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Abstract
Background Patient function after arthrodesis of the first
metatarsophalangeal joint (MTPJ) relies on proper posi-
tioning of the first MTPJ. To maximize the likelihood of
good postoperative function, the dorsiflexion angle, re-
ferred to as the fusion sagittal angle, should range between
20° and 30°, corresponding to 10° to 15° of dorsiflexion off
the weightbearing axis. However, achieving appropriate
sagittal alignment intraoperatively is challenging. The ar-
tificial floor technique (AFT) uses a rigid, flat surface to
simulate the weightbearing position of the foot intra-
operatively to accurately position the first MTPJ without
fluoroscopy. This technique has been previously described
and is commonly used but, to our knowledge, it has never
been validated.
Questions/purposes (1) Is the AFT a valid and repeatable
technique for positioning the fusion sagittal angle between
20° and 30° of dorsiflexion from the first metatarsal? (2)

Does the fusion sagittal angle obtained using the AFT vary
with foot size?
Methods In this retrospective study, a search was per-
formed using Current Procedural Terminology codes for
patients undergoing first MTPJ arthrodesis by one surgeon
between June 2012 and June 2020. The surgical technique
used during this time did not vary and consisted of the use
of a rigid, flat, sterile surface. The entire foot was placed flat
on the surface, simulating the weightbearing position and
allowing for an evaluation of the fusion sagittal angle of the
first MTPJ. The target sagittal alignment was achieved
when the soft tissue of the plantar surface at the distal-most
aspect of the proximal phalanx was measured (using a
sterile ruler) as 1 cm off the artificial floor. The recom-
mended fusion sagittal angle falls within a range of 20° to
30°, which allows for 1-mm to 2-mm variations in mea-
suring the elevation of the proximal phalanx off the artifi-
cial floor. Fixation was achieved with two 2.8-mm
threaded, double-pointed Steinmann pins placed through
the intramedullary canal of the proximal and distal pha-
langes and into the first metatarsal. Once fixation was
achieved, the fusion sagittal angle was confirmed with the
AFT without using fluoroscopy. Postoperatively, patients
were allowed to bear weight fully on their heels in a
postoperative, rigid-soled shoe. During the study period,
117 patients (135 feet) underwent first MTPJ arthrodesis
utilizing the AFT for either first MTPJ arthritis/hallux
rigidus, hallux valgus, or inflammatory arthropathy. Of
those, we considered patients with preoperative AP and
lateral weightbearing radiographs and patients with AP and
lateral weightbearing radiographs at 3 months post-
operatively after the removal of the internal fixation con-
struct as eligible for analysis. Based on these criteria, 84%
(113 of 135) of feet were included in the final radiographic
analysis. Sixteen percent (22 of 135) of the feet were

Each author certifies that there are no funding or commercial
associations (consultancies, stock ownership, equity interest,
patent/licensing arrangements, etc.) that might pose a conflict of
interest in connection with the submitted article related to the
author or any immediate family members.
All ICMJE Conflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research® editors and board members
are on file with the publication and can be viewed on request.
Ethical approval for this study was obtained from Case Western
Reserve University Hospitals, Cleveland, OH, USA (number
STUDY20190865).

1Department of Orthopaedic Surgery, Case Western Reserve
University, University Hospitals Cleveland Medical Center,
Cleveland, OH, USA

J. T. Strony ✉, Department of Orthopaedic Surgery, University
Hospitals Cleveland Medical Center, 11100 Euclid Avenue,
Cleveland, OH 44106, USA, Email: johntstrony@gmail.com

