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Abstract: The standard surgical approach for the fusion of the tarsometatarsal (TMT) joint involves
a two-incision approach. Philpott et al. proposed a modified, single-incision dorsal approach that
yields a similar exposure. This study compares the joint preparation between the standard and
modified dorsal approach. Ten fresh frozen cadaver specimens were randomly assigned to receive
either a standard or modified dorsal operative approach to the TMT joint. The joint surface was
prepared, and the joint was disarticulated. Image analysis, using ImageJ, was performed by two
blinded reviewers to assess the joint surface preparation and this was compared by surgical approach.
There was no significant difference in the amount of joint prepared when comparing the standard
versus modified dorsal approach for TMT joints one through three (p = 0.548, p = 0.310, p = 0.548).
First, TMT was 67.6% prepared by the standard approach vs 71.7% by the modified dorsal approach,
second TMT was 67.9% vs. 65.7%, and third TMT was 65.9% vs. 59.6%. With our findings, we
demonstrate that a modified dorsal approach with a single incision did not limit the ability to prepare
the joint space. This study adds credibility backed by data to those set forth by Philipott et al.

Keywords: TMT; Lisfranc; TMT primary arthrodesis; TMT fusion preparation; modified dorsal
approach

1. Introduction

Midfoot injuries often consist of injury to the tarsometatarsal (TMT) joint and are a
common entity the foot and ankle surgeon will encounter. Distraction of the TMT with
its articulating surfaces manifests as Lisfranc injuries, ranging from purely ligamentous
injuries to high energy comminuted fracture-dislocation patterns [1]. Lisfranc injuries
occur more commonly in males and typically occur via low energy trauma such as athletic
injuries, falls from height, or motor vehicle accidents (MVA) [2,3]. The injury occurs when
an axial load is applied to a hyper-plantarflexed forefoot causing the metatarsals to become
dorsally or laterally displaced. Clinically, patients will present with severe midfoot pain,
are unable to bear weight, and may exhibit pathognomonic ecchymosis on the medial
plantar aspect of the affected foot. Lisfranc injuries account for roughly 0.2% of all fracture
types [2]. However, this number could be deceiving as approximately 20–24% of Lisfranc
injuries are missed on initial evaluation. Proper recognition and treatment of this injury is
vital as failure to do so can lead to permanent morbidity with more severe injuries leading
to compartment syndrome and potentially amputation.

Patients with Lisfranc injuries require surgical treatment to achieve anatomic reduc-
tion [4]. It is important to consider the approach and management of these patients to
optimize outcomes of this complex joint surface. Traditionally, the surgical approach for
Lisfranc injuries utilizes two longitudinal incisions over the dorsum of the foot separated
by skin bridges [5]. This dual-incision approach is commonly described as an incision
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over the first and second webspace at the TMT joint with the second incision overlying
the fourth and fifth webspace at the TMT joint. [6]. This approach allows the surgeon to
proceed with either open reduction and internal fixation (ORIF) or primary arthrodesis
of the affected joints [5]. However, if the incisions are not directly over the correct web
space, this can lead to poor visualization of the transversely oriented TMT joint. There is
also the possibility for necrosis of the skin bridges with this dual-dorsal-incision approach.
Philpott et al. proposed a modified, single-incision dorsal approach to the Lisfranc joint.
The incision starts at the TMT joint of the second metatarsal and extends distally to the
metatarsophalangeal (MTP) joint. They concluded that this modified approach to Lisfranc
injuries offered superior exposure to the TMT joint and had comparable rates of complica-
tions to the traditional dual-incision approach [7]. However, this study focused on ORIF
of Lisfranc injuries but did not account for fixation utilizing primary arthrodesis. In the
setting of ligamentous injury, Ly et al. reported TMT arthrodesis to have superior outcomes
for Lisfranc fixation [8]. As such, the authors determined an appropriate comparison of
joint preparation for arthrodesis utilizing the standard versus modified dorsal approach.

