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Abstract

Background: Arthrodesis of the first metatarsophalangeal joint is an effective treatment of advanced hallux rigidus.
Numerous options have been described for performing this intervention. The aim of this study was to evaluate the
outcomes following a consistent surgical technique of joint preparation with hand tools and fixation with 2 crossed screws
and a dorsal compression plate.

Methods: Thirteen patients (16 feet) who underwent primary isolated arthrodesis of the first metatarsophalangeal joint
between March 2019 and June 2021 were available for clinical, radiologic, and pedobarographic evaluation at a minimum
of 12months after surgery. American Orthopaedic Foot & Ankle Society scores, numerical pain rating scale, the radiologic
hallux valgus and intermetatarsal |-2 angles as well as the distribution of plantar pressure during gait were compared
between the pre- and postoperative conditions.

Results: After an average follow-up period of 26 months, union was achieved in all cases and the mean AOFAS score
raised significantly by 39 points. All the patients were satisfied with the result. Only | patient complained of mild residual
pain at walk. Hardware removal was performed in 2 cases. The mean hallux valgus angle dropped from 12.3 to 6.3 degrees.
The mean postoperative dorsiflexion angle was 21.6 degrees. After the procedure, peak pressure was significantly higher
beneath the first metatarsal head and heel, whereas pressure-time integral was significantly lower beneath the hallux and
medial lesser toes.

Conclusion: Arthrodesis of the first metatarsophalangeal joint with 2 crossed screws and a dorsal compression plate
is a safe and effective treatment of advanced hallux rigidus. This procedure provides adequate pain relief and functional
improvement of gait.

Level of Evidence: Level |V, therapeutic, retrospective case series.
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Table |. Patient Demographics.

Case Age Gender Side History

| 51 Female Right

2 41 Female Right

3 45 Female Right

4 Left

5 53 Male Right

6 72 Male Right

7 48 Male Right

8 Left

9 38 Male Left Hallux PI fracture

10 67 Female Right Parkinson, left first MTP joint arthrodesis
I 65 Male Left

12 50 Female Right

13 57 Male Right Bilateral tibial osteotomy

14 Left

I5 63 Male Right Bilateral total knee replacement
16 65 Female Left Right first MTP joint arthrodesis

Abbreviation: MTP, metatarsophalangeal; P1, proximal phalanx.

various surgical techniques to achieve first MTP fus
ion.®10.17.18.20.23.38.47.50 Options essentially concern the surgi-
cal approach, joint preparation, and the fixation method.
Controversy remains on the optimal strategy to provide the
best possible outcomes. According to the general consensus,
a stable fixation in proper alignment is of paramount impor-
tance. Practically, the choice of the appropriate surgical
method depends mainly on the surgeon’s individual experi-
ence and the availability of material and instrumentation.

The aim of this study was to assess the outcomes follow-
ing isolated first MTP joint arthrodesis when the prepara-
tion of the surfaces is performed with hand tools and the
fixation is achieved with 2 crossed screws and a dorsal
compression plate. In addition, we measured the effect of
the procedure on the distribution of load over the sole of the
foot during gait by means of dynamic pedobarography.

Patients and Methods

Patients

We reviewed our medical database to identify all the patients
who underwent primary arthrodesis of the first MTP joint at
our institution. Between March 2019 and June 2021, 35 such
procedures were performed by the senior author, always
using the same surgical technique and fixation material. All
patients underwent clinical, radiologic, and pedobarographic
evaluation prior to the surgery. The operative indication was
intractable pain and severe stiffness (mobility of less than 30
degrees) of the first MTP joint associated with radiologic
evidence of severe MTP osteoarthritis (grade 3 or 4 accord-
ing to the Coughlin and Shurnas’s classification of hallux
rigidus)."? Concomitant foot pathologies were treated simul-
taneously with additional procedures at the time of surgery

