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Abstract

Background: Unstable Lisfranc injuries are best treated with anatomic reduction and stable fixation. There are
controversies regarding which type of stabilization is best. In the present study, we compared primary arthrodesis of the
first tarsometatarsal (TMT) joint to temporary bridge plating in unstable Lisfranc injuries.

Methods: Forty-eight patients with Lisfranc injuries were included and followed for 2 years. Twenty-four patients
were randomized to primary arthrodesis (PA) of the medial 3 TMT joints, whereas 24 patients were randomized to
temporary bridge plate (BP) over the first TMT joint and primary arthrodesis of the second and third TMT joints. The
main outcome parameter was the American Orthopaedic Foot & Ankle Society (AOFAS) midfoot scale and the secondary
outcome parameters were the 36-ltem Short Form Health Survey (SF-36) and visual analog scale for pain (VAS pain).
Computed tomography (CT) scans pre- and postoperatively were obtained. Radiographs were obtained at follow-ups.
Pedobarographic examination was performed at the 2-year follow-up. Twenty-two of 24 patients in the PA and 23/24 in
the BP group completed the 2-year follow-up.

Results: The mean AOFAS midfoot score 2 years postoperatively was 89 (SD 9) in the PA group and 85 (SD 15) in the BP
group (P = .32). There were no significant differences between the groups with regard to SF-36 or VAS pain scores. The
alignment of the first metatarsal was better in the BP group than in the PA group measured by the anteroposterior Meary
angle (P = .04). The PA group had a reduced peak pressure under the fifth metatarsal (P = .047). In the BP group, |1/24
patients had radiologic signs of osteoarthritis in the first TMT joint.

Conclusion: Both treatment groups had good outcome scores. The first metatarsal was better aligned in the BP group;
however, there was a high incidence of radiographic osteoarthritis in this group.

Level of Evidence: Therapeutic level |, prospective randomized controlled study.

Keywords: Lisfranc injury, tarsometatarsal joint injury, primary arthrodesis, bridge plate

Introduction

Lisfranc injuries are defined as injuries to the tarsometatar-
sal joint complex, which includes the tarsometatarsal
(TMT) joints, intercuneiform and naviculocuneiform
joints.'®?! These injuries consist of a wide spectrum of inju-
ries from nondisplaced, stable injuries to severe fracture
dislocations.®?!1:24313235 Qeveral studies have shown ana-
tomic reduction and stable fixation to be the most important
factors in achieving a good functional outcome in acute
Lisfranc fracture dislocations.?%!417:23:2836 The best tech-
nique used to achieve an anatomic and stable fixation of the
joints is still debated. Open reduction and transarticular
screw fixation has been the standard approach for many

years.>>1421323¢ [n recent years, good results have been
reported on dorsal bridge plating of the TMT joints after
Lisfranc injuries."*!"1733 In contrast to transarticular screw
fixation, the dorsal bridge plate technique avoids additional
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damage to the cartilage and might reduce the high incidence
of post-traumatic osteoarthritis in these patients,%!1:14.20.25.32
Primary arthrodesis of the 3 medial TMT joints has also
been advocated in treating unstable Lisfranc injuries. Two
randomized controlled trials comparing transarticular screw
fixation to primary arthrodesis in high-energy Lisfranc inju-
ries have shown favorable results in the primary arthrodesis
group.®!® In addition, one retrospective study comparing
primary arthrodesis to transarticular screw fixation in young
patients with low-energy Lisfranc injuries also showed
favorable results in the arthrodesis group.*

In the present study, we have compared the first TMT
joint—preserving technique using a temporary dorsal bridge
plate, to primary arthrodesis in acute Lisfranc injuries. A
primary arthrodesis of the second and third TMT joint was
performed in all patients.

Our hypothesis was that the joint-sparing procedure
using a temporary dorsal bridge plate would lead to a better
functional outcome compared to primary arthrodesis.

Methods

A randomized controlled trial comparing primary arthrode-
sis (PA) to temporary bridge plating (BP) of the first TMT
joint in acute Lisfranc injuries was conducted (Figure 1).
The study was approved by the National Committee for
Medical and Health Research, registered in Clinical trials.
org (ID: NCT01448941), and approved by the data protec-
tion officer at the university hospital. All patients signed an
informed consent form prior to inclusion. The patients were
enrolled from October 2011 to August 2015 (Figure 1). The
trial was performed at a level 1 trauma center.

