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Literature Review: Implementing Trephine Arthrodesis  
in the Foot and Ankle 

 
Nassim Tabrizi, B.S. 

 
ABSTRACT 

Trephine arthrodesis, also known as dowel graft ar-
throdesis, is an in-situ technique for accomplishing 
bony fusion without performing a traditional complete 
joint resection. First described 70 years ago for the fu-
sion of vertebral articular facets, trephines have since 
been used for many procedures, including bone graft 
harvesting, bone biopsy, and tendon transplantation. 
Trephine arthrodesis eliminates the concerns associated 
with traditional joint resection, such as inadequate joint 
preparation, shortening of fused rays, fixation require-
ment, and increased risk of soft tissue injury due to pro-
longed retraction. Despite these advantages, trephine 
arthrodesis is only indicated for bony fusions that do not 
require deformity correction. While there is reported 
success with trephine fusion in various joints of the foot 
and ankle, there is increased evidence in the literature 
supporting trephine-guided fusion of the tarsometatar-
sal joints. 
 
INTRODUCTION 

When deciding between traditional joint resection 
and trephine arthrodesis, several factors, including joint 
type, should be considered. For example, planar joints 
requiring no deformity correction are more amenable to 
trephine arthrodesis compared to more complex joints.1 
Advantages of trephine arthrodesis include elimination 
of inadequate joint preparation, minimal soft tissue dis-
ruption, minimal shortening of fusion segments, inher-
ently stable fusion site, and reduction of operative 
time.3 Traditional joint resection, with its difficult prep-
aration of the plantar aspect of the joint, may result in a 
sagittal plane deformity.1 Disadvantages of trephine ar-
throdesis include the requirement for appropriately 
sized trephines, difficulty in accurately assessing post-
operative radiographs, and inability to reduce signifi-
cant joint deformity or malalignment.1–3 

 
TECHNIQUE PRINCIPLES 

Trephines are cylindrical-shaped metal blades 
used to core out bone plugs and are available as both 

hand and power tools. Selection of proper trephine 
size is based on the need to resect both articular carti-
lage and underlying subchondral bone while maintain-
ing the outer confines of the joint. The plantar cortex 
and ligaments should be preserved to allow packing of 
the graft and to prevent subsiding of the graft.3 There 
are no established sizing guides present in the litera-
ture, but a study has demonstrated average joint depth 
and cortical thickness.4 Measurements may be per-
formed preoperatively on radiographs or intraopera-
tively. Several authors propose using a larger trephine 
when harvesting the autogenous graft.3,5,6 In other 
words, the outer diameter of the trephine used for pre-
paring the desired joint must be equal to the inner di-
ameter of the trephine used for harvesting the dowel 
graft. Although the graft is press-fit into the fusion 
site, fixation is still recommended.2,3 Trephine ar-
throdesis has also been implemented without the use 
of supplemental grafting by taking the in-situ trephine 
plug at the fusion site and simply rotating it 90˚.3  
 
GRAFT SELECTION 
 
Autogenous vs. Allogenic 

The ideal bone graft has osteoconductive proper-
ties to serve as scaffolds for bone growth, osteogenic 
properties to aid in differentiation of stem cells into os-
teoblasts, and osteoinductive properties to induce bone 
formation through various growth factors. Allogenic 
bone grafts are osteoconductive, lack living cells, and 
provide limited osteoinductive properties.7 Autogenous 
bone grafts have all three properties but come with the 
added risk of donor site morbidity. Mahan and Hill-
strom studied 300 bone grafts in foot and ankle surger-
ies in 1998 and found that there was no difference in the 
overall success rates of allogenic versus autogenous 
bone grafts.8 While processing and freeze-drying re-
duce immunogenicity, they also reduce mechanical 
strength and osteoinductive qualities of allogenic 
grafts.7 
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Iliac Crest vs. Calcaneus Donor Site 
Harvesting can occur in the iliac crest, proximal or 

distal tibia, and calcaneus.2 Studies involving trephine 
arthrodesis most often use the calcaneus and iliac crest 
as sites for autogenous bone grafts. While the iliac crest 
bone graft provides abundant cortical and cancellous 
bone, it requires more time and resources. Goulet et al. 
reported a high percentage of pain postoperatively as-
sociated with iliac crest harvesting.7 Thirty-eight per-
cent of patients had donor site pain at the 6-month fol-
low-up, and 18% continued to experience pain at the 2-
year follow-up. For purposes of forefoot and midfoot 
trephine arthrodesis, however, calcaneal bone supply is 
sufficient and is accompanied only by mild complica-
tions.  