in 12 cases, which were excluded from the study. Three
patients were lost to follow-up and 1 patient moved abroad.
One patient was excluded because of recent ipsilateral tibial
osteotomy at the time of follow-up. Thus, 13 patients (16
feet) were available for clinical, radiologic, and pedobaro-
graphic assessment at a minimum of 12months after sur-
gery. The procedure was performed simultaneously on both
sides in 3 patients. The mean age at the time of surgery was
54.9 (range, 38-72) years. No patient had prior ipsilateral
foot surgery. Participants gave written informed consent,
and institutional review board approval was obtained accord-
ing to the Declaration of Helsinki (Cantonal Commission for
Ethics in Research on Human Beings: CER-VD, BASEC
ref. no. 2023-00286). Patient demographics are listed in
Table 1.

Surgical Technique

The patients were operated in the supine position under
general or spinal anesthesia. Antibiotic prophylaxis was
administered prior to the exsanguination of the limb and a
tourniquet was applied to the thigh. A 5-cm medial longitu-
dinal incision was centered over the first MTP joint, and a
medial longitudinal capsulotomy was performed in line
with the skin incision. Subperiosteal dissection was carried
out to allow complete exposure of the metatarsal head and
base of the proximal phalanx, preserving the plantar attach-
ment of the capsule. Osteophytes were resected and the
joint surfaces were carefully prepared by hand, using bone
chisel, curette, and rongeur. Preparation was achieved deep
to the subchondral zone. Multiple 1.5- or 1.8-mm drills
were then made through both surfaces to enhance vitality at
the site of fusion. The position of fixation in the sagittal
plane was assessed clinically, simulating the loadbearing
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condition with a flat plate applied on the plantar aspect of
the foot. The transverse position of the hallux in slight val-
gus was adapted in relation to the second toe. The first
metatarsal and the proximal phalanx of the hallux were
fixed using 2 crossed 2.7-mm screws (CompactFoot,
Johnson & Johnson, New Brunswick, NJ). The osteosyn-
thesis was stabilized with a manually contoured 2.4-mm 4-
or 6-hole titanium plate (CompactFoot) fixed dorsally in
compression mode. Proper positioning of arthrodesis and
material was confirmed with fluoroscopy. The medial pro-
tuberance of the first metatarsal head was resected using a
powered saw. Capsule closure and subcutaneous adaptation
were obtained with single monofilament stitches. The skin
was closed with a continuous suture and an elastic bandage
was applied. From the first postoperative day, patients were
allowed to walk with protected full weightbearing, using a
stiff sole shoe (Darco, Huntington, WV) for 6 weeks.

Clinical Evaluation

All patients underwent a detailed interview and physical
examination of the foot before and after the surgery. Routine
follow-up visits were planned approximately 6weeks,
3months, and 1 year after the operation to assess the func-
tional recovery and detect any potential complication
related to the procedure. To quantify the clinical outcome,
we used the American Orthopaedic Foot & Ankle Society
hallux metatarsal-interphalangeal (AOFAS-HMI) score.?’
As arthrodesis suppresses motion of the MTP joint, the
maximum score was 90 points. Pain intensity was also
reported on a numeric rating scale (NRS) from 0 (no pain)
to 10 (worst pain ever experienced).*® In addition, patients
were asked to express their overall level of satisfaction
(excellent, good, fair, or poor) and to score their apprecia-
tion of the aesthetic result, from 0 to 10 (10 describing a
“perfectly normal appearance of the foot”).

Radiologic Evaluation

Anteroposterior and lateral weightbearing radiographs of
the foot were routinely taken prior to surgery, at the first
postoperative day and at 6 weeks and 12 months after sur-
gery. Hallux valgus angle (HVA) and intermetatarsal 1-2
angle (IMA) were measured on the most recent preopera-
tive and final postoperative radiographs.'> Radiologic union
was defined by the presence of at least 3 cortices bridging
the focus of arthrodesis, and by the evidence of crossing
trabeculae on both views. The dorsiflexion angle (DFA)
was measured as described by Coughlin on the lateral radio-
graph at final follow-up.!!

