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Abstract

Background: Injuries of the tarsometatarsal joint complex ranging from purely ligamentous to multidirectionally
unstable midfoot fracture-dislocations are anatomically fixed to minimize long-term sequelae including post-trau-
matic arthritis, pes planus deformity, and chronic pain. Lateral column disruption is commonly treated with temporary
Kirschner wire (K-wire) fixation, maintaining alignment during healing and allowing resumption of physiologic motion
after hardware removal. More unstable fracture patterns may require temporary cortical screw fixation to maintain
adequate reduction. We evaluated the efficacy of temporary lateral column screw fixation compared to K-wire fixation
for Lisfranc fracture-dislocation treatment.

Methods: This retrospective cohort study reviewed 45 patients over fourteen years who underwent Lisfranc fracture-
dislocation fixation at a level-one trauma center. All patients underwent medial and middle column fixation; 31
underwent lateral column fixation. Twenty six patients remained after excluding those without electronic records or
follow-up. The primary outcome was radiographic lateral column healing before and after hardware removal; second-
ary outcomes included pain, ambulation, and return to normal shoe wear.

Results: Twenty patients were male, with mean age 41 years. Thirteen patients underwent cortical screw fixation and
twelve K-wire fixation. One had both implants. Twenty four patients underwent lateral column hardware removal; all
had radiographic evidence of bony healing before hardware removal. Mean follow-up was 88.2 + 114 weeks for all
patients. The cortical screw cohort had significantly longer mean time to hardware removal (p =0.002). The K-wire
cohort had significantly more disuse osteopenia (p =0.045) and postoperative pain (p =0.019).

Conclusions: Radiographic and clinical outcomes of unstable Lisfranc fracture-dislocation treatment support tempo-
rary lateral column screw fixation as an alternate technique.

Level of clinical evidence: 3 (retrospective cohort study)
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through third metatarsals form a trapezoidal stable
arch with the second metatarsal functioning as a key-
stone [2]. The Lisfranc joint complex is further sup-
ported by soft tissues including a ligament complex
extending from the second metatarsal to the medial
cuneiform; the plantar component, or Lisfranc liga-
ment, is strongest [2].

Lisfranc joint fracture-dislocations are typically sus-
tained during high-energy axial loading injuries of a
hyper-plantarflexed foot, or during falls from a height
[3]. Avulsion of either bony attachment of the Lisfranc
ligament can reveal a pathognomonic radiographic
“fleck” sign (Fig. 1) [4]. The Myerson modification of
the Hardcastle classification of Lisfranc injuries divides
injuries into categories based on TMT joint congruity
and direction of metatarsal divergence relative to the

Fig. 1 Anteroposterior radiograph of left foot demonstrating “fleck”
sign pathognomonic for Lisfranc joint disruption
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Lisfranc joint [4] and can delineate involvement of the
three midfoot columns in the injury.

The lateral column has the greatest amount of sagit-
tal plane motion and can tolerate more incongruity than
the medial and middle columns [5]. The fourth and fifth
TMT joints have an average 20-degree range of motion in
both the dorsiflexion-plantarflexion and supination-pro-
nation arcs [6] which allows for ambulation over uneven
ground. The lateral column has historically been omitted
from osseous fixation such as a TMT joint arthrodesis or
open reduction and internal fixation (ORIF) to preserve
motion and function of the midfoot [7-10]. If persistent
instability occurs after fixation, temporary immobiliza-
tion with percutaneous K-wires can help achieve a more
stable construct [10]. Goals of surgical management of
Lisfranc injuries include reduction to within two millim-
eters (mm) of articular displacement to reduce the risk of
post-traumatic arthritis and chronic pes planus deform-
ity and to restore normal gait [11].

Lateral column disruption in TMT joint injuries is
commonly treated with K-wire fixation to maintain align-
ment during healing and allow for the return of physi-
ologic motion after hardware removal. More unstable
fracture patterns may not maintain adequate reduction
with K-wire fixation; these may be treated with tempo-
rary cortical screw fixation with implant removal six to
twelve weeks later. In this retrospective cohort study at
a high-volume trauma center, we evaluated the efficacy
of temporary lateral column cortical screw fixation as an
alternative to K-wire fixation for TMT joint fracture-dis-
locations. The primary outcome was radiographic lateral
column healing before and after hardware removal; sec-
ondary outcomes included pain, ambulation, and return
to normal shoe wear. We hypothesized that temporary
cortical screw fixation would yield equivalent radio-
graphic and clinical outcomes to K-wire fixation of the
lateral column.

