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Article

Introduction

Hallux valgus is a progressive deformity of the first metatar-
sophalangeal joint most commonly seen in women in the 4th 
to 6th decade of life.4 Although there are many potential 
causes, including genetics, restrictive shoe wear, rheumatoid 
arthritis, and neuromuscular disease, the common pathway is 
a varus deformity of the metatarsal with valgus deformity 
through the first MTP joint and pronation of the great toe.2-4,6,7 
Operative correction of the deformity is indicated to relieve 
pain and improve shoe wear. The operative goals are restora-
tion of the anatomy to near population norms to prevent recur-
rence of the progressive deformity. Recurrent deformity may, 
in part, be caused by a laterally displaced pull of the flexor, 
extensor, and adductor tendons.

Three angles (HVA, IMA, and distal metatarsal articular 
angle [DMAA]) are commonly evaluated when determining 

the best operation for a symptomatic bunion. The hallux val-
gus angle (HVA) measures the amount of valgus at the first 
MTP joint. The first-to-second intermetatarsal angle (1-2 
IMA) evaluates the severity of metatarsus primus varus. The 
DMAA assesses the relationship of the articular surface of 
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Abstract
Background: Arthrodesis is a standard operative treatment for symptomatic arthritis of the first metatarsophalangeal 
(MTP) joint. Patients with degenerative joint disease (DJD), severe hallux valgus, and metatarsus primus varus may also 
require fusion of the first MTP joint. An important question in the latter group of patients is whether a proximal first 
metatarsal osteotomy is required, in addition to the first MTP joint fusion. Our hypothesis was that patients with severe 
hallux valgus and metatarsus primus varus, treated with first MTP joint arthrodesis alone, would have correction of the 
first-to-second intermetatarsal angle (1-2 IMA) and hallux valgus angle (HVA) to near population norms, without the 
addition of a proximal first metatarsal osteotomy.
Methods: Preoperative and postoperative radiographs of 19 feet, in 17 patients, with preoperative IMA greater than 
15 were analyzed. Weight-bearing radiographs were divided into pre- and postoperative cohorts. Three independent 
reviewers measured these radiographs and mean 1-2 IMA and HVA were calculated. Mean follow-up was 10 months.
Results: The mean preoperative 1-2 IMA was 19.2 degrees (15.6-24.3). The mean preoperative HVA was 48.5 (36-56.6). 
The mean postoperative values for 1-2 IMA and HVA were 10.8 and 12.3 degrees, respectively. The mean change in 
IMA was 8.3 degrees and in the hallux valgus angle was 36.4 degrees. The differences between pre- and postoperative 
measurement for both angles were statistically significant (P < .001). Seven of 19 (37%) feet were corrected to an IMA of 
less than 9 degrees (normal), whereas in 15/19 feet the postoperative IMA was 12.3 degrees or less. The postoperative 
HVA was less than 15 degrees in 15/19 (79%) feet.
Conclusion: This pre- and postoperative radiographic analysis of patients with severe bunion deformity demonstrated 
that HVA and 1-2 IMA were acceptably corrected without the addition of a proximal first metatarsal osteotomy.
Level of Evidence: Level III, retrospective comparative series.
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the first ray to its metatarsal shaft. Relative normal values 
for these vary in the literature, but accepted norms are as fol-
lows: HVA less than 15 degrees,8 1-2 IMA approximately 9 
degrees,8 and DMAA from 0 to 15 degrees.4 Severe bunions 
are defined in the literature as having an HVA of greater than 
40 degrees and a 1-2 IMA greater than 15 to 16 degrees.2,12

The goal of the present study was to evaluate those 
patients with severe bunions who underwent first MTP 
arthrodesis for radiographic correction of the 1-2 IMA and 
the HVA. We hypothesized that after MTP fusion, the 
deforming forces of the hallux flexor, extensor, and adduc-
tor tendons would be converted to a corrective force across 
the more proximal first TMT, correcting the 1-2 IMA. We 
specifically postulated that the majority of patients with 
severe bunions undergoing first MTP joint arthrodesis 
would have a correction in the 1-2 IMA and HVA, which 
would be close to the accepted population norms of 9 
degrees and less than 15 degrees respectively.

Methods

The University Institutional Review Board approved a ret-
rospective study of patients who underwent first MTP 
joint fusion for severe hallux valgus deformity at the out-
patient surgery center. All surgeries were performed by the 
senior author. Standard internal fixation methods were 
used during the operative procedures. Patients were iden-
tified by searching the database of the senior author for the 
CPT code 28750, which is arthrodesis of the first MTP 
joint. This initial search produced more than 300 patients. 
These patients were initially screened by measuring the 
HVA and 1-2 IMA and only those with IMA greater than 
15 were included in the study. Nineteen total feet (17 
patients) met the criteria for severe hallux valgus based on 
having a 1-2 IMA greater than 15 degrees and thus were 
included for analysis. Seven left and 12 right feet were 
included. Mean follow-up was 10 months.