Pedobarographic Evaluation

Dynamic pedobarographic exams were performed prior to
surgery and at final follow-up, using the Wintrack system

(Medicapteurs, Balma, France). This device consists of a
652 X 1610-mm walking platform that includes 12 288
resistive sensors. The data collected from the platform with
a sampling rate of up to 200Hz are processed by the
Wintrack software to record podometric and space-time
parameters of gait. Patients were asked to walk barefoot
over the platform at a self-selected speed. The 2-step
method was applied as described by Bryant et al.” At least 3
trials were done per exam to ensure a reproducible sequence
of 3 recorded steps for each trial.** To assess the distribution
of the plantar pressure during gait, the numeric footprint
was divided into 12 regions of interest, following the lines
of Bessou.”! For each zone, peak pressure (PP) and pres-
sure-time integral (PTI)* were compared between the pre-
and postoperative states.

Statistical Analysis

A priori power analysis based on the mean values and stan-
dard deviations of the AOFAS-HMI scores reported in pre-
vious studies>®%1920.25 was performed using G*Power
software (version 3.1.9.6), aiming for a power of 80% and
level of significance of 5%. Pre- and postoperative values
of continuous variables were tested for normal distribution.
Accordingly, the Wilcoxon signed rank test was used for
statistical analysis of the pre- and postoperative AOFAS-
HMI and pain NRS scores, whereas HVA values were ana-
lyzed using a unilateral Welch test and IMA values with a
Student paired 7 test.

Similarly, the normally distributed pedobarographic
parameters were analyzed using a Student paired ¢ test,
whereas the Wilcoxon rank sum test was used for nonnor-
mally distributed data. Finally, Spearman and Pearson coef-
ficients were calculated between various parameters to seek
for correlations.

Results

Clinical Results

After an average follow-up period of 26 (range, 12-35)
months, the mean AOFAS-HMI score increased signifi-
cantly from 47.5*=13.8 (range, 28-65) points preopera-
tively to 86.5+ 6.7 (range, 65-90) points postoperatively
(P<.001), and the mean pain NRS score decreased from
6.73 £1.62 (range, 5-10) preoperatively to 0.41 *1.64
(range, 0-4) postoperatively (P<<.001) (Table 2). All
patients reported complete pain relief at rest. Only 1 patient
complained of mild residual pain during walking. This
patient underwent simultaneous bilateral surgery and had
former bilateral tibial osteotomy. Complications were met
in 3 cases. One patient had a postoperative wound dehis-
cence that underwent uneventful secondary healing. Two
patients complained of disturbance from hardware that
required removal 12 and 14months after the primary
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Table 2. Clinical Scores.

AOFAS Score Pain NRS Score
Follow-up,

Case mo Preoperative Follow-up Preoperative Follow-up
I 35 60 87 5.5 0
2 35 39 90 7.7 0
3 33 62 85 5 0
4 33 62 85 5 0
5 33 65 90 7 0
6 28 60 90 5 0
7 28 47 90 5 0
8 28 47 90 5 0
9 28 47 90 8.5 0
10 27 34 85 7 0
I 26 62 90 8 0
12 20 25 90 10 0
13 20 28 65 8 4
14 20 34 77 8 2.5
15 15 33 90 8 0
16 12 55 90 5 0
Mean 26 47.5 86.5 6.7 0.4
P <.001 <.001

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society; NRS, numeric rating scale.

procedure, respectively. One of these 2 patients developed a
dorsal hyperkeratosis that was treated with surgical exci-
sion at the time of material withdrawal. At the time of final
follow-up, all the patients were satisfied and would undergo
the procedure again. Twelve patients reported on excellent
result and 1 patient described a good result. The mean sub-
jective aesthetic rating score of the operated foot was 8.8
(range, 5-10).

