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Abstract
Purpose The main aim of this study was to investigate the correlation between radiographic findings and clinical outcomes
following the first metatarsophalangeal (MTP) joint arthrodesis.
Methods In a comparative retrospective study, on 46 patients (48 ft), the correlation between post-operative radiographic
findings including hallux valgus angle (HVA) and first MTP dorsiflexion angle (MTPDA) and clinical outcomes including
VAS pain, modified AOFAS hallux score, and FFI questionnaire were evaluated. Moreover, clinical outcomes were compared
between cases with pre-operative diagnosis of first MTP inflammatory arthritis, hallux valgus, hallux varus, and grade 3 and 4 of
hallux rigidus. The effect of first MTP arthrodesis on Meary’s angle and intermetatarsal angle (IMA) were found out.
Results The mean age of the patients was 56.3 ± 9.1 (range, 29–69) years, including 42 (91.3%) females and 4 (8.7%) males. We
had fusion rate of 97.9%, one asymptomatic nonunion case (2.1%). Totally, mean scores of modified AOFAS hallux score, FFI
percentage, and VAS pain were 88.9 ± 12.6, 9.4 ± 16.5, and 1.23 ± 2.24, respectively. Hallux varus was associated with the most
favourable outcomes; whereas, patients with first MTP arthritis got the worst outcome. Regression analysis test between clinical
outcomes and HVA> 15° and first MTPDA >15° showed correlation coefficient of almost zero. No statistically significant
differences were found between the clinical outcomes of grade 3 and 4 of hallux rigidus (p value of modified AOFAS hallux
score, FFI percentage, and VAS pain: 0.879, 0.906, and 0.298, respectively). Mean of HVA and IMA reduction in 15 hallux
valgus underwent first MTP fusion were 34.4° and 8.4°, respectively. Meary’s angle increased about 4° with statistically
significant difference (p value 0.001).
Conclusion Patients with first MTP fusion > 15° in coronal and transverse plans could have acceptable clinical outcomes. The
clinical outcome of first MTP arthrodesis for grade 3 hallux rigidus is comparable with grade 4. First MTP fusion would have
positive effect on IMA and Meary’s angle.
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Introduction

The first metatarsophalangeal (MTP) joint arthropathy is a com-
mon disorder among referred patients to the foot and ankle
clinics. These patients complain of chronic forefoot pain, reduced
range ofmotion of the big toe, decreased activities of daily living,
and difficulty to find suitable shoes [1]. Arthrodesis of the first
MTP joint is a well-established procedure for treating patients
with destructive inflammatory joint diseases like rheumatoid ar-
thritis or gouty arthritis, advanced hallux rigidus, severe hallux
valgus with arthritic changes, unreconstructible hallux varus de-
formity, old dislocated 1st MTP joint, and neuromuscular condi-
tions as well as a salvage procedure for a failed first MTP
arthroplasty [2–5]. Successful arthrodesis has been achieved by
various fixation methods [6, 7].
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In recent years, the literature has witnessed ongoing interest
in evaluation of outcomes following the first MTP joint ar-
throdesis [8]. Majority of these studies have focused only on
one patient group such as hallux valgus or hallux varus [5,
9–13]. Most of available researches in this line, however, have
been concentrated on the changes of different angles such as
intermetatarsal angle (IMA) following the first MTP arthrod-
esis [5, 12–16]. Moreover, to the best of our knowledge, there
are only few studies which have demonstrated the correlation
between clinical foot function and hallux position after first
MTP fusion [17, 18].

The main aim of the presented study was to investigate the
correlation between post-operative radiographic findings and
clinical outcomes of the patients following first MTP arthrode-
sis, especially in cases fused in more than the angle limitation in
sagittal and transverse planes. In other words, what would be
clinically happened to the patients if the first MTP had been
fused in hallux valgus angle (HVA) more than 15° and/or first
MTP dorsiflexion angle (MTPDA) more than 15°. The other
goal was to compare the functional outcomes of the first MTP
arthrodesis based on the different primary diagnoses including
grade 3 and 4 hallux rigidus, inflammatory destructive arthrop-
athies, hallux valgus, and hallux varus. Moreover, we would
like to find the changes in HVA and IMA in hallux valgus cases
after first MTP fusion and its effect on Meary’s angle.

