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Abstract

Background: Little is known about the rate and reasons for revision after
primary Metatarsophalangeal (MTP1) arthrodesis with the latest implants.
While it is commonly assumed that nonunion accounts for most reopera-
tions, we hypothesized that malposition is the leading cause of revision. The
aim of this study was to determine the rate and reasons for revision after
MTP1 arthrodesis using cup- and cone-reamers and the latest locking plate
technology. Method: Between 2015 and 2017, 120 consecutive MTP1 fusions
in 114 patients were performed with a low profile, pre-contoured titanium
dorsal locking plate and a plantar metatarsophalangeal screw. The rate and
reasons for revision within a minimum one-year follow-up period (average 16
months [12 - 26]) after index procedures were documented and analyzed. The
revision was defined as any reoperation following the index procedure ex-
cluding hardware removal. Results: Seventeen of 120 feet (14%) underwent
revision. Four patients developed a nonunion (3.3%) and needed revision,
and 11 feet (9%) required revision for painful malposition; insufficient exten-
sion and excessive valgus accounted for the majority. Two patients required
medial sesamoidectomy. No infection or wound healing problems occurred.
Twelve patients requested hardware removal. Conclusions: Nonunion revision
rate after MTP1 fusion with the latest locking plate technology is low. The
leading cause of revision is malposition followed by nonunion. Excessive val-
gus and insufficient extension account for most symptomatic malposition. A
recommendation of 0 - 10 degrees of valgus in the horizontal plane may con-
tribute to diminishing revision rates; no conclusions could be drawn regard-
ing an optimal position in the sagittal plane.
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1. Introduction

First Metatarsophalangeal (MTP1) joint arthrodesis is a commonly performed
procedure for the treatment of hallux rigidus, severe and recurrent bunion de-
formities, rheumatoid arthritis, and other less common disorders of the MTP1
joint. Results have shown good outcomes with high patient satisfaction [1].

A variety of fixation techniques and implants have been described over the
past decades, including Kirschner wires, memory staples, one or two metatarso-
phalangeal screws in a crossed or parallel manner, as well as a variety of plates.
All these methods aim to achieve a stable fixation to maintain the desired posi-
tion of fusion and allow for uneventful bone healing. Of the different fixation
methods, the use of a dorsal locking plate with a plantar metatarsophalangeal
screw has been shown to be biomechanically superior, [2] [3] [4] and is currently
the most commonly used fixation technique. Current data suggests that this type
of fixation has reduced the nonunion rate from 10% - 20% to 2% - 14% [1] [3]
(5] [6].

With decreasing nonunion rates, the importance of the position of fusion for
patient satisfaction becomes clearer [7]. Thus, efforts have been made to develop
means to improve the precision of intraoperative positioning. Cup- and cone-
reamers for dome-shaped joint preparation allow for meticulous positioning without
excessive loss of metatarsal length. The previously used preparation technique
with flat cuts leads to loss of length if re-cutting is necessary to change position
and is therefore increasingly abandoned. Furthermore, superior stability and a
larger contact area of dome-shaped joint preparation have been demonstrated in
biomechanical studies [4].

To facilitate perfect positioning the latest generation of dorsal plates are pre-con-
toured and provide variable degrees of dorsiflexion and valgus. The pre-bent plate
serves as a template for arthrodesis positioning [6]. These plates are low profile
while still providing high stability, thus reducing soft tissue problems due to
prominent hardware.

Although it is assumed that the need for reoperation after MTP1 fusion with
current implants and preparation techniques is infrequent, little is known about
the rate and the reasons for the revision. It is commonly presumed that non-
union accounts for most revisions [8]. Other perceived reasons are wound heal-
ing issues due to prominent hardware, malposition, degeneration of the sesa-
moid complex, and infection. We hypothesized that malposition is the leading
cause of reoperation.

The purpose of this study was to determine the rate and reasons for reopera-
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tion after MTP1 fusion using the latest generation plate and a plantar metatar-

sophalangeal screw.