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

https://orcid.org/0000-0002-8703-1146
mailto:johntstrony@gmail.com


excluded because postoperative radiographs demonstrat-
ing the removal of the internal fixation construct were ab-
sent from the Picture Archiving and Communication
System (PACS) in these cases. The length of the whole
foot, first metatarsal, and proximal phalanx were measured
on preoperative weightbearing radiographs. In addition,
fusion sagittal angles were measured on weightbearing
radiographs after removal of internal fixation construct at a
minimum of 3 months postoperatively (mean 3.5 6
2.2 months). No patients were lost to follow-up before
obtaining those radiographs. Two qualified reviewers in-
dependently evaluated each radiograph. We ascertained
inter- and intraobserver reliability using intraclass corre-
lation coefficients (ICCs). We determined whether the fu-
sion sagittal angle obtained using the AFT varied with foot
size by using a multiple linear regression model.
Results In the entire study group, the mean fusion sagittal
angle using the AFT was 27°6 4°. The interobserver ICC
of the fusion sagittal angle measurements was 0.92 (95%
confidence interval [CI] 0.56 to 0.97; p < 0.001). The
intraobserver ICC for reviewer 1 was 0.95 (95% CI 0.92 to
0.97; p < 0.001) and the intraobserver ICC for reviewer 2
was 0.97 (95% CI 0.88 to 0.98; p < 0.001). Ninety-one
percent (103 of 113) of the study group fell within the
acceptable range of 20° to 30° 6 2°. The multiple linear
regression analyses demonstrated that the preoperative
lengths of the whole foot (b =-0.05 [95% CI -0.12 to 0.02];
p = 0.16), proximal phalanx (b =-0.13 [95% CI -0.46 to
0.20]; p = 0.44), and first metatarsal (b = 0.13 [95% CI
-0.10 to 0.35]; p = 0.27) were not independently associated
with the postoperative fusion sagittal angle.
Conclusion TheAFT allows for accurate and reproducible
positioning of the first MTPJ within the appropriate func-
tional range of dorsiflexion, regardless of foot size.
Additionally, this technique can be performed without
fluoroscopy and so avoids radiation exposure to the patient
and the surgical team.
Level of Evidence Level III, therapeutic study.

Introduction

Arthrodesis of the first metatarsophalangeal joint (MTPJ) is
commonly used to treat an array of pathologic conditions
affecting this joint, including endstage Grade 4 de-
generative arthritis (Fig. 1), failed cheilectomy, severe
and/or recurrent hallux valgus, and inflammatory arthrop-
athies [2, 5, 9, 25, 26]. Numerous fixation methods have
been described, including dorsal plates [4, 10, 16, 17], a
single intramedullary lag screw [20], crossed screwed fix-
ation [6, 12], Steinmann pins [24], and Kirschner wires
[27]. Regardless of fixation strategy, the clinical outcome
and patient function after the procedure are predicated on
correct positioning of the fused joint. The recommended

coronal plane alignment for first MTPJ arthrodesis ranges
from 10° to 15° and is relatively easy to visualize intra-
operatively based on the alignment of the second toe [7, 11,
16]. Studies have shown that first metatarsophalangeal
dorsiflexion alignment in the sagittal plane, which is re-
ferred to as the fusion sagittal angle, should range from 20°
to 30°, which correlates with positioning the toe between
10° and 15° off the weightbearing axis [7, 8, 13, 14, 16, 17].
Bayomy et al. [2] demonstrated that a fusion sagittal angle
greater than 30° is associated with increased pressure on
the plantar surface of the first metatarsal head, and other
authors [18] showed that a fusion sagittal angle less than
20° impairs gait. Although surgeons may vary the fusion
sagittal angle based on the patient’s shoe wearing prefer-
ences, these biomechanical studies reveal the importance
of maintaining the fusion sagittal angle between 20°
and 30°.

However, accurate intraoperative measurement of the
fusion sagittal angle is challenging when attempting to in-
terpret fluoroscopic imaging (Fig. 2). In addition, the radi-
ation exposure secondary to fluoroscopy, although small,
confers a risk to the surgical team and patient during or-
thopaedic procedures [1, 3, 22]. When obtaining fluoro-
scopic intraoperative images, radiation exposure to the
surgeon’s hand is often required to maintain the provisional
position of the great toe beforefixation. It is important for the
surgeon to use a reliable and replicable technique that results
in proper joint alignment, regardless of foot size, to achieve
an ideal fusion sagittal angle when performing first MTPJ
arthrodesis. Regardless of whether the surgeon uses fluo-
roscopy for this procedure, it is also expeditious to accu-
rately position the sagittal alignment before definitive
fixation. At our institution, the senior author (REM) uses an
intraoperative technique that accurately positions the first
MTPJ in the sagittal plane. This technique uses an artificial
floor consisting of a rigid flat surface (often a metal tray or
box) that provides a stable reference point to position the
plantar surface of the foot. Although we believe this ap-
proach has been previously used [13, 28], to our knowledge
it has never been formally validated. It would be important to
knowwhether different observers can reproducibly measure
the fusion sagittal angle, and whether using this approach
results in well-positionedMTPJ arthrodeses. Given that foot
size may influence the measured angles in the operating
room with this approach, it is also important to ascertain
whether the artificial floor technique (AFT) results in accu-
rate fusion positions across a clinically relevant range of foot
sizes, such as might be represented in a series over a long
span of time by a high-volume subspecialist.