Radiologic Results

Fusion was achieved in all cases at final follow-up (Figure 1).
The mean dorsiflexion angle was 21.6 = 2.7 (range, 15.9-26.9)
degrees. The mean HVA dropped significantly from 12.3 =5.6
(range, 2.9-20.7) degrees preoperatively to 6.3 =3.0 (range,
1.2-12.8) degrees postoperatively (P<<.001). HVA was cor-
rected after the procedure in all the 6 cases with preoperative
HVA higher than 15 degrees. We also observed a nonsignifi-
cant reduction of the mean IMA (Table 3).

Pedobarographic Results

After the procedure, PP was significantly higher under the
head of the first metatarsal (P=.013) and heel (from medial
to lateral: P=.008, .015, and .014, respectively), as shown
in Figure 2. PTI was significantly lower under the hallux
(P=.002) and medial lesser toes (P=.012). There was a
negative correlation between DFA and PTI over the lateral
side of the heel (r=-0.68, P=.004).

Discussion

In this study, we observed successful outcomes of first-
MTP joint arthrodesis in terms of functional improvement
and pain relief, as shown by the significant shift of the mean
AOFAS-HMI and pain NRS scores. Clinical and radiologic
union was achieved in all cases without major complica-
tion. However, reoperation was required in 2 patients
because of symptomatic prominence of hardware. The
operative risk and cost involved in this additional procedure
should not be ignored.

Preparation, alignment, and stability are technical fac-
tors that may impact the outcomes following arthrodesis of
the first MTP joint.*? In this respect, our surgical technique
is supported by previous clinical and experimental evi-
dence. Adequate joint preparation must preserve vitality
and limit shortening. Powered reamers are widely used to
perform the preparation of the surfaces.?! Instead, the use of
curettes and rongeurs may improve the union rate.>* We
assume that this avoids unnecessary bone heating and addi-
tional damage to the soft tissues. According to Prat et al,*°
in situ preparation of the articular surfaces causes less short-
ening of the first ray when compared to flat cuts performed
with a powered saw.

The position of fusion is a major issue during surgery.
Persistent postoperative hallux valgus deformity carries a
higher risk of nonunion.® Pronation must be avoided.
Excessive or insufficient dorsiflexion can lead to footwear
problems. In their series including 153 patients, Weber
et al* found that higher DFAs were associated with a higher
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Figure |. (A) Anteroposterior and (B) lateral weightbearing radiographs 12 months after the procedure in a 65-year-old patient.
Table 3. Radiographic Angles (Degrees).*

HVA IMA
Case Preoperative Postoperative Preoperative Postoperative Final DFA
| 9.9 9.0 8.9 7.5 24.0
2 19.4 10 8.8 6.5 19.7
3 NA 5.5 NA 74 24.6
4 NA 3.1 NA 74 22.5
5 20.7 9.9 8.7 10.1 242
6 15.5 4.1 85 82 21.1
7 9.3 6.7 9.9 9.4 20.5
8 5.9 34 5.8 7.3 19.5
9 29 32 6.2 3.6 15.9
10 9.0 1.2 10.1 77 20.6
I 17.3 12.8 10.6 12.4 20.5
12 17.8 5.5 10.6 9.5 26.9
13 12.3 7.8 9.7 9.9 245
14 84 5.1 9.5 1.6 204
15 7.1 7.1 1.7 10.4 20.0
16 16.9 6.4 12.4 10.9 20.0
Mean 12.3 6.3 9.4 8.7 21.6

Abbreviations: DFA, dorsiflexion angle; HVA, Hallux valgus angle; IMA, intermetatarsal angle.