Materials and methods

After approval of the study by the ethic committee of our uni-
versity in accordance with the ethical standards laid down in the
1964 declaration of Helsinki and its later amendments
(IR.SUMS.MED.REC.1397.519), in a cross-sectional compara-
tive retrospective study, all consecutive patients that underwent
first MTP joint arthrodesis by the senior author (ARV) between
July 2015 and December 2018 were approached for eligibility.
Indications for first MTP arthrodesis were grade 3 hallux rigidus
with > 50% cartilage loss, grade 4 hallux rigidus, first MTP
inflammatory arthropathies with severe joint destruction without
involvement of other lesser toes, hallux valgus combined with
lesser toes deformities in rheumatoid forefoot, severe hallux val-
gus or varus deformities associated with degenerative arthritis,
fixed unreconstructible hallux varus deformities, and hallux val-
gus in neuromuscular diseases like cerebral palsy.

Exclusion criteria were refusal to give informed consent for
participating in the study, any neurodegenerative disorder
leading to a sensory deficit, and any history of trauma or
surgery of the foot and ankle. All patients were contacted to
have a follow-up visit, at least six months following the
surgery.

Demographic characteristics, primary diagnosis, surgical
fixation method, additional procedures done at the time of first

MTP joint arthrodesis, and post-operation complications were
compiled from the patients’ files.

Surgical technique

In brief, all cases were operated in supine position with infla-
tion of a thigh tourniquet. Through medial longitudinal ap-
proach to the first MTP joint, after medial capsulotomy and
resection of synovium and osteophytes, the articular surface
was prepared for arthrodesis using curve osteotomes. After
drilling the first metatarsal head and the proximal phalanx
articular surfaces, the position of big toe for arthrodesis was
adjusted and fixed using a k-wire from distal medial through
the proximal phalanx to proximal lateral in the first metatarsal.
It was tried to have a HVA of 15° in transverse plane and first
MTPDA of 15° in sagittal plane without any rotation in the
frontal plane. In order to achieve first MTPDA of 15°, a flat
metal surface was placed beneath the sole of the foot in neutral
position of the ankle joint. The tip of the big toe should touch
the metal plate with possibility to have dorsiflexion through
interphalangeal joint. Because adjustment of the first MTP
fusion position is an experimental surgical technique, post-
operative inaccuracies may be seen. Often, two crossing
screws were used to fix the arthrodesis, except in cases with
severe osteoporosis or bone loss for whom 3 screws or a cross
screw and dorsal locking plate were used. It should be men-
tioned that no adductor tenotomy was done for all 48 operated
feet.

Clinical evaluation

All patients were interviewed and physically examined. The
following tools were used in order to assess the clinical
outcomes:

a. A subjective yes/no satisfaction question about the
operation.

b. Visual analogue scale (VAS) pain, scoring by “no pain”
and “pain as bad as it could be” from 0 to 10 [19].

c. The reliable translated Persian version of the American
Orthopaedic Foot and Ankle Society’s (AOFAS) hallux
metatarsophalangeal-interphalangeal score (AOFAS hal-
lux) [20], evaluating patient’s pain, function (including
activity limitations, footwear requirements, MTP and IP
joint motion, MTP-IP stability, callus related to hallux
MTP-IP), and hallux alignment. Since the first MTP joint
motion is eliminated by the arthrodesis, this scale was
modified by exclusion of the ten related points and max-
imum score of 90 was normalized to 100. The physical
examinations were done by two authors independently
and the average of the measurements was used as the final
values.
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d. Foot function index (FFI) was designed to measure foot
function in subscales of pain, disability, and activity re-
strictions by 23 subjective questions. The scale is from 0
as the best functional condition of the foot to 100 as the
worst, adapted to percentile report in our study [21].

Radiographic evaluation

On the pre-operative and the last follow-up weight-bearing
plain radiographs of the patients, HVA and IMA in
dorsoplantar view and also Meary’s angle and first MTPDA
in lateral view were measured by the other author based on the
American Orthopaedic Foot & Ankle Society on angular mea-
surements (Fig. 1) [22, 23]. Furthermore, the assessment of
tibial sesamoid position was conducted in dorsoplantar view
relative to the first metatarsal longitudinal bisection using
Hardy and Clapham’s classification, scoring from 0 to 7 [24].