An acute Lisfranc injury was defined as injury to the TMT
joints with avulsion fractures, intra-articular fractures, and/or
displacement of 1 or more TMT joints. Injuries to the TMT
joint were identified using primary radiographs, CT scans,
stress fluoroscopy, and/or weightbearing radiographs.

The joints were considered unstable if radiographs or CT
scans showed a displacement of 2 mm or more in any direc-
tion or a stress test under fluoroscopy showed displacement
of the joints.

Inclusion criteria were Lisfranc injuries with instability
of the medial 3 TMT joints and no fractures in relation to
the first TMT joint, in patients between 18 and 65 years old.
Minor capsular avulsions in relation to the first TMT joint
was accepted as a primarily ligamentous injury.

The exclusion criteria were concomitant other major
lower extremity injuries / polytrauma, open injuries, previ-
ous foot pathology, diabetes mellitus, neuropathy, and
peripheral vascular disease.

Randomization

After informed consent was obtained, the patients were ran-
domly assigned to one of the 2 groups using the random

allocation rule. Allocations were kept in sealed, opaque
envelopes containing “Primary Arthrodesis” or “Bridge
Plate” and were manually shuffled. Neither the orthopedic
surgeon performing the follow-up examinations nor the
patients were blinded.

Demographics. Twenty-four patients were randomized to
the BP group, and 24 patients were randomized to the PA
group. The patient characteristics at time of inclusion,
mechanisms of injury, and injury characteristics are pre-
sented in Table 1. No between-group differences were
observed at baseline, except from a higher rate of ligamen-
tous injuries in the lateral column in the BP group (P =
.049). The time from injury to surgery was 16.5 days in the
PA group and 15 days in the BP group (P = .68). The bridge
plate over the first TMT joint in the BP group was removed
at a mean of 138 (SD 22) days after primary surgery. The
“homerun-screw” and the hardware used for the TMT joint
arthrodesis were not routinely removed.

Operative Technique and Rehabilitation

The surgeries were performed by orthopedic surgeons expe-
rienced in foot and ankle surgery. A 2-incision technique
was used, with one longitudinal dorsomedial incision over
the first TMT joint and a second incision over the third
TMT joint. A skin bridge of at least 4 cm between the inci-
sions was preserved to reduce the risk of wound complica-
tions. The 3 medial TMT joints were exposed. As all of the
patients were treated with a primary arthrodesis of the sec-
ond and third TMT joint, the cartilage was removed from
these joints and the subchondral bone was multiperforated
using a 2-mm drill bit to enhance fusion. No bone graft was
used. If the patient was randomized to the PA group, the
same procedure was performed in the first TMT joint. In the
patients randomized to dorsal bridge plating, the cartilage
of the first TMT joint was left intact. The TMT joints were
then reduced anatomically, starting with the first TMT joint
and temporary fixed using 1.6-mm Kirschner wires. The
reduction was confirmed both visually and by fluoroscopy.
In the BP group, the first TMT joint was bridged with a 2.7-
mm locking plate (LCP Compact Foot 2.4/2.7; DePuy
Synthes, Oberdorf, Switzerland), while in the arthrodesis
group the arthrodesis of the first TMT joint was fixed with
two 2.7- or 3.5-mm fully threaded screws with interfrag-
mentary compression. The primary arthrodesis of the sec-
ond and third TMT joints was either fixed using 2.7- or
3.5-mm fully threaded screws or, in case of a severely com-
minuted joint, a locking plate was used. A “homerun-screw”
was then placed from the medial cuneiform to the base of
the second metatarsal securing the Lisfranc mortise. After
reduction and fixation of the 3 medial TMT joints, the
reduction of the fourth and fifth TMT joints was assessed. If
displaced, the 2 lateral TMT joints were reduced and stabi-
lized using 1.6-mm Kirschner wires (Figure 2).
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[ Enrollment ]

Assessed for eligibility (n=146)

Excluded (n=98)
+ Not meeting inclusion criteria (n= 85)

A 4

+ Declined to participate (n= 8)
+ Other reasons (n=5)

Randomized (n=48)

! [

Allocation ] v

Allocated to primary arthrodesis TMT-1 (n= 24)
+ Received allocated intervention (n=24)
+ Did not receive allocated intervention (n=0)

Allocated to temporary bridge plate TMT-1
(n=24)

+ Received allocated intervention (n=24)