The goal of this article is to compare TMT joint preparation for primary arthrodesis
of Lisfranc injuries using the traditional dual-incision approach versus the Philpott et al.
modified single-incision approach. If the modified approach offers superior exposure to
the TMT joint, the authors hypothesize that there should be an increase in the total surface
area of the joint that can be successfully prepared for primary arthrodesis.

2. Materials and Methods

Ten fresh frozen cadaver specimens, cut at the mid-tibial shaft, were obtained for
execution of this study. The specimens were removed from cold storage and allowed to
thaw for 12 h before any tissue handling was performed. Prior to initiation of any planned
investigation, all cadavers were grossly inspected for any evidence of existing pathology
or prior operative intervention. Fluoroscopic radiographs were used to rule out any pre-
existing pathology of the TMT joint. After these criteria were confirmed, specimens were
randomly assigned to receive either a modified dorsal (single incision) or standard (dual
incision) operative approach to the tarsometatarsal (TMT) joint.

2.1. Standard (Dual Incision) Approach

A dorsal incision was made overlying the 1st web space just lateral to the extensor
hallucis longus (EHL) tendon over the interval between the base of the first and sec-
ond metatarsals. The tendon sheath of EHL was incised laterally and an interval was
subsequently developed between the EHL and extensor hallucis brevis (EHB) tendons.
The dorsalis pedis artery and deep peroneal nerve were identified deep to the EHB muscle
belly and these structures were retracted medially or laterally as needed for evaluation of
the first and second TMTs. For assessment of the third TMT, a dorsolateral incision was
made along the lateral border of the 3rd metatarsal centered over the TMT joint. Both
incisions can be seen in Figure 1. The extensor retinaculum was cut and the extensor
digitorum longus (EDL) tendons were retracted medially to reach the 3rd TMT.

2.2. Modified Dorsal (Single Incision) Approach

A dorsal skin incision was made overlying the second metatarsal starting proximal
to the TMT joint and extending distally to the MTP joint (Figure 2). If necessary, the 2nd
metatarsal was localized under fluoroscopy to ensure proper placement of the incision.
Three windows were created to assess the first, second, and third TMT joints. A medial
window was made just medial to the EHL, which allowed for the visualization of the first
TMT joint. For exploration of the second TMT joint, a middle window was created. As the
neurovascular bundle lies closely in relation to this joint, this window was developed by
starting on the MT shaft distally and dissecting proximally while staying close to the bone.
The extensor digitorum brevis (EDB) muscle belly crosses from lateral to medial at the
proximal end of the second TMT was retracted medially, thus protecting the neurovascular
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bundle without formal identification. For assessment of the third TMT, a lateral interval
was developed between the third and fourth tendon slips of the extensor digitorum longus
(EDL). The joint capsules for the first through third TMTs were incised sharply in a longitu-
dinal manner, to bone and subperiosteally elevated to expose the cartilage of the respective
joints. For visualization of the joint space, a Hintermann pin distractor was utilized. The
joint and all visible cartilage was prepared for arthrodesis with curettes and osteotomes.

Figure 1. (A,B) Medial incision for standard approach. (C,D) Lateral incision for standard approach.

Figure 2. (A–C) Medial exposure for modified dorsal approach. (D) Lateral exposure for modified
dorsal approach.

2.3. Articular Preparation, Imaging, and Statistical Analysis

Articular preparation was performed by two fellowship trained foot and ankle sur-
geons. When one surgeon completed joint preparation on a specimen, the other surgeon
reviewed the preparation and only after agreement of both surgeons on the adequacy of
joint preparation was the specimen disarticulated for analysis. Photographs of the articular
surfaces were obtained with a high-resolution digital mirrorless camera. All photographs
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included a scientific ruler used for scale in the plane of the joint surface being captured.
Digital photographs were imported into ImageJ software (Wayne Rasband, National Insti-
tutes of Health, Bethesda, MD, USA) for assessment of total joint surface area prepared.
All image analysis was completed on 4 K resolution monitors by two blinded reviewers.
Reviewers first measured the total articular area and then measured the area of the joint
surface that was denuded for the base of the metatarsals and each cuneiform. (Figure 3).
The results of the two reviewers were averaged for statistical analysis.