2P<.001.

fusion rate. Coughlin et al'! reported on increased preva-
lence of interphalangeal arthritis with a DFA of less than 20
degrees. Yet no association was found between the sagittal
position of fusion and the clinical outcomes in other studies
that addressed this question."?%3647 Nor was it the case in
our study. By contrast, a relationship between DFA and dis-
tribution of plantar load during gait is suggested by 2 stud-
ies. Using a cadaveric model, Bayomy et al® found that PP
and PTI under the hallux and first metatarsal head were
minimized with fixed DFA of 24.7 and 21.3 degrees respec-
tively. In a cross-sectional study of 15 patients with fused
first MTP joint, Alentorn-Geli et al?> found a positive corre-
lation between DFA and mean dynamic plantar pressure

under the first metatarsal head. A more recent investigation
found no association between the radiologic position of
fusion and the plantar pressure under the hallux.3* The posi-
tion of dorsiflexion generally recommended in the literature
ranges from 10 to 30 degrees.!!7263¢ To determine the
position of fusion in the sagittal plane during the procedure,
we apply the widely reported and reproductible method of
simulating the contact with the floor with the application of
a flat surface against the sole of the foot.*

The hardware and method of fixation may affect the
fusion rate following first MTP joint arthrodesis.” There is
strong evidence in favor of using a plate and screws to per-
form the procedure. Dorsal plating with compression screws
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Figure 2. Comparison of (A) peak pressure and (B) pressure-time integral between the pre- and postoperative conditions for the 12

plantar zones of interest. Significant differences are indicated with *. (C) Location of the |12 zones of interest over the footprint.

is currently acknowledged as the most stable method of
fixation.* According to a recent systematic review, plating
techniques yield better overall results in terms of functional
outcome and complication rate, although techniques with
staples may achieve higher union rates.?® Nonunion is not
necessarily determinant of poor outcome, as several authors
reported on variable rates of asymptomatic non-
unions.®!”3%4! Surgeons placing dorsal plates should con-
sider that the type of plate and its relative position in the
longitudinal axis of the dorsal side may affect the final
DF A.16’33

The effect of first MTP fusion on the distribution of load
over the foot during gait remains controversial. Previous
investigations with dynamic pedobarography acknowl-
edged that first MTP arthrodesis provides some restoration
of the loadbearing role of the first ray during gait.®!142448
However, this statement was challenged by Stevens et al.**
In their study comparing patients with first MTP arthrodesis
to healthy controls, they found higher PP beneath the lesser
toes and lateral metatarsal heads in the arthrodesis group,

whereas PTI was lower beneath the hallux and higher
beneath the fourth metatarsal head.** They concluded to a
load transfer from the first ray toward the lesser metatarsals.
To our knowledge, our study was the first to compare the
distribution of plantar pressure over the entire foot between
the pre- and postoperative states in patients who underwent
first MTP arthrodesis. Indeed, we found reduced cumula-
tive load under the hallux during gait when the first MTP
joint is fused. But concurrently after the procedure, the area
of the first metatarsal head reached significantly higher val-
ues of pressure. This indicates an improved loadbearing
capacity of the first ray in our patients.

The main limitations of our study are inherent to its ret-
rospective nature and small sample size. However, our
restrictive exclusion criterion allowed to evaluate the
arthrodesis in isolation. Most clinical studies include sev-
eral indications, patients with additional pathologies of
lesser rays, and different methods of fixation. In our study,
all patients were operated by the same surgeon with the
same procedure. The AOFAS-HMI score may not be the
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optimal tool to measure the clinical outcome in patients
with first MTP fusion; nevertheless, it has remained widely
used in clinical studies until recent years, allowing a priori
power analysis.3681519.2023,25-2736.4248 51

In conclusion, we found that first MTP joint arthrodesis
performed with in situ preparation of the joint and fixation
with 2 crossed screws and a dorsal compression plate is a
safe and effective procedure for patients with severe hallux
rigidus. However, the possible need for subsequent hard-
ware removal must be considered with this technique. First
MTP fusion may improve the loadbearing function of the
first ray during gait in patients with severe hallux rigidus.
Further prospective clinical investigations should use vali-
dated measurement tools to assess the functional outcome
in patients undergoing first MTP joint arthrodesis.
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