+ Did not receive allocated intervention (n= 0)

A [ Follow-Up ] v
Lost to follow-up (n= 0) Lost to follow-up (n=0)
Incomplete data sets (n=3) Incomplete data sets (n=2)
e 1 year (did not attend) (n=1) e 1 year (did not attend) (n=1)
e 2 year (did not attend) (n=1) e 2 year (did not attend) (n=1)
e 1 &2 years (did not attend) e 1 &2 years (did not attend)
(n=1) (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=1)
e Arthrodesis of TMT-1 two years
postoperative (n=1)
L]
v [ Analysis ] v
Analysed (n= 24) Analysed (n= 24)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure I. CONSORT flowchart of the trial enroliment and analysis. TMT, tarsometatarsal.

Postoperative Care

The patients remained non—weight bearing for the first 6-8
weeks. Postoperatively the patients had a short leg splint
that was removed at 2-3 weeks together with the sutures,
and a short leg cast was applied. Cast immobilization was
discontinued at 6-8 weeks postoperatively, and any K-wires
transfixing the fourth and fifth TMT joints were removed.
The patients then started weight-bearing as tolerated in a
walker boot, which was used during weight-bearing until 12

weeks after surgery. In the BP group, the dorsal bridge plate
over the first TMT joint was removed 4-5 months after

surgery.

Outcome Measures

The patients returned for follow-up at 2-3 weeks, 6-8 weeks,
12 weeks, 6 months, 1 and 2 years postoperatively. The
main outcome measure was the American Orthopaedic Foot
& Ankle Society (AOFAS) midfoot scale, which consists of
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Table I. Patient Characteristics at Time of Enrollment,
Mechanism of Injury, and Injury Characteristics.

Characteristics PA (n=24) BP (n=24)
Gender, male/female 11/13 11/13
Age? 30 (23-40) 34 (28-40)
Side, right/left 13/11 717
Smoking, yes/no 3/21 5/19
BMI 24 (21-28) 25 (22-27)
Mechanism of injury
Fall <1 m or twisting of foot 12 7
Fall -3 m 2 |
Fall >3 m 0 |
Crush injury 0 |
Bike accident 0 2
Sports-related injury 10 12
Injury characteristics
Ligamentous injuries
Medial column 24 24
Central column 2 6
Lateral column® 2 9
Intra-articular fractures
Medial column 0 0
Central column 22 18
Lateral column® 15 9

Abbreviations: BP, bridge plate; PA, primary arthrodesis.

*Presented as median and interquartile range in parentheses.

The only statistically significant difference between the PA and BP group
at enrollment was a higher rate of ligamentous injuries in the lateral
column in the BP group, P = .049.

3 main parts (pain, function, and alignment) resulting in a
score ranging from 0 to 100, the best score being 100.!?> The
secondary outcome parameters where the visual analog
scale (VAS) for pain at rest and during walking, and the
36-Item Short Form Health Survey (SF-36) health survey, a
patient-reported survey of patient health, at the 1- and
2-year follow-ups.>> The same orthopedic surgeon con-
ducted all of the 1- and 2-year follow-up examinations.

Radiographic Measurements

Postoperative CT scans and radiographs were obtained
within the first 3 days after surgery. Weight-bearing antero-
posterior (AP), lateral, and 30-degree oblique radiographs
were obtained at the 6-week, 12-week, 12-month, and
24-month follow-ups. Reduction was evaluated on the post-
operative CT scans. An anatomic reduction was defined as
<2-mm displacement in any direction of the TMT joints,
and a distance of no more than 2 mm between the medial
cuneiform and the base of the second metatarsal.

At the 2-year follow-up, the alignment of the foot was
assessed with weight-bearing radiographs. A displacement
of 2 mm or more compared with the postoperative CT scans

was considered as secondary displacement. The Meary
angle (talus-first metatarsal angle) was measured on the AP
and lateral weightbearing radiographs to assess any differ-
ence in the alignment of the first metatarsal between the 2
groups.'> Osteoarthritis (reduced joint space, sclerosis,
cysts, or osteophytes) of the first TMT joint in the BP group,
as well as any nonunion of the fused TMT joints, were
recorded.