We therefore asked: (1) Is the AFT a valid and repeat-
able technique for positioning the fusion sagittal angle
between 20° and 30° of dorsiflexion from the first meta-
tarsal? (2) Does the fusion sagittal angle obtained using the
AFT vary with foot size?
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Patients and Methods

Study Design and Setting

This was a retrospective study that drew patients from the
practice of one high-volume foot and ankle subspecialist
(REM) who practices in an urban setting.

Patients

We performed a search using Current Procedural
Terminology codes for patients undergoing first MTPJ
arthrodesis by one surgeon (REM) between June 2012 and
June 2020. The surgical technique used during this time did
not vary. The surgeon used the AFT to determine the

position of theMTPJ during surgery for all procedures, and
the surgeon did not use fluoroscopy in any of these
procedures.

During the study period, 117 patients (135 feet) un-
derwent first MTPJ arthrodesis using the AFT for either
first MTPJ arthritis/hallux rigidus, hallux valgus, or in-
flammatory arthropathy. Of those, patients aged 18 years
and older, those with preoperative AP and lateral weight-
bearing radiographs, and those with AP and lateral
weightbearing radiographs at 3 months postoperatively
after the removal of the internal fixation construct (Fig. 3)
were considered eligible for analysis. Based on these cri-
teria, 84% (113 of 135) of feet were included in the final
radiographic analysis (Table 1). Sixteen percent (22 of 135)
of feet were excluded because postoperative radiographs
demonstrating the removal of the internal fixation construct

Fig. 1 A-B Preoperative weightbearing (A) AP and (B) lateral radiographs of a left foot
demonstrate hallux rigidus of the first MTPJ with subchondral sclerosis, marked loss of
articular cartilage, and dorsal osteophytes.

Fig. 2 A-C Intraoperative fluoroscopic sagittal images of patients undergoing first MTPJ arthrodesis illustrate the difficulty of
accurately interpreting and measuring the fusion sagittal angle. In (A) and (B), exposure of the surgeon’s hand is required to
maintain the position of the MTPJ arthrodesis for the fluoroscopic image. (C) This fluoroscopic image shows alignment was
maintained with fixation in place.

2004 Strony et al. Clinical Orthopaedics and Related Research®
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were missing from the Picture Archiving and
Communication System (PACS) in these procedures.
Twenty-five percent (28 of 113) of patients were male and
75% (85 of 113) were female, with a mean age of 656 8.8
years. There were 62 right feet and 51 left feet.
Postoperative radiographs were performed at a mean of 3.5
6 2.2 months after the index procedure. No patients were
lost to follow-up before obtaining these postoperative
radiographs.

Measurements

The fusion sagittal angles were measured on postoperative
lateral weightbearing radiographs, which were obtained
after successful fusion and removal of the fixation con-
struct. Two qualified reviewers (JTS, ASR) evaluated the
radiographs; they measured the fusion sagittal angle in-
dependently and on two separate occasions, 3 weeks apart.
There were four distinct measurements of the fusion sag-
ittal angle. The method of measuring the fusion sagittal
angle on postoperative radiographs was conducted using a
technique described by Nawoczenski et al. [21]. Finally, to
determine foot size, the lengths of the foot, proximal pha-
lanx, and first metatarsal were obtained on preoperative AP
and lateral weightbearing radiographs. The mean foot,
proximal phalanx, and first metatarsal lengths were
248.1 mm, 30.6 mm, and 65 mm, respectively.