2. Materials and Methods

Between 2015 and 2017, 120 consecutive MTP1 fusions in 114 patients were in-
cluded at Centre Assal, Clinique La Colline, Hirslanden, in this retrospective
study. Fusion was performed with a low profile, precontoured, titanium dorsal
locking plate (APTUS® Foot MTP Fusion plate, MEDARTIS®, Basel, Switzer-
land) providing for a dorsiflexion angle of 0, 5, or 10 degrees, as well as 10 de-
grees of valgus. A plantar metatarsophalangeal screw was additionally used. In-
clusion criteria were: 1) patients of at least 18 years of age at the time of surgery;
2) diagnosed with hallux rigidus, hallux valgo-rigidus and inflammatory arthri-
tis; 3) primary MTP1 fusion with APTUS® MTP1 fusion plate performed from
01.01.2015 - 30.04.2017; 4) surgical procedures performed by the study senior
surgeons (MA and LD). While exclusion criteria were: 1) any patient under the
age of 18 at the time of surgery; 2) any patient not operated on with APTUS®
MTP1 fusion plate; 3) patients operated on before 01.01.2015 or after 30.04.2017,
or 4) patients not operated by the two senior surgeons (MA and LD).

Basic patient demographic characteristics including age, sex and operated side
were recorded, as well as indication for the index surgery (Table 1). Preoperative
weight bearing radiographs were performed to confirm MTP1 joint degenera-
tion and/or severe hallux valgus, the latter defined as an intermetatarsal angle
(IMA = angle between the first and second metatarsal longitudinal axis in the
horizontal plane) greater than 20 degrees or Hallux Valgus Angle (HVA) greater
than 35 degrees.

Radiologic assessment was performed by two orthopaedic surgeons not in-
volved in the surgery. Postoperative weight bearing radiographs were performed
at six weeks and three months, as well as six and twelve months if union was not
achieved earlier. Any radiographic findings such as loosening of the implant,
hardware failure, sclerosis and lack of consolidation were noted. Suspected non-
union at nine to twelve months was confirmed by Computed Tomography (CT
scan). The position of the MTP1 arthrodesis was assessed on weight bearing ra-
diographs at six months. The dorsal extension of the proximal phalanx in the sa-

gittal plane was measured in reference to the floor. The postoperative HVA

Table 1. Patient demographics.

Not reoperated (N = 91) Reoperated (N = 29)
Mean + SD Mean + SD
Age (years) 62+ 10 61 £11
N (%) N (%)
Sex (female) 82 (90%) 24 (83%)
Indication (HVR) 76 (83%) 18 (62%)
Side (right) 87 (51%) 16 (55%)
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and IMA were measured.

Radiographic malposition of the MTP1 fusion was defined as follows: in the
horizontal plane any varus, or more than 15 degrees of valgus; in the sagittal
plane an angulation of the proximal phalanx in reference to the floor less than 5
or greater than 15 degrees of extension in feet without sagittal translation of the
metatarsal head (elevatus). In feet presenting with metatarsus primus elevatus, 0
- 15 degrees of extension was accepted. Rotational positioning of the toe was not
measured on radiographs but estimated clinically.

Postoperative follow-up visits were routinely performed at one, three and six
weeks, and three, six and twelve months. The mean follow-up was 16 months
(range, 12 - 26). Twelve patients were last seen at six months postoperative. They
were asymptomatic with a radiographically and clinically healed MTP1 fusion
and did not return for their twelve-month follow-up visit. It can only be as-
sumed that they were doing well. Any complications such as delayed wound
healing, infection, hypertrophic scarring, postoperative stress fractures, non-
union or pain at the sesamoid complex were noted.

The position of the MTP1 fusion was evaluated clinically in the weight bearing
patient. Rotation of the toe (pronation/supination) was noted using the coronal
plane of the nail in reference to the floor. Symptoms of malposition were docu-
mented, and included pain under MTPI1, pain under the condyles of the first
phalanx, pain on the apex of the first toe, pain over the Interphalangeal (IP)
joint, nail dystrophy, recruitment of the flexor apparatus, and painful contact of
the first and second toes. Malposition was defined as any position sufficiently
symptomatic according to the above to necessitate surgical repositioning. All
reoperations that were performed during the follow-up period were recorded.
Revision was defined as any reoperation following the index procedure exclud-

ing hardware removal.