Pedobarography

At 2-year follow-up, the plantar pressure of the patients was
evaluated with the Tekscan HR mat (Tekscan Inc, South
Boston, MA) and the Tekscan research software. Contact
length, peak pressure and contact area were recorded for the
following areas: medial heel (MH), lateral heel (LH), mid-
foot (MF), first metatarsal (M1), second metatarsal (M2),
third metatarsal (M3), fourth metatarsal (M4), fifth metatar-
sal (M5), and first toe (T1).

Statistical Analysis

A superiority study was conducted and power analysis prior
to the study enrollment showed that 44 patients (22 in each
group) had to be included to show a difference of 10 points
or more on the AOFAS scale, with an estimated standard
deviation of 10. This would give a power of 0.9 and a sig-
nificance level of 5%. Taking into account any loss to fol-
low-up we planned for 24 patients included in each group.
The statistical analyses were performed using the Statistical
Package for the Social Science (SPSS) software, version 25
(SPSS Inc, Chicago, IL). Data were tested for normality.
Normal distributed data are presented as means with stan-
dard deviations and the 2-sided # test for independent sam-
ples was used for statistical analysis. The Mann-Whitney U
test was used for nonparametric data, which are presented
as median and interquartile range (IQR). The primary out-
come (AOFAS midfoot scale), which was used for power
analysis, showed a nonparametric distribution. These data
are presented as means and standard deviation (SD), and the
t test has been applied. In addition, the data were analyzed
using nonparametric tests (Mann-Whitney U test), gaining
similar results. The Fischer exact test was used to analyze
categorical data. Spearman rank correlation was used to cal-
culate correlation between variables. The significance level
was P = .05.

Results

Clinical Outcomes

The mean AOFAS midfoot score and median VAS pain
scores were not significantly different between the 2 groups
at the 1- and 2-year follow-up (Table 2).
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Table 2. Outcome Measures.

Outcome Measure PA BP P Value
AOFAS midfoot scale?
| y (PA: n=23, BP: n=23) 85 (10) 79 (16) 12
2y (PA: n=22, BP: n=23) 89 (9) 85 (15.0) .32
VAS pain at rest®
| y (PA: n=23, BP: n=23) 0 (0-0) 0 (0-2.4) .14
2y (PA: n=22, BP: n=23) 0 (0-0.4) 0 (0-0.8) 72
VAS pain during walking®
| y (PA: n=23, BP: n=23) 1.4 (0-4.2) 2.5 (0-4.4) A5
2y (PA: n=22, BP: n =23) 0 (0-2.0) 0.9 (0-3.0) 42
SF-36 1-y® (PA: n=23, BP: n=23)
Physical function 90 (85-100) 90 (69-96) 44
Role physical 100 (75-100) 88 (25-100) .05
Bodily pain 90 (70-90) 70 (45-90) .18
General health 80 (65-95) 80 (65-90) 91
Vitality 60 (45-75) 60 (54-66) .62
Social function 100 (63-100) 100 (72-100) 93
Role emotional 100 (67-100) 100 (0-100) 29
Mental health 80 (48-80) 80 (50-80) .62
Physical component 54 (39-54) 51 (33-51) 27
Mental component 54 (30-54) 54 (31-54) 46
SF-36 2-y® (PA: n=22, BP: n=22)
Physical function 95 (89-100) 95 (89-100) .98
Role physical 100 (44-100) 100 (88-100) 61
Bodily pain 90 (62-100) 90 (82-100) >.99
General health 83 (70-95) 75 (64-90) .25
Vitality 60 (44-75) 63 (45-71) .88
Social function 94 (72-100) 100 (84-100) .37
Role emotional 100 (25-100) 100 (58-100) .54
Mental health 78 (60-93) 80 (72-84) .69
Physical component 55 (49-58) 54 (46-58) 92
Mental component 50 (36-58) 52 (47-55) .75

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society midfoot scale; BP, bridge plate; IQR, interquartile range; PA, primary arthrodesis;
SF-36, 36-Item Short Form Health Survey; VAS pain, visual analog scale for pain.

?Data are presented as mean, with the SD in parentheses.
®Data are presented as median, with the IQR in parentheses.

The SF-36 at one- and 2-year follow-up did not show
any significant difference between the groups in any of the
8 subgroups nor in the physical and mental component sum-
mary (Table 2).

Radiographic Outcomes

The radiographic findings are presented in Table 3. In both
the PA and the BP group, 21 of the 24 patients had an ana-
tomical reduction evaluated on the postoperative CT scan.
At the 2-year follow-up, no patients had secondary dis-
placement on weightbearing radiographs. In the PA group,
the AP Meary angle was significantly increased compared
with the BP group (12 degrees; IQR, 5-15 vs 5 degrees;
IQR, 2-13, P = .04).