Figure 3. Representative image of ImageJ analysis of the TMT joint area prepared (blue line represents
total joint surface with yellow indicating area prepared) (for interpretation of the references to color
in the figure legend, the reader is referred to the web version of this article).

2.4. Statistical Analysis

Categorical variables (sex and laterality) were compared using Fisher’s exact tests,
while Mann–Whitney U tests were used for non-parametric comparisons between groups
(surface area prepared, age, and BMI). An intraclass correlation was used to assess for
reliability of measurements between the two blinded ImageJ reviewers. Statistical analysis
was run using IBM SPSS Statistics for Macintosh, version 27 (IBM Corp., Armonk, NY,
USA). Statistical significance was designated at p < 0.05.

3. Results

A total of five male and five female specimens with an average age of 71.3 ± 10.1
were utilized for analysis. The specimens were randomly assigned to each approach.
The intraclass correlation coefficient showed excellent agreement in joint preparation
measurement between the two reviewers (k = 0.961 p = < 0.001). There was no significant
difference in the amount of joint prepared when comparing the standard versus modified
dorsal approach for TMT joints one through three (p = 0.548, p = 0.310, p = 0.548). Patient
variables such as age, sex, BMI, and laterality did not have a significant impact on the
amount of joint prepared between the two approaches (p = 0.548, p = 1.0. p = 0.206 and
p = 0.421, respectively).

The percentage of joint preparation utilizing the standard dorsal approach versus
the modified dorsal approach for TMT joints one through three is as follows (percentages
utilized are listed as the median value with its correlating range): First TMT-67.6% (±13%)
by the standard approach versus 71.7% (±4.5%) by the modified dorsal approach, second
TMT-67.9% (±12%) versus 65.7% (±6%), and third TMT- 65.9% (±21%) versus 59.6%
(±12%) (Table 1).
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Table 1. Summarized results and comparison of operative approaches.

Approach
Median Percent of the

1st TMT Joint
Surface Prepared

p-Value
Median Percent of the

2nd TMT Joint
Surface Prepared

p-Value
Median Percent of the

3rd TMT Joint
Surface Prepared

p-Value

Standard (two incision) 67.60% 0.548 67.90% 0.31 65.90% 0.548
Modified Dorsal

(one incision) 71.70% 65.70% 59.60%

4. Discussion

In the setting of midfoot injuries, many patients suffer long-term consequences with
ligamentous disruption and Lisfranc fracture dislocation and their repair, leading to chronic
pain, arthritis, and lasting instability [9]. Many options exist for treatment, but the current
literature seems to favor the open reduction internal fixation of Lisfranc injuries due to
improved short- and medium-term follow-up pain scores [4,9,10]. Despite this, some
studies have shown decreased re-operations with a primary arthrodesis, and in some
patients, this may be the best option for patient treatment compared to the traditional
ORIF [8,11]. We sought to understand the difference between the modified dorsal approach
and the standard approach for the arthrodesis treatment of Lisfranc injuries. Based on this
study, we did not find a significant difference between the cadaveric preparations of the
first through third TMT joints via a traditional two-incision approach versus a dorsal single-
incision approach. Both approaches provided similar exposure and similar visualization of
TMT surface area with 69% average surface prepared in the standard approach and 66.1%
in the modified dorsal approach.