2.1. Operative Technique

Patients were placed supine with an ankle tourniquet inflated to 230 mmHg. A
longitudinal dorsomedial incision was made to approach the MTP1 joint. The
extensor hallucis longus was carefully retracted laterally in its sheath. The joint
was exposed and a 1.6 mm Kirschner wire was drilled into the shaft along the
axis of the first metatarsal from the center of the head. A cannulated cup-shaped
reamer (APTUS® Foot, MEDARTIS®, Basel, Switzerland) sized according to the
metatarsal head was used to ream to well-vascularized subchondral bone. The
proximal phalanx was prepared in the same fashion using the matching dome-
shaped reamer. After irrigation the surface of the articulation was further pre-
pared by drilling multiple holes with a 2.3 mm drill bit. Dorsal osteophytes were
meticulously removed with a small oscillating saw. According to patient foot
type, a plate with 0, 5, or 10 degrees of dorsiflexion was chosen and preliminarily
placed on the prepared MTP1 joint with Kirschner wires. This allowed use of the
bend of the plate for positioning the arthrodesis. The position was checked by
simulating weight bearing on a flat sterile teflon board, such that with the foot
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flat on the board the tip of the toe had to have light contact with it (Figure 1(a)).
Performing a heel lift of 3 cm off the board should not cause extension of the IP
joint (Figure 1(b)). Once the desired position was achieved, the plate was fixed
using six locking screws, three distal and three proximal (Figure 2). Finally, an
independent 2.5 mm metatarsophalangeal screw was placed on the plantar as-
pect of the joint from proximal-medial to distal-lateral in order to enhance sta-
bility. Final control of the position was performed using simulated weight bear-
ing as mentioned above, as well as fluoroscopy. Following wound closure a soft
compressive sterile dressing was applied.

Figure 1. Intraoperative testing of the correct position of the first MTP1 joint fusion by
simulating weight bearing on a flat board: (a) The tip of the toe had to touch the board
lightly. (b) Performing a heel lift of three centimeters should not cause extension of the
interphalangeal joint.

Figure 2. Fusion of the first MTP1 joint with a low profile, pre-contoured, titanium dor-
sal locking plate of the latest generation. In addition to the material visible on this figure,
a plantar metatarsophalangeal screw was placed to enhance stability.
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Patients were allowed to be weight bearing as tolerated with a stiff-soled med-

ical shoe for six weeks.

2.2. Statistical Methods

Exploratory data analysis was performed by means of scatterplot graphs.

3. Results

Seventeen of 120 feet (14%) had to undergo revision. Of all patients, four suf-
fered from a symptomatic nonunion (3.3%) and were treated by revision sur-
gery. No asymptomatic nonunions occurred. Of these four patients, three were
initially operated upon for hallux valgo-rigidus, and one for hallux rigidus. One
patient had undergone a one-stage bilateral fusion.

Eleven of 120 feet (9%) underwent revision for malposition (Table 2). Malpo-
sition in the sagittal plane with insufficient extension accounted for four of the
11 malposition cases and was treated by a dorsiflexion, closing wedge osteotomy
at the fusion site. Radiographically, dorsal extension of the MTP1 fusion in these
four patients revealed a mean of 4.3 degrees (range, 0 - 8.5). In the 120 index pa-
tients, the postoperative mean dorsal extension was of 4.6 degrees (range, 0 - 14
degrees) (Figure 3). Seventy-six patients presented with an extension of less than
5 degrees, and all these patients displayed metatarsus primus elevatus.

Five patients presented with malposition in the horizontal plane with painful

contact of the first and second toes, and required correction with an Akin osteotomy

Table 2. Patients with malposition needing repositioning revision surgery (Diag = Diag-
nosis HR = hallux rigidus, HVR = hallux valgo-rigidus, HVA = hallux valgus angle, IMA
= intermetatarsal angle, Ext = extension, Rot = rotation).