After 2 years, 11/24 patients in the BP group had radio-
graphic osteoarthritis in the first TMT joint. Only 1 of these
patients required conversion to arthrodesis of the first TMT
joint at 24 months because of painful osteoarthritis.

Pedobarography

The pedobarographic results are presented in Figure 3.
The only statistically significant difference between the 2
groups was the reduced peak pressure under the fifth
metatarsal in the PA group. The peak pressure under the
fifth metatarsal was also reduced compared with the non-
injured side in the PA group (16 N/cm?, IQR, 13-24, vs 26
N/em?, IQR, 15-31; P = .047); this reduction was not seen
in the BP group. The fifth metatarsal peak pressure was
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Table 3. Radiographic Findings.

Radiographic Findings PA Group BP Group P Value
K-wire fixation TMT 4+5 6 (24) 2 (24) 245
Anatomic reduction postop CT scan® 21 (24) 21 (24) >.99
Anatomic reduction radiographs at 2 y 21 (22) 23 (23)° 49
AP Meary angle, degrees, median (IQR) 12 (5-15) 5(2-13) .042¢
Lateral Meary angle, degrees, median (IQR) 1 (0-3) 3 (0-6) 23
Nonunion (all third TMT joint) 1 (22) 2 (23) >.99
Osteoarthritis TMT-| Il (24)¢

Spontaneous fusion TMT-1 4 (23)

Abbreviations: AP, anteroposterior; BP, bridge plate; CT, computed tomography; IQR, interquartile range; PA, primary arthrodesis; TMT, tarsometatarsal.
*There was | nonanatomic reduction in the first TMT joint in each group.

®Two of the TMT joint displacements seen on the postoperative CT scans were not detected on the 2-year follow-up radiographs.

“The one patient who did not attend the 2-year follow-up had osteoarthritis of the first TMT joint on the |-year follow-up.

9Bold indicates statistically significant findings.

h Staende

B

Figure 2. (A) Primary arthrodesis of the 3 medial TMT joints. (B) Temporary bridge plating of the first TMT joint using locking
plate and primary arthrodesis of the second and third TMT joint. (C) Same patient as in panel B, but after removal of the temporary
bridging plate. TMT, tarsometatarsal.

correlated to the lateral Meary angle in the PA group  patients in the BP group developed complex regional pain
(r, = —0.65, P = .002). syndrome. In the PA group, 1 patient had persistent pain
because of irritation of the medial branch of the superficial
peroneal nerve. One patient in the BP group experienced
loosening of a screw from the plate, which led to a rupture
One patient had a superficial wound infection in the BP  of the extensor hallucis longus tendon. The patient was
group treated successfully with oral antibiotics. Two treated with a transfer of the second toe extensor digitorum

Complications and Additional Surgeries
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Figure 3. Pedobarographic data of injured side presented as boxplots.

The only statistically significant finding (Mann-Whitney U test) was the reduced peak pressure under the fifth metatarsal in the PA group (P = .01). BP,

bridge plate; M, first metatarsal; M2, second metatarsal; M3, third metatarsal; M4, fourth metatarsal; M5, fifth metatarsal; MF, midfoot; MH, medial

heel; LH, lateral heel; PA, primary arthrodesis; TF, total foot.
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longus to extensor hallucis longus with an excellent out-
come. No statistical difference in complication rate was
observed between the 2 groups (P = .348).

Nonunions developed in the third TMT joint in 3 patients
(1 in the PA and 2 in the BP group). In addition to the
planned removal of the bridge plate in the BP group, 7/23
patients in the PA and 5/24 patients in the BP group had
hardware removed (P = .450) at a median of 302 days
(IQR, 149-725).

Discussion

In this randomized controlled trial comparing temporary
bridge plating (BP) to primary arthrodesis (PA) of the first
TMT joint in acute Lisfranc injuries, we were not able to
detect superiority of the BP group compared to the PA group
using AOFAS midfoot score, VAS pain score, or SF-36 at
2-year follow-up. A high incidence of radiologic osteoar-
thritis was present in the first TMT joint in the BP group;
however, only 1 patient required a fusion due to painful
osteoarthritis. The first metatarsal was better aligned in the
AP radiographs in the BP group evaluated by the AP Meary
angle. Pedobarographic examination revealed a reduced
peak pressure under the fifth metatarsal in the PA group. We
had a trend toward more complications in the BP group
(P = .348).