Methods

A retrospective cohort study was undertaken to
review 45 consecutive patients from 2005 to 2018 at
a level I trauma center who underwent osseous fixa-
tion of Lisfranc joint fracture-dislocations (Myer-
son classification types A, B1, B2, C1, and C2) by the
orthopedic traumatologists. No ligamentous Lisfranc
injuries were included. The New York Medical Col-
lege Institutional Review Board approved this study
via expedited review. Representative injury radio-
graphs of patients treated in this cohort are included
below (Fig. 2). All patients underwent medial and mid-
dle column fixation with 3.5mm cortical screws (Syn-
thes, West Chester, PA) and 31 also underwent lateral
column fixation either with 3.5 mm cortical screws or
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Fig. 2 Anteroposterior and lateral injury radiographs of right foot demonstrating lateral displacement of the second metatarsal in a displaced
Lisfranc joint fracture-dislocation, typical of the patients treated in this series

0.062-in. Kirschner wires (Synthes, West Chester, PA).
Patients were treated according to senior author pref-
erence for lateral column fixation method. 3.5 mm or
2.7mm plates (Synthes, West Chester, PA) were also
used in medial column fixation constructs for four-
teen patients. Representative pre- and post-operative
radiographs of a patient fixed with K-wires as well
as radiographs after hardware removal are included
below (Fig. 3). Pre- and post-operative radiographs of a
representative patient fixed with cortical screws in the
lateral column are included for comparison (Fig. 4).
After excluding those with incomplete electronic med-
ical records and patients lost to follow up, 26 patients
remained. Radiographs were assessed by two board-
certified senior orthopedic traumatologists for stable
hardware fixation, fracture healing, lateral column
fixation method, and hardware removal. Electronic
medical records were reviewed for demographic data,
ambulatory status, patient-reported pain, and return
to normal shoe wear. The primary outcome measure
was radiographically stable lateral column healing
before and after implant removal. Secondary outcomes
included a pain-free foot after screw removal, ambu-
lation without aids, and return to normal shoe wear;
these were affected by other injuries sustained due to
the polytraumatic nature of patients included in this
study.

Chi square, Fisher’s exact, and independent samples
t-tests were used to determine differences between
cohorts with p <0.05 considered significant. Statistical
analyses were conducted with SPSS Statistics for Win-
dows, version 25 (IBM Corp., Armonk, NY).

Results

Thirty-one patients met inclusion criteria for this
study with ages ranging from eighteen to 73 years old
(mean age 39.8 = 15.9years). Five patients were further
excluded from analysis: two patients were lost to follow
up before initial postoperative evaluation, two patients
underwent ipsilateral below-knee amputations within
3 days of injury, and one patient was excluded due to
lack of radiographs. Twenty six patients remained eli-
gible for analysis. Mean age for these patients was
41.0+16.9years. Six (23.1%) patients were female
and fifteen (57.7%) patients had right foot injuries; no
patients had bilateral Lisfranc injuries. Seven (26.9%)
patients had staged hardware removal with a mean
15.7weeks to partial hardware removal and seven-
teen (65.4%) patients underwent one-stage hardware
removal with a mean 14.5weeks to hardware removal.
Two (7.7%) patients retained their hardware in both
medial and lateral columns. Mean follow-up was
88.2 + 114 weeks for all patients.

Twelve (46.2%) patients had lateral column disrup-
tion treated with K-wire fixation and thirteen (50.0%)
were treated with screw fixation; one (3.8%) patient was
treated with a combination K-wire and screw construct
and was grouped in the K-wire cohort for analysis. There
were no differences in age, sex, laterality, or open/closed
injury status between groups (Table 1). Patients that
underwent K-wire fixation were significantly more likely
to have had concomitant injuries of the ipsilateral foot or
ankle (including metatarsal, cuboid, navicular, talus, or
distal tibia fractures) than those that underwent screw
fixation (6 (50.0%) K-wire vs. 1 (7.1%) screw, p =0.014).
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Fig. 3 a Anteroposterior, oblique, and lateral injury radiographs of left foot demonstrating Myerson type A laterally incongruous TMT joint
fracture-dislocation. b Anteroposterior, oblique, and lateral postoperative radiographs demonstrating restoration of anatomic alignment of midfoot,
medial column TMT joint primary arthrodesis and lateral column K-wire fixation. ¢ Anteroposterior, oblique, and lateral postoperative radiographs
demonstrating removal of lateral column K-wires and mild narrowing of fourth and fifth TMT joints

(See figure on next page.)