Digital radiographs (weight-bearing anteroposterior 
views) were collected and sorted into “preoperative” and 
“postoperative” folders and subfolders (by patient name). 
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 3 inde-
pendent reviewers at different levels of training (third-
year orthopedic resident, fourth-year orthopedic resident, 
and orthopedic foot/ankle staff). At the completion of the 
review process, the identifying code was broken and all 
recorded measurements were transferred to a master 
spreadsheet and analyzed.

Each independent review of radiographs consisted of 
measurements made on weight-bearing anteroposterior 
radiographs of the foot using the digital angle measurement 

tool on the Phillips I-site PACS software. Two measure-
ments were obtained from each pre- and postoperative 
radiograph: the hallux valgus angle (HVA) and the 1-2 
IMA. The films measured were weight-bearing films 
obtained preoperatively, and once weight bearing was 
allowed postoperatively. Our protocol was to obtain non–
weight bearing films to evaluate for healing with weight 
bearing films being obtained first around 3 months postop-
eratively. The 1-2 IMA was obtained by drawing lines down 
the center of both the first and second metatarsal shafts. The 
angle between these 2 lines was calculated by the PACS 
software. The HVA was measured between the previously 
drawn line down the first metatarsal and a second line down 
the center of the proximal phalanx shaft. This angle was 
again calculated using the PACS software (Figure 1). All 
recorded measurements are shown in Table 1. The angles 
for the 3 reviewers were then averaged to give a mean 1-2 
IMA and HVA. Statistical analysis was performed using 
SPSS statistical software (IBM, Inc, Armonk, NY). 
Descriptive statistics were calculated on combined observer 
measurements and were reported as the mean value ± stan-
dard error of the mean (SEM). A paired Student t test was 
used to compare preoperative and postoperative values. A 
value of P <.05 was considered significant for all 
comparisons.

Figure 1. (A and B) Patient with significant correction of the 
1-2 IMA and HVA angles postoperatively after a first MTP fusion. 
No proximal osteotomy was needed to achieve a 10-degree 
correction in the 1-2 IMA. HVA, hallux valgus angle; 1-2 IMA, 
first-to-second intermetatarsal angle; MTP, metatarsophalangeal.
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Results

The mean preoperative 1-2 IMA was 19.2 degrees (range 
15.6-24.3 degrees). The mean preoperative HVA was 48.5 
degrees (range 36-56.6 degrees), as seen in Table 1. Results 
from this study show an average change in the IMA of 8.3 
degrees (±3.0 degrees [standard deviation]) and hallux val-
gus angle of 36.4 degrees (±6.4 [standard deviation]), dis-
played in Figure 2. Paired t test demonstrated that differences 
between pre- and postoperative measurements for both 
angles were statistically significant (P ≤ .001).

Mean postoperative values for 1-2 IMA and HVA were 
10.8 and 12.3 degrees, respectively (Table 1). Seven of 19 
(37%) feet were corrected to an IMA of less than 9 degrees, 
which is considered normal,8 whereas in 15/19 (79%) feet, 
the postoperative IMA was 12.3 degrees or less. The post-
operative HVA was less than 15 degrees in 15/19 (79%) 
feet.

Discussion

In this study, we present the power of the MTP arthrodesis 
to correct the 1-2 IMA to a normal value almost 40% of the 
time and to an acceptable level in the vast majority of cases 

without the addition of a proximal first metatarsal osteot-
omy. We believe that after a first MTP fusion, the pull of the 
flexor, extensor, and adductor tendons is converted from a 
deforming force to a corrective force to the varus on the first 
metatarsal. Although an additional osteotomy can improve 
1-2 IMA correction even further, these procedures are not 
without risk. Mann has reported on the potential for mal-
union and shortening of the first ray after Mau osteotomy 
leading to transfer metatarsalgia on the lesser metatarsal 
heads.9 Nonunion may also occur with any osteotomy. 
Thus, it is important to determine whether a more proximal 
procedure adds any benefit. We feel it is not required 
according to our current findings.

Successful clinical results for patients undergoing first 
MTP joint arthrodesis can be found throughout the litera-
ture. Fusion rates are reported to be from 77% to 100%, 
with the average being higher than 90%1 and an overall suc-
cess rate around 91% for the operation.11 Coughlin et al 
reported on patients undergoing MTP fusion for moderate 
to severe hallux valgus with an average follow-up of more 
than 8 years.3 Coughlin reported that 80% of the patients in 
his study reported excellent results, whereas the remaining 
20% reported good outcomes. All patients reported signifi-
cant pain relief.3 These findings along with other studies in 
the literature support the idea that those patients undergoing 
first MTP fusion have very good clinical results.6,7

Recent literature suggests that first MTP arthrodesis 
alone does not adequately address metatarsus primus varus, 
thus requiring an additional proximal procedure (Lapidus or 
Mau osteotomy) to correct the wide first intermetatarsal 
angle (1-2 IMA).12 Rippstein et al looked at patients with 
severe bunions (HVA >40 degrees and a 1-2 IMA >15) who 
underwent first MTP arthrodesis and a proximal corrective 
procedure. They showed that by including a proximal pro-
cedure with the MTP fusion, they were able to correct the 
1-2 IMA to an average of 4.6 degrees, with a mean 