Surgical Technique

The same surgical technique was used for first MTPJ ar-
throdesis in all procedures. After subperiosteal exposure
using a dorsomedial longitudinal incision, the surgeon re-
moved the remaining articular surfaces with a microsagittal
saw. Alignment of the first MTPJ was checked using the

AFT without fluoroscopy (Fig. 4). The rigid, flat, sterile
surface was brought into the operating field. The knee was
placed in slight flexion to allow the entire foot to be placed
flat on the artificial floor, simulating the weightbearing
position and allowing for an evaluation of the fusion sag-
ittal angle of the first MTPJ. The coronal plane’s alignment
was also verified. The target sagittal alignment was ach-
ieved when the soft tissue of the plantar surface at the
distal-most aspect of the proximal phalanx was measured
(using a sterile ruler) as 1 cm off the artificial floor. The
recommended fusion sagittal angle falls within a range of
10°, which allows for 1-mm to 2-mm variations in mea-
suring the elevation of the proximal phalanx off the artifi-
cial floor. In these patients, fixation was achieved with two
2.8-mm threaded, double-pointed Steinmann pins placed

Table 1. Patient characteristics and radiographic outcomes

Characteristic or outcome Value

Number of patients (number of feet) 100 (113)

Females 75 (85)

Fusion sagittal angle (combined) in °a 27 6 4

Fusion sagittal angle (reviewer 1) in °a 26 6 5

Fusion sagittal angle (reviewer 2) in °a 28 6 5

Difference between fusion sagittal
angle measurements (reviewer 1) in °

0.95 6 1

Difference between fusion sagittal
angle measurements (reviewer 2) in °

0.66 6 2

Whole foot length in mmb 248 6 21

Proximal phalanx length in mmb 31 6 4

First metatarsal length in mmb 65 6 7

Data presented as % (n) or mean 6 SD.
aMeasured on postoperative lateral weightbearing
radiographs.
bMeasured on preoperative AP and lateral weightbearing
radiographs.

Fig. 3 A-B Postoperative weightbearing (A) AP and (B) lateral radiographs of the right foot
of a 66-year-old woman taken 13 weeks after surgery demonstrate fusion across the first
MTPJ.
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through the intramedullary canal of the proximal and distal
phalanges and into the first metatarsal. Once fixation was
achieved, the fusion sagittal angle and coronal plane angle
were again confirmed with the AFT without using
fluoroscopy.

Ethical Approval

Ethical approval was obtained for the current study.

Statistical Analysis

Our primary study goal evaluated whether the AFT is a
valid and repeatable technique for positioning the fusion
sagittal angle between 20° and 30° of dorsiflexion from the
first metatarsal. To address this, two independent observers
(JTS, ASR) each measured the fusion sagittal angle as
previously described. The reported mean fusion sagittal
angles and SDs were calculated and a pairwise comparison
was performed between each reviewer’s sets of measure-
ments. Intraobserver and interobserver reliabilities be-
tween the two reviewers were ascertained using intraclass
correlation coefficients (ICCs). We chose a two-way
random-effects model, where both people-effects and
measures-effects are random with absolute agreement. Our
secondary research goal evaluated whether the fusion
sagittal angle obtained using the AFT varies with foot size.
To address this, we used a multiple linear regression model
to determine whether the lengths of the foot, first meta-
tarsal, and proximal phalanx significantly affected the

fusion sagittal angle. A by-sex analysis was deferred in this
study because bone size, and therefore foot size, is de-
termined by the size of the patient, not the sex of the patient
[15]. For all analyses, bilateral cases were included because
all procedures were performed as separate operations (that
is, there are zero bilateral cases in this dataset) at least
3 months apart from each other, and the fusion sagittal
angles that resulted from each procedure were measured
independently of each other on two separate occasions by
two separate individuals (JTS, ASR). For all tests, signif-
icance was defined as p < 0.05 (IBM SPSS, IBM Corp).

Results

Is the AFT a Valid and Repeatable Technique for
Positioning the Fusion Sagittal Angle Between 20° and 30°
of Dorsiflexion During First MTPJ Arthrodesis?