Surgical management of Lisfranc injuries is challenging due of the small soft tissue
space. A study in 1909, not performed by Dr. Lisfranc, was the first to describe these
injuries [12]. A systematic review describes the relevant concepts for the treatment of
Lisfranc joint injury including significant disability as a result of post-traumatic arthritis [4].
Current recommendations favor the ORIF approach to fixation of these injuries due to
quicker recovery and better outcomes [13–15]. Due to the screw construct, however, there
are fears over early mobilization as this may lead to loosening and loss of fixation in these
patients [16]. Alberta et al. even suggests that this screw fixation may lead to further
articular damage, potentiating future arthritic pain [16]. In response to this, there has been
some research into dorsal plating and fusion of the TMT which provides better mechanical
construct in one cadaveric model [17]. In the recent literature, there has also been a push
for arthrodesis as the primary option rather than a secondary option for patients with
continual pain after primary fixation [11]. In a study by Henning et al., it was shown that
patients with a primary arthrodesis had similar mobility as ORIF but decreased rates of
reoperation after arthrodesis [11].

Despite different options for fixation, the standard two-incision approach to the TMT
joint has remained consistent until the introduction of a single-incision dorsal approach [7].
The two-incision approach is the current standard for both ORIF and for arthrodesis, but the
modified dorsal approach in the management of Lisfranc injuries has been hypothesized
to have similar exposure to the TMT joint space for preparation [7]. Compared to the
dual-incision technique, the single-incision technique may help decrease damage to the
soft tissue, decrease the risk for wound infection/dehiscence, and decrease the risk of
avascular necrosis.

Though the initial work by Philipott et al. suggests the single-incision approach is
viable, it is primarily focused on using this approach for an ORIF and as such did not
evaluate surface area exposed, an important parameter when considering arthrodesis.
A full literature review revealed no previous studies that measured the percent of joint
space preparation at the TMT joint comparing a modified dorsal approach to a dual-
incision approach. Previously some investigation on TMT joint preparation was conducted
regarding the osteotome approach to a saw approach to the first TMT [18]. Another
study also investigated radiographic assessment of first tarsometatarsal joint shape and
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orientation [19]. To continue our study of this important topic, we used this cadaver study
to measure the precise amount of joint surface preparation using the modified dorsal
approach in comparison to the standard dual-excision approach with skin bridges. This
study further confirmed this notion, adding credibility backed by data to those set forth by
Philipott et al.

With our findings, we demonstrate that a modified dorsal approach with a single
incision did not limit the ability to prepare the joint space. We found high levels of
joint space preparation using the modified dorsal approach supporting the use of this
technique. Given this finding, we can see many benefits to the single-incision approach
compared to the dual-incision. When making two incisions, soft-tissue complications can
arise due to the narrow skin bridges created. Of the complications noted in the systematic
review by Moracia et al., 0% to 9% of patients developed a superficial infection and 0%
to 13% experienced a delay in the healing of the surgical wound [20,21]. Additionally,
multiple cadaveric studies have demonstrated significant variability in the anatomy of the
neurovascular bundle of the dorsal foot, increasing likelihood of injury with increasing
number of incisions [22–24]. With a single-incision approach, some of this risk can be
avoided by minimizing our dissections. With this, however, additional clinical studies can
measure clinical outcomes including soft tissue complications, nonunion, malunion, and
the need for reoperation to determine the clinical utility in varied settings.

There are some limitations that must be considered when looking at this study. First,
this study measured joint surface preparation which could be affected by the surgeon skill
and technique. To combat this, the same two surgeons preformed both groups. Additionally,
being a cadaveric study, tissue structure and maneuverability may not be the same as living
patient tissue. With this being a cadaveric model, we also lack important follow up to
assess patient outcomes after procedure.

More research is needed to determine the effect of the modified dorsal approach in
TMT fusion or fixation. Our study showed important findings related to the specific amount
of joint surface preparation possible with two different approaches. Our findings support
the hypothesis of Philpott et al. that a modified dorsal approach is a reasonable alternative
to the classic two-incision surgical approach to the Lisfranc joint. Additional research will
contribute to the ongoing question about safe and effective techniques for state-of-the-art
surgery in the foot and ankle.
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