Table 1. Average Measured HVA and 1-2 IMA for Each Patient 
in the Study.a

Preoperative Postoperative

Patient Side IMA HVA IMA HVA

Foot 1 L 16.7 36 8.0 8.0
Foot 2 R 24.3 56.7 12.3 12.0
Foot 3 L 17.3 45.3 10.3 5.0
Foot 4 R 16.7 41.0 11.0 10.0
Foot 5 R 15.7 50.7 7.3 16.0
Foot 6 L 17.3 40.3 13.3 12.7
Foot 7 R 21.3 42.7 16.7 15.3
Foot 8 R 16.0 42.0 13.3 9.7
Foot 9 R 17.0 53.7 9.0 24.0
Foot 10 R 19.0 57.7 10.0 13.3
Foot 11 L 21.3 55.0 6.3 13.3
Foot 12 R 19.3 41.7 11.3 13.7
Foot 13 R 23.0 51.0 10.0 7.0
Foot 14 L 19.7 46.3 9.0 8.7
Foot 15 L 21.3 39.7 12.3 5.0
Foot 16 R 18.7 55.3 9.0 20.3
Foot 17 L 16.0 54.0 7.7 14.7
Foot 18 R 22.3 56.3 13.7 7.7
Foot 19 R 22.7 56.3 16.0 16.7
Average 19.3 48.5 10.9 12.3

Abbreviations: HVA, hallux valgus angle; 1-2 IMA, first-to-second 
intermetatarsal angle; MTP, metatarsophalangeal.
aWith only a first MTP fusion, we were able to achieve an 8.3-degree 
correction in the 1-2 IMA.

Figure 2. Graph presenting a visual indicator of the average 
severity of preoperative hallux valgus and the average 
postoperative deformity that remained. The error bars 
represent the minimal and maximal preoperative and residual 
deformity seen.
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correction of 14 degrees.12 The rationale behind this is that 
correction of the 1-2 IMA will allow for improved appear-
ance of the foot by decreasing the gapping in the first web-
space and allow for more normal shoe wear by decreasing 
the width of the foot.12 These authors emphasized that pre-
vious studies evaluating 1-2 IMA correction in patients 
undergoing first MTP fusion included bunions of varying 
severity.5,10,12

Our present study was created to investigate radiographic 
correction of the 1-2 IMA and HVA in patients with severe 
bunions undergoing first MTP fusion. To our knowledge, this 
subset of patients has not been isolated and studied specifi-
cally for correction of HVA and 1-2 IMA. We specifically 
hoped to address the controversy as to whether a proximal 
osteotomy is radiographically required after an MTP fusion. 
We demonstrated that the HVA and the 1-2 IMA can be sig-
nificantly corrected with first MTP joint arthrodesis, without 
an additional proximal first metatarsal osteotomy. Our patients 
had an average correction in the 1-2 IMA of 8.3 degrees and 
an HVA correction of 36.4 degrees. These corrections allowed 
for resultant mean angles of 10.8 degrees (1-2 IMA) and 12.3 
degrees (HVA), both of which are comparable to results 
reported by Coughlin et al.3 Although we did not report clini-
cal results in our present study, our study shows equivalent 
radiographic results based on postoperative angles when com-
pared to Coughlin et al’s study, which reported mostly excel-
lent results.3

Pyrdah et al10 and Cronin et al5 both looked at correction 
of the IMA after first MTP fusion and showed that there was 
an average correction of 5.44 and 8.22 degrees, respectively. 
Both of these studies included multiple patients with mild 
bunions. Fifty percent of patients in the latter study and 55% 
of the patients in the former had a 1-2 IMA ≤15.0 degrees. 
Our study looked only at severe bunions; thus, all but 1 of 
our patients had a 1-2 IMA greater than 16 degrees, and all 
but 1 patient had an HVA greater than 40 degrees. By select-
ing severe bunions, we hoped to show that if the angles can 
be corrected in these patients, they should be correctable in 
almost all patients with lesser deformities. Our mean postop-
erative 1-2 IMA was acceptable and comparable to previous 
studies of first MTP joint fusions without proximal osteoto-
mies. The 1-2 IMA was corrected to normal in 39% of feet 
and to 12.3 degrees or less in 79% of feet.

Our goal was to demonstrate radiographic correction of 
deformity, but we realize that a major limitation of this 
study is that this is a retrospective radiographic review that 
does not analyze clinical results.

Conclusion

We feel this study demonstrated adequate radiographic 
correction of the 1-2 IMA after MTP fusion for severe 
bunions. With a distal fusion alone, we were able to bring 

many patients to an acceptable 1-2 IMA angle. We think 
clinical success is guided by reconstruction of the anat-
omy and avoiding of complications. Our data shows that 
in a majority of cases, we recreated acceptable anatomy 
with less surgery than a combined proximal and distal pro-
cedure, thereby decreasing the risk of complications.
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