The medial 3 TMT joints are considered nonessential
joints, and fusion of these joints is well tolerated by
patients.®!3181922 The first tarsometatarsal joint is more
mobile than the central TMT joints, and preserving this joint
might be beneficial.?! As there is almost no motion in the sec-
ond and third TMT joints and these joints have a tendency to
develop painful osteoarthritis, these joints were fused in the
present study.'® The lateral column is the most mobile and
plays an important role in the foot’s ability to adapt to the
surface and should not be fused.'3?%?? In the current study,
we have compared preserving the first TMT joint to fusing it.

We did not find superiority of the BP group compared to
the PA group with regards to the AOFAS midfoot score or
VAS pain score (mean AOFAS 89 vs 85, P = .32 and
median VAS pain during walking 0 vs 1.0, P = .42). Both
groups had good outcome scores, comparable to the study
by Ly et al, in which the primary arthrodesis group had a
mean AOFAS midfoot score of 88 and VAS pain score of
1.2 at 2-year follow-up.'® No studies have, to our knowl-
edge, investigated the outcome after combining temporary
bridge plating of the first TMT joint with primary arthrod-
esis of the second and third TMT joints. However, the
AOFAS midfoot scores were similar to the results of tempo-
rary bridge plating reported by Hu et al in their prospective
comparative study with an average follow-up of 31 months
(mean AOFAS midfoot score in plate group of 83.1), and in
the retrospective study by Kirzner et al (mean AOFAS mid-
foot score in plate group of 82.5).”!' Stern and Assal

reported a mean AOFAS midfoot score of 85 at 1-year fol-
low-up in their retrospective case series of 15 patients
treated with dorsal bridge plating.®* In all these studies the
first, second, and/or third TMT joints were stabilized using
bridge plates whereas the 2 lateral TMT joints where stabi-
lized using K-wires, if unstable.

With regard to quality of life, Schepers et al reported
normalization of the SF-36 score at a median follow-up of
76 months after isolated Lisfranc injuries.’® The SF-36
score in both groups of our study was comparable to
reported data from the Norwegian general population aged
30-39 years, both with regard to the physical component
summary (mean 53, SD 8) and mental component summery
(mean 52, SD 9) score, suggesting a return to quality of life
at the same level as the general population.’

Osteoarthritis after Lisfranc injuries is reported in up to
25%-94%,1420.2532 The bridge plate technique is a joint-
sparing technique that might reduce the risk of osteoarthri-
tis.h!33 Lau et al was, however, not able to relate
osteoarthritis to the method of fixation when comparing
bridge plating to transarticular screw fixation!” Previous
studies using dorsal bridge plating have reported a high
rate of mild post-traumatic osteoarthritis on follow-up
radiographs.'’3* In the present study 11/24 patients had
degenerative changes on the follow-up radiographs at 2
years, but only 1 patient required an arthrodesis of the first
TMT joint due to pain. The long-term incidence and sever-
ity of osteoarthritis after temporary bridge plating, and how
many of these patients will require an arthrodesis, are still
not known.

Hu et al reported a spontaneous fusion rate of 5/32
(15,6%) after treating Lisfranc injuries with joint-preserv-
ing dorsal bridge plates, but 4 of the patients did not have
any discomfort.” In the present study 4/24 patients treated
with a bridge plate of the first TMT joint developed a spon-
taneous fusion of the joint within 2 years. The patients with
a spontancous fusion had a favorable outcome with a
median AOFAS midfoot score at 2 years of 92 (range,
80-100).

In the 2 previously published randomized controlled tri-
als comparing primary arthrodesis to transarticular screw
fixation in Lisfranc injuries, low rates of nonunions were
reported (1/21 and 1/19).3'® Altogether, there were 3 non-
unions after arthrodesis in our present study, all of these
occurred in the third TMT joint (one in the PA group and 2
in the BP group). These patients had only minor complaints
and did not want further surgery with revision arthrodesis.