The AFT accurately and reproducibly positions the first
MTPJ between 20° and 30°. The mean fusion sagittal angle
using the AFT for the entire cohort was 27°6 4° (Table 1).
The mean fusion sagittal angle for reviewer one (JTS) was
26°6 5° with a mean difference of 0.95° (95% confidence
interval [CI] 0.70 to 1.21; p < 0.001) between the pair of
measurements. The mean fusion sagittal angle for reviewer
two (ASR) was 28° 6 5° with a mean difference of 0.66°
(95% CI 0.28 to 1.03; p = 0.001) between the pair of
measurements. The interobserver ICC of the fusion sagittal
angle measurements was 0.92 (95% CI 0.56 to 0.97; p <
0.001) (Table 2). The intraobserver ICC for reviewer one
(JTS) was 0.95 (95% CI 0.92 to 0.97; p < 0.001) and the
intraobserver ICC for reviewer two (ASR) was 0.97 (95%
CI 0.88 to 0.98; p < 0.001). Ninety-one percent (103 of
113) of the study group fell within the acceptable range of
20° to 30° 6 2°. All fusions achieved union.

Does Fusion Sagittal Angle Obtained Using the AFT Vary
with Foot Size?

The fusion sagittal angle obtained using the AFT does not
vary with foot size. Our multiple linear regression analysis
(Table 3) demonstrated that the preoperative lengths of the
whole foot (b = -0.05 [95% CI -0.12 to 0.02]; p = 0.16),
proximal phalanx (b = -0.13 [95% CI -0.46 to 0.20]; p =

Fig. 4 The artificial floor technique is shown in this photo-
graph. Before fixation, the plantar surface of the foot is placed
flat against the artificial floor and the first MTPJ is dorsiflexed
until the plantar surface of the proximal phalanx is approxi-
mately 1 cm off the artificial floor.

Table 2. Inter- and intraobserver reliabilities

Outcome Value (95% CI) p value

Interobserver ICC 0.92 (0.56-0.97) < 0.001

Intraobserver ICC, reviewer 1 0.95 (0.92-0.97) < 0.001

Intraobserver ICC, reviewer 2 0.97 (0.88-0.98) < 0.001

2006 Strony et al. Clinical Orthopaedics and Related Research®
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0.44), and first metatarsal (b = 0.13 [95% CI -0.10 to 0.35];
p = 0.27) were not independently associated with the
postoperative fusion sagittal angle.

Discussion

Arthrodesis of the firstMTPJ is a common procedure with a
broad set of indications. Regardless of which surgical
technique is used, it is important to obtain dorsiflexion of
the first MTPJ in the sagittal plane between 20° and 30°,
which corresponds to 10° to 15° of dorsiflexion off the
weightbearing axis [7, 8, 13, 14, 16, 17]. An angle greater
than 30° has been associated with increased pressure on the
metatarsal head [2] and a fusion sagittal angle less than 20°
impairs gait, causing excessive external rotation during
toe-off [18]. However, achieving appropriate sagittal
alignment intraoperatively is challenging. The AFT has
been previously described and is commonly used, but it has
never been validated in a large cohort of patients un-
dergoing first MTPJ arthrodesis.

Limitations

There are several limitations to the current study. First, this
study did not have a comparison group. The AFT was not
compared with other techniques for achieving the fusion
sagittal angle because we had the advantage of measuring
the actual fusion sagittal angle on postoperative radio-
graphs. Our results revealed that the fusion sagittal angles
were replicable and within the ideal range of 20° to 30°.
Second, the study did not attempt to correlate radiographic
outcomes with clinical patient-reported outcomes. The
intent was only to validate the AFT for achieving a fusion
sagittal angle of between 20° and 30°, without the use of
intraoperative fluoroscopy. Third, subjectivity exists when
assessing the height of the proximal phalanx off the surface
of the artificial floor intraoperatively. Although the soft

tissue of the plantar surface at the distal-most aspect of the
proximal phalanx should measure 1 cm off the artificial
floor, in practice, deviations of 1-mm to 2-mm when
measuring this elevation are acceptable because the rec-
ommended fusion sagittal angle falls within 10°. Fourth,
the two independent physician reviewers who conducted
the measurements on postoperative radiographs were not
fellowship-trained foot and ankle orthopaedic surgeons.
Nonetheless, the measurement of the fusion sagittal angle
was conducted using established methods [21] that ach-
ieved excellent interobserver and intraobserver reliability.
Fifth, a by-sex analysis was not conducted because bone
size, and therefore foot size, is determined by patient size,
not patient sex. An anatomical study of age- and height-
matched male and female distal femora demonstrated
considerable variability between male and female speci-
mens and a high amount of overlap between sexes [15]. In
addition, our regression analysis demonstrated that the size
of the foot and the size of the first ray did not correlate with
the fusion sagittal angle.