Fig.4 a Anteroposterior, oblique, and lateral injury radiographs of right foot demonstrating Myerson type C2 totally divergent TMT joint
fracture-dislocation. b Anteroposterior, oblique, and lateral postoperative radiographs of right foot demonstrating restoration of anatomic
alignment of midfoot and fixation across medial, middle, and lateral columns with cortical screws. ¢ Anteroposterior, oblique, and lateral
postoperative radiographs of right foot demonstrating removal of lateral column cortical screws and maintenance of anatomic alignment. d
Anteroposterior, oblique, and lateral postoperative radiographs of right foot demonstrating removal of medial column hardware and maintenance
of anatomic alignment
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Fig. 4 (Seelegend on previous page.)
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Table 1 Demographic  characteristics of  patients  that
underwent lateral column fixation via cortical screw or K-wire
constructs (bold font indicates significance)
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Table 3 Longitudinal clinical outcomes of patients that received
lateral column fixation via cortical screw or K-wire constructs
(bold font indicates significance)

Screw (n=14) K-wire (n=12) p

Screw (n=14) K-wire (n=12) p

Age (mean=£SD) 395+176 428+£165 0.625
Sex (Female), n (%) 3(21.4%) 3(25.0%) 0.829
Laterality (Right), n (%) 9 (64.3%) 6 (50.0%) 0.462
Open Injury, n (%) 0 (0.0%) 1(8.3%) 0.271

Ipsilateral Injury, n (%) 1(7.1%) 6 (50.0%) 0.014

Most patients healed their fractures in both groups
(13 (92.9%) screw vs. 12 (100%) K-wire, p =0.345).
There were no differences between groups with respect
to radiographically stable fixation prior to hardware
removal, need for hardware removal, staged hardware
removal, development of post-traumatic arthritis, and
days between surgery and weight-bearing as toler-
ated (p >0.05) (Tables 2 and 3). Patients who under-
went lateral column fixation with K-wires underwent
removal of hardware in significantly fewer days post-
operatively than those who underwent screw fixation
(78.6 £29.7 days K-wire vs. 128.2437.2days screw,
p =0.002). Additionally, those with K-wire fixation of
the lateral column were more likely to suffer from disuse
osteopenia (9 (75.0%) vs. 5 (35.7%), p = 0.045).

Functional outcomes assessed at latest follow-up by the
senior orthopaedic traumatologists, including return to
unaided mobility and return to normal shoe wear, did not
differ significantly between groups (both p >0.05). One
patient in the cortical screw cohort required a one-inch
heel lift post-operatively and two patients in the K-wire
cohort required a cane for ambulatory assistance due to
a peroneal palsy and ipsilateral cuboid and talus frac-
tures, respectively. Despite requiring an ambulatory aid
and specialist shoe wear, one patient reported no pain.
Patients that underwent lateral column K-wire fixa-
tion were more likely to complain of post-operative pain
than those that underwent screw fixation (4 (33.3%) vs 0

Table 2 Longitudinal radiographic outcomes of patients that
received lateral column fixation via cortical screw or K-wire
constructs (bold font indicates significance)

Screw (n=14) K-wire(n=12) p

Stable Hardware, n (%) 12 (85.7%) 10 (83.3%) 0.867
Healed Fracture, n (%) 13 (92.9%) 12 (100.0%) 0.345
Hardware Removed 13 (92.9%) 11 (91.7%) 0910
Staged Hardware Removal 5 (38.5%) 2 (18.2%) 0.276
Days to Hardware Removal 1282 437.2 786429.7 0.002

(mean=£SD)

Post-traumatic Arthritis, n (%) 7 (50.0%) 6 (50.0%) 1.000
Disuse Osteopenia, n (%) 5 (35.7%) 9 (75.0%) 0.045
Days to weight-bearing as 131.8+40.1 133+£822 0.961

tolerated (mean % SD)

Unaided Mobility, n (%) 13 (92.9%) 8 (80.0%) 0.348
Return to Normal Shoe Wear, 13 (92.9%) 12 (100.0%) 0.345

n (%)

Post-operative Pain, n (%) 0 (0.0%) 4(33.3%) 0.019

(0.0%), p =0.019), perhaps related to the increased rates
of ipsilateral injury noted in that group.