Anatomic reduction of the TMT joints and a stable fixa-
tion are considered the most important factors in achieving
a good outcome when treating unstable Lisfranc inju-
ries. 14232932 Kirzner et al found a trend toward better
reduction of Lisfranc injuries using bridge plating com-
pared with transarticular screw fixation (P = .06).!! On the
other hand, Lau et al were not able to confirm any
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differences in the quality of reduction when comparing
transarticular screw fixation to bridge plating.!” In the pres-
ent study, we could not find a difference between the 2
groups in the anatomic reduction of the TMT joints or in the
distance between the medial cuneiform and the base of the
second metatarsal on postoperative CT scan or on the radio-
graphs at the 2-year follow-up. However, examining the
alignment of the first metatarsal we did observe an increased
AP Meary angle in the PA group compared to the BP group
(12 vs 5 degrees, P = .042), indicating that the first metatar-
sal was fixed in an abducted position. Lamm et al reported
the AP Meary angle in normal subjects to have a median
value of 6.5 degrees (range, 0-18) which is comparable to
the findings in our BP group.'® No statistical difference was
found between the 2 groups when comparing the lateral
Meary angle, although the PA group had a slightly reduced
angle compared with the BP group (1 vs 3 degrees, P =
.23). Pedobarographic examination showed a reduced fifth
metatarsal peak pressure in the PA group compared with the
BP group (P = .047). The fifth metatarsal peak pressure
correlated to the lateral Meary angle in the PA group (r, =
—0.65, P = .002). In addition, the medial column is short-
ened when performing an arthrodesis, which also may ele-
vate the head of the first metatarsal. Both the shortening of
the medial column and the slightly reduced lateral Meary
angle can lead to increased pronation of the foot. We believe
that the reduced fifth metatarsal pressure was caused by a
change in the length and alignment of the first metatarsal in
the PA group.

Loss of reduction has been reported as a complication
to bridge plating of Lisfranc injuries. Kirzner and col-
leagues reported a loss of reduction in 11% of their patients
treated with bridge plates vs 24% in the group treated with
transarticular screws.!" We found no patients with a sec-
ondary displacement at the 2-year follow-up. This might
be because only the first TMT joint was bridge plated and
the second and third TMT joints were fused, in contrast to
the bridge plate group in the study by Kirzner, where all
the unstable central and medial joints were bridge plated.'!

All the patients in the BP group had the locking plate
bridging the first TMT joint removed at a mean of 138 (22)
days after the primary surgery. This additional surgery can
be one of the causes for the higher number of complica-
tions, although not statistically significant, seen in the BP
group.

The strength of the present study is first and foremost its
randomized controlled design. The study is, to our knowl-
edge, the only study comparing temporary bridge plating to
primary arthrodesis in Lisfranc injuries. All the surgeries
were performed by orthopedic surgeons experienced in foot
and ankle surgery and the surgeons were familiar with both
operative techniques prior to study inclusion. Anatomic
reduction was evaluated with postoperative CT scans, and
there was a low rate of loss to follow-up in the study.

The study does have some inherent limitations. A major-
ity of the patients sustained low-energy trauma as poly-
trauma patients were excluded. Low-energy injuries are
known to have better results than the high-energy injuries in
terms of outcome scores, postoperative reduction, and post-
traumatic osteoarthritis.!”-?”* Only the patients with clini-
cally and/or radiologically suspected nonunion were
evaluated with CT scans. We thereby might have missed
nonunions with only minor symptoms. The patients and
examiner were not blinded for the treatment, with a poten-
tial for introducing bias. In addition, the AOFAS midfoot
scale has been shown to have an acceptable validity and
internal consistency when used to evaluate Lisfranc inju-
ries, but has a ceiling effect and a lack of coverage and tar-
geting.”® Even so, a review of patient-reported outcome
measures in foot and ankle surgery showed the AOFAS
midfoot scale to be the most commonly used outcome mea-
sure in studies of Lisfranc injuries together with the VAS for
pain and SF-36.'" This makes these 3 outcome scores suit-
able for comparing the results with previously published
studies.

Conclusion

Both the temporary bridge plate group and the primary
arthrodesis group yielded good outcome scores when treat-
ing Lisfranc injuries. We did not find superiority of the BP
group compared to the PA group according to the AOFAS
midfoot score. The first metatarsal was better aligned in the
BP group. Despite avoiding transarticular screw damage
by bridge plating the first TMT joints, there was a high rate
of radiologically detected osteoarthritis in the first TMT
joint. The long-term effects of post-traumatic osteoarthritis
is still unknown and longer follow-up is required.
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