Statistical analysis

Statistical analysis was performed using the statistical package
for the social sciences version 16.0 for windows (SPSS Inc.
Chicago, IL, USA). Descriptive data such as demographics,
clinical outcomes, and radiographic findings were expressed
as frequency, mean, and standard deviation. Paired sample t

test and its non-parametric equivalent were employed to eval-
uate the significance of the difference between pre- and post-
operative radiological findings.

Patients were categorized into two groups based on HVA
and also MTPDA (greater and lesser than 15°). Clinical find-
ings were compared between the groups usingMann-Whitney
U test. The alpha level was set at 0.05. Moreover, in order to
estimate the relationship between post-operative clinical out-
comes and HVA and MTPDA > 15°, regression analysis was
used to find the correlation coefficient.

Results

From 57 patients underwent first MTP fusion, eleven patients
were not joined the project: one died due to cardiovascular
disorder, one wheelchair-bound case with diagnosis of multi-
ple sclerosis, two patients migrated to another city or country,
two subjects were unavailable without accurate contact ad-
dress, and five patients refused to participate.

Finally, 46 patients with mean age of 56.3 ± 9.1 (range, 29–
69) years, including 42 (91.3%) females and four (8.7%)
males were enrolled. As two women underwent bilateral first
MTP fusion, 48 feet were studies (right, 29 and left, 19).Mean
follow-up visit for the patients was 21.7 ± 11.8 (range, 6–45)
months.

Fig. 1 Measuring the first
MTPDA by drawing bisecting
line of the first metatarsal and
proximal phalanx

Fig. 2 Asymptomatic
pseudoarthrosis of the first MTP
arthrodesis in a 45-year-old
woman at 1 year following the
surgery: dorsoplantar (a), lateral
(b)
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Of the 46 patients, 15 had underlying diseases: one had
Behcet’s disease, one had diabetes mellitus, and 13 had rheu-
matoid arthritis (RA). The most common primary diagnosis
was hallux rigidus (23 ft), followed by rheumatoid arthritis
(14 ft: 9 hallux valgus with lesser metatarsal rheumatoid de-
formities and 5 first MTP destructive inflammatory arthropa-
thies), hallux valgus (6 ft), hallux varus (3 ft: one idiopathic,
one with old traumatic subluxation of the first MTP joint, one
case of old fracture disruption of medial sesamoid), and cere-
bral palsy (2 cases). Among 23 ft with primary diagnosis of
hallux rigidus, there were 15 females of grade 3 with mean age

of 57.4 years. Hallux rigidus grade 4 was the primary diagno-
sis of eight feet, five females and two males, one bilateral.

Fixation methods for arthrodesis included two cross screws
for 40 feet, three cross screws for three feet, and a screw and
dorsal locking compression plate for five rheumatoid feet.
Bone graft was impacted in the site of first MTP fusion for
31 out of the 48 (64.6%) operated feet; one of them was
harvested from resected second and third metatarsal head dur-
ing resection arthroplasty procedure and all the others from the
calcaneus. For 21 patients, additional surgical procedures for
lesser metatarsal bones including arthrodesis of proximal

Table 1 Clinical outcome scores
according to the pre-operative di-
agnosis, Mean ± std. deviation
(range)

Total First MTP arthritis Hallux valgus Hallux varus

Modified
AOFAS
hallux

88.9 ± 12.6 (37–100) 88.0 ± 12.0 (46–100) 88.9 ± 14.4 (37–100) 96 ± 3.2 (94–100)

FFI
percentage

9.4 ± 16.5 (0–68) 10.8 ± 16.9 (0–68) 8.3 ± 17.2 (0–66) 1.6 ± 1.64 (0–3)

VAS pain 1.23 ± 2.24 (0–10) 1.5 ± 2.2 (0–9) 0.9 ± 2.4 (0–10) 0.0 ± 0.0 (0–0)

First MTP arthritis includes hallux rigidus in addition to destructive rheumatoid arthritis without valgus or varus
deformities

Table 2 Pre- and post-operative
radiographic values in 48 ft HVA IMA Meary’s angle First MTPDA Tibial sesamoid position

