusion. Translation at the level
of the MTP I fusion was a negative predictor for IMA
correction. Based on these findings, we recommended
to limit the lateral translation of the proximal phalanx
relative to the metatarsal head to optimize IMA
correction after MTPJ fusion. A possible explanation
for the observed IMA correction after MTPJ I fusion
can be attributed to the pull of the adductor muscle on
both the proximal phalanx and first metatarsal, which
act as a single unit after fusion. Future prospective
studies with large cohorts including both clinical and
radiological parameters are required to further improve
our understanding of IMA correction mechanism after
MTPJ 1 fusion.
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