Preop Postop Preop Postop Postop Type of

Patient A S Di
atien g€ * Y gva HVA IMA IMA  Ext revision

1 71 F 10.7 9.0 0.0 Akin
2 72 F HVR 26.7 20.7 11.7 10.2 3.1 Akin
3 74 F HVR 35.6 21.8 13.4 12.5 2.8 Akin
4 43 M HR 7.1 9.5 7.3 10.0 1.5 Akin
5 39 F HVR 28.1 10.2 15.6 6.4 3.1 Akin
Mean 24.4 14.6 12.0 9.6 2.1
6 71 F HVR 39.5 6.6 19.3 11.3 5.2 Ext
7 72 F HVR 24.0 6.3 12.4 8.2 8.5 Ext
8 55 F HVR 32.5 0.0 23.4 5.9 0.0 Ext
9 61 F HV 17.6 7.2 9.4 9.4 3.6 Ext
Mean 28.4 5.0 16.1 8.7 4.3
10 42 M 16.3 7.5 6.1 Rot
11 73 F HVR 36.6 16.2 12.7 6.8 10.6 Rot
Mean 36.6 16.2 12.7 7.1 8.3
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Figure 3. The graph shows the position of the first MTP1 joint for all patients in the ho-
rizontal (postop_HVA) and sagittal (P1_Dorsiflexion) plane. Dorsiflexion of the toe was
measured in reference to the floor. The dotted rectangle represents the recommended
range of position. (® no reoperation needed, = nonunion, A sesamoidectomy, x derota-
tion, + extension osteotomy, A Akin osteotomy).

(medial closing wedge varisation osteotomy at the base of first phalanx). Radio-
graphically those five patients showed a mean preoperative HVA of 24.4 degrees
(range, 7 - 36) and a mean postoperative HVA of 14.5 degrees (range, 10 - 21);
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only two of them showed actual radiological malposition with a HVA greater
than 15 degrees (Figure 3). The preoperative IMA in this group measured a
mean 14.6 degrees (range, 9.5 - 21.8) and was corrected to within normal range
postoperatively (mean 9 degrees; range, 6 - 12). In the 120 index patients, the
postoperative position in the horizontal plane was found to be a mean valgus of
12 degrees (range, 0 - 31) (Figure 3). It had been corrected from a preoperative
mean of 26 degrees (range, 2 - 52). The IM angle of all index patients was cor-
rected from a preoperative mean of 13 degrees (range, 5 - 23) to a mean of 10
degrees (range, 5 - 21) postoperatively. Thirty-two patients (42%) showed radi-
ological malposition with valgus greater than 15 degrees, yet only two of these
patients were symptomatic and had to be revised.

One patient suffered from rotational malposition in excessive supination which
was corrected by a rotational osteotomy at the base of the first phalanx. An addi-
tional patient presented with a multiplanar malunion with excessive plantar flex-
ion and pronation. This patient was treated by a revision of the fusion with plate
and screw fixation.

Two patients required a medial sesamoidectomy. Both presented with hyper-
trophic sesamoids due to degeneration of the sesamoido-metatarsal complex and
postoperative extension within the desired range. There were no cases of wound
healing problems or infection. No hardware fractures were observed. No other
complication occurred. Hardware removal was performed in twelve cases due to

skin irritation and was not considered a revision.

4. Discussion

Arthrodesis of the MTP1 joint is generally a successful procedure, although his-
torically, nonunion has been a major concern. However, the use of a dorsal lock-
ing plate and a metatarsophalangeal screw for MTP1 fusion has become the most
commonly used fixation technique and has reduced the nonunion rate from 10%
- 20% to 2% - 14% [3] [5]. While in the past most revision surgery after MTP1
fusion was performed due to nonunion, little is known about current rates and
reasons for revision using modern implants. To the best of our knowledge, this
study of 120 consecutive patients is the largest reported series providing such
information and revealed that more reoperations were required for malposition
(9%) than for nonunion (3.3%). This confirmed the findings of Kunovsky et al
[7] who in their recently published series of 56 MTPI1 fusions using similar
technology noted five percent revision for nonunion compared to nine percent
for malposition.

While it seems obvious that correct positioning of the fusion is important for
successful clinical outcomes [9], the relation between radiological positioning
and related clinical symptoms leading to reoperation is not clear [10]. A number
of recommendations for measuring and positioning of the great toe have been
described [9] [11] [12] [13]. In this study the angle of the proximal phalanx in

relation to the floor was used to describe the position in the sagittal plane [9]
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[13]. Unlike the more commonly used metatarsophalangeal angle, this angle does
not depend on the slope of the metatarsal and remains the same in cavus or pla-
nus feet. However, both angles are dependent on the translation of the metatar-
sal head in the sagittal plane (elevatus). Thus, the required fusion angle cannot
be expected to be the same in a patient with metatarsus primus elevatus as in a
patient without; yet until now no specific recommendations for positioning of
the toe in metatarsus primus elevatus exist in the literature.