Pre-op 25.4° ± 21.7° 14.4° ± 6.0° − 8.1° ± 8.8° 16.1° ± 12.4° 3.9 ± 2.4

Post-op 12.2° ± 7.1° 10.7° ± 3.4° − 5.1° ± 6.3° 20.7° ± 6.2° 2.5 ± 1.3

P value 0.000 0.000 0.001 0.004 0.000

HVA hallux valgus angle, IMA 1–2 intermetatarsal angle, first MTPDA first metatarsophalangeal dorsiflexion
angle

Table 3 Post-op HVA and first MTPDA based on pre-operative diagnosis (degree)

Total First MTP arthritis Hallux valgus Hallux varus

HVA 12.2 ± 7.1 ((− 6.8)–(+ 25.1)) 12.5 ± 6.5 (0.2–25.1) 13.2 ± 7.1 (1.3–24.7) 4.1 ± 9.9 ((− 6.8)–(+ 12.7))
First MTPDA 20.7 ± 6.2 (3.5–32.6) 21.0 ± 6.1 (10.4–32) 21.0 ± 4.0 (13.3–28.6) 15.9 ± 15.0 (3.5–32.6)

Table 5 Meary’s angle changes based on the pre-operation diagnosis
(degree)

Pre-op Post-op

First MTP arthritis − 6.7 ± 7.3 − 4.4 ± 4.7

Hallux valgus − 10.6 ± 9.0 − 6.9 ± 6.8

Hallux varus − 5.3 ± 17.5 − 1.1 ± 14.5

Total − 8.1 ± 8.8 − 5.1 ± 6.3

Table 4 Pre- and post-operative radiographic values in 15 ft with hallux
valgus

HVA IMA Tibial sesamoid position

Pre-op 47.7° ± 9.3° 20.0° ± 5.0° 6.6 ± 0.5

Post-op 13.3° ± 7.2° 11.6° ± 4.3° 3.3 ± 1.1

P value 0.000 0.001 0.000
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interphalangeal joint, flexor to extensor tendon transfer, weil
osteotomy, extensor tendon tenotomy, resection arthroplasty,
Morton neuroma excision, and gastrocnemius recession were
done at the same time.

Of the 48 feet underwent first MTP fusion, four (8.3%)
showed a post-operation complication: one case of superficial
infectionwithwound healing disturbances responsive to dressing
change and oral antibiotic, one hardware removal due to pain and
foreign body sensation, one deep vein thrombosis treated by
anticoagulant medications, and one case of asymptomatic radio-
logic nonunion without needing a revision surgery with primary
diagnosis of hallux rigidus grade 3 (Fig. 2).

Post-operative outcomes

Totally, satisfaction rate was 93.8% with only three unsatis-
fied patients. Scores of modified AOFAS hallux, FFI, and
VAS pain are shown in Table 1. It should be mentioned that
in tables, first MTP arthritis includes hallux rigidus in addition
to destructive rheumatoid arthritis without valgus or varus
deformities. Hallux varus was associated with the most
favourable outcomes, based on the mean scores of modified
AOFAS hallux, FFI percentage, and VAS pain. Notably, pa-
tients with first MTP arthritis got the worst outcome due to
their higher VAS and FFI scores in comparison with other
primary diagnosis; however, overall they were excellent.
Mean scores of modified AOFAS hallux score were similar
for first MTP arthritis and hallux valgus.

Pre- and post-operative radiographic values of all cases are
summarized in Tables 2 and 3. Post-operative − 6.8° of HVA
was for a nonflexible hallux varus case with pre-operative
HVA of − 25.5°. Comparison of the pre-operative radiograph-
ic findings with post-operation values indicated that HVA,

IMA, and Meary’s angles reduced significantly while first
MTPDA were significantly increased.

Table 4 shows pre- and post-operative radiographic values
in 15 ft with hallux valgus. As predicted, mean of HVA and
IMA reduction in cases with hallux valgus underwent first
MTP fusion were 34.4° and 8.4°, respectively.

Meary’s angle changes based on the pre-operation diagno-
sis are presented in Table 5. Meary’s angle increased in all
cases with statistically significant difference (p value 0.001).
In the other word, first MTP arthrodesis can correct longitu-
dinal arch of the foot by 3 to 4°.