Discussion

Both fixation methods used in this case series achieved
the primary outcome of stable radiographic healing of
the lateral column of the midfoot. Both fixation methods
also achieved a return to normal shoe wear and a return
to mobility without assistive devices. Notably, those fixed
with K-wires were able to undergo lateral column hard-
ware removal an average of 7.1 weeks sooner than those
fixed with cortical screws despite similar demographic
characteristics and an increased frequency of ipsilateral
injuries, potentially due to K-wire removal during office
consultation rather than during a subsequently scheduled
return to the operative suite. Lateral column screw fixa-
tion was associated with less postoperative pain and less
disuse osteopenia although there was no significant dif-
ference in return to full weight-bearing between groups.
Additional potential benefits of lateral column screw fixa-
tion not specifically evaluated in this study include avoid-
ing exposed hardware and reducing urgency of hardware
removal, reducing the risk of pin tract infection, and
allowing accelerated patient hygiene. The cortical screw
technique requires no additional surgical skills. Screw
fixation avoids the need for pin care but does necessi-
tate a second surgical procedure while K-wires may be
removed in the office setting.

Other techniques using K-wires in the lateral column
were attempting to retain some of the motion present
in those joints [10]. In more severely displaced fracture-
dislocations, screws may be a better choice to maintain
lateral column reduction. A primary driving force of the
development of post-traumatic arthritis is inadequate
reduction [11-13]; therefore, the best surgical technique
is that which affords stable anatomic reduction until frac-
ture healing.
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Recent studies have supported primary arthrodesis of
the Lisfranc joint as a treatment method for acute liga-
mentous Lisfranc injuries, with a systematic review in
2015 suggesting that primary arthrodesis was equiva-
lent to ORIF [14]. Ly and Coetzee reported a prospective
randomized study comparing primary arthrodesis with
ORIF of primarily ligamentous Lisfranc injuries involv-
ing the medial and middle columns [15]. With 2 years of
follow up, they found arthrodesis patients to have 92% of
their pre-injury function, while internal fixation patients
had 65% of their pre-injury function [15]. A 2019 Aus-
tralian case series of 39 patients with osseous Lisfranc
fracture-dislocations suggests improved outcomes with
primary arthrodesis of the medial and middle columns
when compared to ORIF in patients with totally incon-
gruous TMT joint injuries (Myerson types A and C2)
[16]. Temporary lateral column fixation was performed
with K-wires in 80.9% of the ORIF group and 55.6% of the
arthrodesis group [16]. However, only 62% of the ORIF
group had anatomic reduction at index surgery and 53%
of those patients lost reduction at follow up [16], suggest-
ing more study is needed to delineate outcomes between
arthrodesis and ORIF in severe Lisfranc joint fracture-
dislocations. Regardless of the fixation method chosen
for the medial and middle columns of the midfoot, lateral
column stabilization appears to be necessary in severe
Lisfranc fracture-dislocations, and this case series dem-
onstrates that cortical screws and K-wires are equivalent
techniques for achieving that goal.

This case series includes limitations, including the ret-
rospective nature of data collection; randomizing and
prospectively following patients may provide additional
insight differentiating the two techniques. Additionally,
use of other metrics including those encompassing a
wider variety of activities of daily living would allow for
additional clinical outcomes analysis. A prospective study
collecting patient-reported outcomes measures using
K-wire and cortical screw fixation techniques would
build on this radiographic study to provide further clini-
cally significant data, yet may be difficult to implement
due to the relative rarity of this complex injury pattern.
Despite these constraints, this study demonstrates that
lateral column cortical screw fixation is a viable alterna-
tive with equivalent radiographic and possibly improved
functional outcomes to K-wire fixation for temporary
immobilization of the fourth and fifth TMT joints in dis-
placed Lisfranc fracture-dislocations.

Conclusions

This report demonstrates that temporary lateral column
fixation in unstable Lisfranc joint injuries using cortical
screws provides equivalent radiographic outcomes to the
current standard of care of K-wire fixation, and does not
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delay return to weight-bearing, unaided mobility, and
normal shoe wear.

Abbreviations
K-wire: Kirschner wire; TMT: Tarsometatarsal; ORIF: Open reduction internal
fixation.
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