Discussion of Key Findings

Our study confirms that the AFT achieves sagittal plane
alignment of the first MTPJ within the acceptable range of
20° to 30° without the use of costly implants or fluoros-
copy. The mean fusion sagittal angle, as determined by two
independent reviewers, was 27°. Further, the interobserver
reliability ICC between the reviewers was 0.92 (95% CI
0.56 to 0.97]; p < 0.001) and the intraobserver ICC for each
reviewer was 0.95 (95% CI 0.92 to 0.97; p < 0.001) and
0.97 (95% CI 0.88 to 0.98; p < 0.001). These indicate
excellent interobserver and intraobserver reliabilities [23].
In addition, we found that 91% (103 of 113) of our patients
treated using the AFT healed their fusions with sagittal
angles within the range of 20° to 30° 6 2°. Finally, the
fusion sagittal angle using the AFT was not affected by the
size of the patient’s foot.

The results of our study are similar to other previously
published studies. A technique similar to the AFT was
described [13] for first MTPJ arthrodesis using a low-
profile contoured titanium plate. The fusion sagittal angle
in this study ranged between 20° and 25°. However, their
cohort only included 12 patients. Womack and Ishikawa
[28] also used a rigid surface to determine alignment in first
MTPJ arthrodesis but failed to validate the results radio-
graphically. Using radiographic measurements in 113 first
MTPJ arthrodeses, our study demonstrated that the AFT
is a reliable and valid technique for determining proper
sagittal alignment and that it is not affected by foot size.
Regardless of whether intraoperative fluoroscopy is used, it
is expeditious to use a validated technique to determine the
sagittal angle before fixation. The AFT is an effective

Table 3. Results from a multiple regression model assessing
the effect of whole foot, proximal phalanx, and first metatarsal
length on the fusion sagittal angle

Parameter
Correlation coefficient b (95%

CI) p value

Intercept 35 (26 to 45) < 0.001

Whole foota -0.05 (-0.12 to 0.02) 0.16

Proximal
phalanxa

-0.13 (-0.46 to 0.20) 0.44

First metatarsala 0.13 (-0.10 to 0.35) 0.27

aLengths measured on preoperative AP and lateral weight-
bearing radiographs.
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method for achieving the alignment within the desired
range of 20° to 30°. Additionally, this technique can be
performed without fluoroscopy and so avoids radiation
exposure to the patient and surgical team.

Although it uses inexpensive and readily available
equipment, the AFT produces sagittal alignment results
that are comparable to those of other studies using intra-
operative fluoroscopy or precontoured plates [16, 19]. A
retrospective study of 128 patients undergoing first MTPJ
arthrodesis with either a precontoured dorsal plate or a
noncontoured dorsal plate with intraoperative fluoroscopy
reported a mean fusion sagittal angle of 24.2° (range 6° to
43.7°) for the noncontoured plate group [19]. The pre-
contoured plate group had a mean fusion sagittal angle of
26° (range 14.3° to 46.1°). Goucher and Coughlin [16]
conducted a prospective study of 50 patients (54 feet) un-
dergoing first MTPJ arthrodesis using intraoperative fluo-
roscopy. In all 54 feet, final fixation was achieved using a
dorsal titanium plate with preset valgus of 10° and dorsi-
flexion of 10°. The authors reported a mean fusion sagittal
angle of 24°. As these results are comparable to our own,
the AFT may eliminate the need for costly and bulky pre-
contoured surgical implants and can be utilized regardless
of fixation construct. Although our study validated the
technique using a large cohort of patients by a single sur-
geon, future studies should confirm the reliability and re-
producibility of the AFT when adopted by surgeons on a
larger scale.

Conclusion

The AFT allows for accurate and reproducible positioning
of the first MTPJ within the appropriate functional range of
dorsiflexion, regardless of foot size. Additionally, this
technique can be performed without fluoroscopy and so
avoids radiation exposure to the patient and the surgical
team.
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