As illustrated in Table 6, there is no statistically significant
difference between the cases with HVA ≥ 15° and HVA < 15°
and also between case with first MTPDA ≥ 15° and first
MTPDA < 15° for all clinical outcome measurements (p value
> 0.05). Furthermore, regression analysis test between clinical
outcomes and HVA and first MTPDA more than 15° showed
correlation coefficient of almost zero (Table 7). Scatterplot graph
of clinical outcome scores revealed no any correlation between
reduction in clinical outcomes and increased HVA and first
MTPDA (Figs. 3 and 4); however, the maximum values for
HVA and first MTPDA were 25.1° and 32.6°, respectively.

We found no statistically significant differences between
clinical outcome of grade 3 and 4 hallux rigidus, as shown in
Table 8.

Discussion

First MTP joint arthrodesis is a safe and effective treatment for
cases with first MTP hallux rigidus, inflammatory arthropa-
thies or severe varus, or valgus deformities with low compli-
cation rates. Wholly, we had fusion rate of 97.9% with one
asymptomatic fibrous nonunion (2.1%). This is superior to
average fusion rate of about 90 to 95%, as previously reported
in the literature [10, 25–28]. Our higher union rate may be due
to use of bone graft in 64.6% of cases. As we used osteotome
to resect remnant of cartilages, we had to use autograft in cases
with irregularity in the matching surfaces of metatarsal head
and proximal phalanx base. The other important point is using
two or three cheap 3.5-mm cortical screws to fix the first MTP
arthrodesis for 43 feet instead of expensive plates, as we had to
use these locking plates for five rheumatoid osteoporotic feet.

Table 6 Comparison of clinical
outcomes with different angles of
the first MTP fusion

Modified AOFAS hallux FFI percentage VAS pain

HVA ≥ 15° (16 cases) 83.1 ± 18.2 17.0 ± 24.8 2.0 ± 3.4

< 15° (32 cases) 91.8 ± 7.4 5.6 ± 8.4 0.8 ± 1.2

P value 0.09 0.40 0.68

First MTPDA ≥ 15° (37 cases) 88.4 ± 13.4 9.9 ± 17.9 1.4 ± 2.5

< 15° (11 cases) 90.6 ± 9.8 7.7 ± 10.9 0.7 ± 1.2

P value 0.610 0.901 0.472

Table 7 Correlation coefficient between clinical outcome scores and
post-op first MTPDA and HVA more than 15°

Modified AOFAS hallux FFI percentage VAS pain

HVA − 0.080 − 0.124 − 0.055
First MTPDA 0.126 − 0.181 − 0.021
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The literature review showed that previous studies
about radiographic findings of the first MTP arthrodesis
has focused on the IMA correction following arthrodesis
in patients with hallux valgus deformity [13, 15, 29]. Our
findings showed a mean IMA decrease of 3.7° in all cases
and 8.4° in 15 cases with hallux valgus, which could be

exactly the same as 8.22° reported by Cronin et al. [29]
and 8.3° described by McKean et al. [13]. The main struc-
ture resulted in reduction in IMA after first MTP arthrod-
esis is the intact adductor of big toe. Moreover, mean
HVA change was 34.4°, similar to 36.4° reported previ-
ously [13].

Fig. 3 Scatterplot graph of
clinical outcome scores for post-
operative first MTPDAmore than
15°
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Fig. 4 Scatterplot graph of
clinical outcome scores for post-
operative HVA more than 15°

Table 8 Clinical outcome scores
and p values between grade 3 and
4 of hallux rigidus, mean ± std
deviation (range)