The toe-to-floor angle can easily be reproduced during surgery by holding a
board under the foot to simulate weight bearing [14] [15]. For positioning the
MTP1 arthrodesis some surgeons rely on the distance of the tip of the toe to the
above mentioned board [6], and aim for 5 mm of clear space or a fingertip, but a
recent study has shown that there is no statistical correlation between this dis-
tance and the postoperatively achieved angle [14]. This procedure is therefore
not particularly reliable. Thus it has rather been recommended to allow for three
centimeters of heel clearance with no extension in the IP joint when simulating
push off [12], while still allowing for slight contact of the toe with the ground
when standing. In patients with metatarsus primus elevatus this maneuver will
likely result in a toe-to-floor angle of less than five degrees. Therefore, we aimed
for a toe-to-floor angle in the sagittal plane between 0 and 15 degrees depending
on the foot type.

In the sagittal plane, we found a mean postoperative dorsal extension of the
toe in relation to the floor of 4.3 degrees (range, 0 - 14 degrees) and thus suc-
ceeded in positioning the toe within the desired range of the sagittal plane in all
cases. The use of a precontoured plate may have contributed to this. Doty et al
[5] stated that the use of a precontoured plate with 10 degrees of extension and
valgus consistently put them near the desired arthrodesis position of 15 - 25 de-
grees of dorsiflexion and 10 - 20 degrees of valgus. By using precontoured plates
with 10 degrees of dorsal extension Goucher et al. [16] showed that the desired
values could reliably be achieved. On the other hand, Mayer et al [1] compared
102 MTP fusions with noncontoured plates to 26 arthrodesis with precontoured
plates. They did not find significant differences in position, pain or complication
rates and concluded that the use of precontoured plates did not seem to reduce
malposition. In our study, despite presenting a radiological position within the
desired range, some patients suffered clinically from malposition in the sagittal
plane with insufficient extension and needed revision. We conclude that reach-
ing the desired radiological angle seemed not to prevent revision surgery. There
are two conceivable explanations. One, we may still not understand the true na-
ture of the dynamic relation between position in the sagittal plane and the out-
come, and/or two, the defined target range was inappropriate for the individual
patient because the sagittal translation of the metatarsal head was not taken into
consideration. More specific individual target ranges may need to be defined
depending on the sagittal translation of the metatarsal head. Data analysis with

scatterplot graphs did not allow for defining a target zone to avoid repositioning
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revision. Further studies will be needed to address this issue.

In the horizontal plane, valgus of 5 - 20 degrees is generally recommended.
Fitzgerald [17] reported that a valgus of 20 degrees in the MTP1 joint reduced IP
arthritis three fold. In our series, the position after the MTP1 arthrodesis in the
120 feet was found to be a mean valgus of 12 degrees (range, 0 - 31 degrees). No
patient was fused in varus. Painful contact between the first and second toes ac-
counted for most revisions due to malposition. Five patients needed reposition-
ing by means of an Akin osteotomy. It is interesting to note that only two of
them had a valgus of more than 15 degrees and were classified as radiological
malposition. It is possible that the individual range of asymptomatic valgus de-
pends on the width of the toes themselves and therefore a general recommenda-
tion may not be applicable. It is also possible that progressive reduction of the
IM angle postoperatively is contributing to the problem since the intraoperative
position may not be the one encountered at 6 months. The scatterplot analysis
demonstrated that a target zone of 0 - 9 degrees of valgus would have avoided all
repositioning revisions in the horizontal plane. A recommendation of 0 - 10 de-
grees of valgus in the horizontal plane instead of the traditional 5 - 15 degrees
may thus contribute to diminishing revision rates.

With revision as endpoint, this study does not provide information about pa-
tient satisfaction or function through scores. Furthermore, no measurement of
the translation of the metatarsal head in the sagittal plane (elevatus) was made,
which may explain why we have not been able to provide recommendation for
MTP1 fusion angles. Future studies should include measurement of the transla-
tion of the metatarsal head in the sagittal plane (elevatus) in order to come up
with matching values for positioning recommendation of MTP1 fusion in order

to avoid revision for malposition.

5. Conclusion

The revision rate for nonunion after MTP1 fusion with the latest locking plate
technology is low. Malposition is the leading cause for revision with a reopera-
tion rate threefold higher than for nonunion. Excessive valgus and insufficient
extension account for most malposition. Whereas a recommendation of 0 - 10
degrees of valgus in the horizontal plane may contribute to diminishing revision
rates, no conclusions could be drawn regarding an optimal position in the sagit-

tal plane.
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