Grade 3 Grade 4 P value

Modified AOFAS hallux 87.9 ± 13.8 (37.7–100) 89.1 ± 10.0 (68.8–100) 0.879

FFI percentage 11.2 ± 17.5 (0–68.7) 9.8 ± 18.6 (0–55.6) 0.906

VAS pain 1.4 ± 2.3 (0–9) 2.0 ± 2.2 (0–7) 0.298
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The alignment of the big toe is essential for weight bearing
during gait cycles and to balance the physiologic load pressure
between metatarsal bones. So, any malalignment could result
in difficulties in shoe wearing, lateral metatarsalgia, and pos-
sible big toe interphalangeal joint arthritis [2]. Our primary
purpose to perform this study was to determine the importance
of the literature-defined radiographic angles for first MTP ar-
throdesis in the clinical outcomes. As mentioned in Table 2,
the mean of pre-operative first MTPDAwas 16.1°, the normal
and expected angle that should be achieved during first MTP
arthrodesis surgery, but we hadmoremean post-operative first
MTPDA (20.7°). This means that adjusting the first MTPDA
during first MTP fusion surgery with a flat steel plate may
result in overestimation of dorsiflexion of the big toe; where-
as, the clinical results can be acceptable. Doeselaar et al. [17]
found out that there is no correlation between the hallux po-
sition and the final clinical outcomes by assessing 62 cases
after first MTP fusion (median FFI 8; range 0 to 59). Notably,
they had post-operative first MTPDA range of 7 to 45° and
HVA range of − 2 to 33°. Mann and Oates [18] had mean of
post-operative first MTPDA 31° (range, 15–44°) and HVA
15° (range, 0–33°) by reviewing 41 first MTP fusion. They
did not approve any correlation between the post-fusion posi-
tion of the great toe and the patient’s evaluation of the surgical
procedure. They did not use any validated score for assessing
foot function. Our maximum post-operative angles were few-
er (first MTPDA range, 3 to 32° and HVA, − 7 to 25°). In our
study, there was no significant difference between patients
with HVA or first MTPDA ≥ 15° and cases with HVA or first
MTPDA < 15°, regarding final clinical outcomes.

In this study, we have categorized the patients into three
groups based on the primary diagnosis; hallux valgus, hallux
varus, and first MTP arthritis includes hallux rigidus in addition
to destructive rheumatoid arthritis without valgus or varus defor-
mities. We decided to combine hallux rigidus and inflammatory
arthropathies without deformities because of the nature of both
diseases as a joint destructive disease. The results indicated that
patients with first MTP arthritis got the worst scores in FFI per-
centage and VAS pain post-operatively. On the other hand, hal-
lux varus cases had the highest scores, although we had only
three cases of hallux varus. The patients with hallux varus defor-
mity may have the best final result because they can get rid of
painful range of motion besides an unpleasant deformity. In con-
trary to our results, a previous study compared the first MTP
arthrodesis outcomes in hallux valgus and hallux rigidus patients
and concluded no significant differences between them [17].
Korim and Allen [30] categorized the 116 patients who
underwent first MTP arthrodesis into four groups including hal-
lux valgus, hallux rigidus, inflammatory arthropathy, and salvage
surgery. They reported hallux valgus cases are associated with
higher nonunion rates in comparison with the other groups.
Based on our results, firstMTP arthrodesis would be an excellent
option for specific types of hallux valgus deformity without

nonunion; however, the routine surgical techniques for hallux
valgus correction are surgical soft tissue release and different
kinds of open or minimally invasive osteotomies [31–35].

The strengths of the presented study are performing all
surgeries by a single orthopaedic foot and ankle surgeon using
screws as the constant fixation method in all patients except
osteoporotic rheumatoid cases. This leads to a prevention
from the common technical bias in previous studies, evaluat-
ing the first MTP arthrodesis outcomes done by multiple sur-
geons [8, 9, 36]. Also, there were some limitations. First,
having only three cases of hallux varus made the results diffi-
cult to be generable for this group of patients. The study was
designed to assess the relationship between the post-operative
radiographic findings and clinical outcomes, not the improve-
ment from the arthrodesis, as it has previously been discussed
and established very well in the literature by comparing pre-
operative to post-operative scores [9–11, 27].

In conclusion, we found out that first MTP arthrodesis has
a positive effect on IMA and Meary’s angle. Moreover, this
study can illustrate that the first MTP arthrodesis, in a variety
of primary diagnoses, can lead to a high patient satisfaction
with fusion rate of more than 95% and excellent clinical out-
comes. The study showed that clinical outcomes of the pa-
tients with post-operative HVA ≥ 15° and HVA< 15° are sim-
ilar. Furthermore, patients with first MTP fusion ≥ 15° in cor-
onal and transverse plans could have acceptable clinical out-
comes, albeit the maximum post-operative HVA and first
MTPDA should be less than 25° and 32°, respectively.
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