In contrast to the iliac crest donor site, calcaneal 
harvesting does not require a separate anesthesia block 
or preparation of a different operative field.9 Biddinger 
et al. described their method for harvesting bicortical 
calcaneal bone graft in 1998 and concluded that three 
distinct bone plugs could be safely retrieved from the 
calcaneal tuberosity without anatomical disruption.9 

Roukis et al. described their techniques in 2008 for har-
vesting unicortical calcaneal bone graft, explaining that 
additional bone could be retrieved through the same in-
itial hole at different angles, reducing structural injury 
and stress to the lateral aspect of the calcaneus.10 Fol-
lowing either technique, an osseous void in the calca-
neus will fill in spontaneously over time.9 

 
OUTCOMES 

In 2006, Filiatrault and Banks published a 12-year 
retrospective study on trephine arthrodesis of 22 joints, 
including 12 medial tarsometatarsal joints (TMTJ), 3 
naviculocuneiform joints (NCJ), 6 subtalar joints (STJ), 
and 1 ankle joint (AJ).3 They initially used calcaneal or 
distal tibial autografts but later transitioned to freeze-
dried allografts after witnessing comparable success. 
When fusing the first TMTJ, they performed the tre-
phine arthrodesis using a medial to lateral approach. All 
22 joints were successfully fused with the exception of 
one failure at the STJ with allogenic bone graft. Suc-
cessful fusion was defined as radiographic bony trabec-
ulation across the joint with alleviation of pain. 

In 1993, Teasdall et al. published three case studies 
on the use of autogenous iliac crest bone graft with 
100% fusion success.5 In the first case, they used the 
trephine arthrodesis technique for the correction of hal-
lux abductovalgus deformity by successfully fusing the 
first TMTJ with partially threaded cancellous screws in 
a dorsal to plantar approach. This was in contrast to the 
medial to lateral approach performed by Filliatrault and 
Banks.3 It is important to note that deformity correction 
was not obtained through the trephine arthrodesis itself 
but rather through prior removal of the medial emi-
nence of the metatarsal head, screw compression across 

the first and second metatarsal bases, and adjunctive 
soft tissue procedures.5 In the second case, trephine ar-
throdesis was used for relief of arthritic pain secondary 
to prior Lisfranc fracture-dislocation. In addition to the 
first and second TMTJs, degenerative changes were 
also noted between the first and second metatarsals ba-
ses and between the medial and intermediate cunei-
forms. Therefore, five trephine plugs were used for the 
fusion of first and second TMTJs, first intercuneiform 
joint, and first intermetatarsal space. The joints were 
then fixated with crossed Steinmann pins. Due to distal 
displacement, the bone plug in the intermetatarsal space 
did not incorporate; however, this did not affect a satis-
factory outcome. The third case involved a fifth TMTJ 
fusion using crossed partially threaded cancellous 
screws for post-traumatic arthritis.  

In 1986, Johnson and Johnson published a three-
year retrospective study where they fused 48 joints in 
15 patients, with the second and third TMTJs being 
the most commonly fused.11 They used autogenous 
iliac bone crest graft with crossed Kirschner wire fixa-
tion, resulting in successful fusions in 10 out of 13 pa-
tients. Nine out of the 10 successful fusion patients re-
ported mild to no pain. Johnson and Johnson believed 
that it was more biomechanically stable to fuse the in-
termetatarsal and intercuneiform joints when fusing 
TMTJs, similar to the technique performed by Teas-
dall et al. in 1993. To date, there is no published litera-
ture directly comparing outcomes of TMTJ fusion 
alone versus with adjunct intermetatarsal and intercu-
neiform fusion. 

In 2014, Withey et al. reported a 100% success rate 
for the fusion of the second TMTJ using autogenous 
calcaneal bone graft with locking plate fixation, but this 
study neglected to address the sample size.12 More re-
cently in 2016, Downey et al. reported a case study on 
the successful fusion of the second and third TMTJs us-
ing cancellous allograft dowel plug with dorsal com-
pression claw plate.13 

Tarsometatarsal joints are not the only joints that 
have been successfully fused with trephine arthrodesis. 
In 1992, Ljung et al. used the trephine arthrodesis for 
the fusion of 19 talonavicular joints of 17 rheumatoid 
patients without fixed hindfoot deformities.6 The cylin-
drical dowels were either press-fit without fixation or 
fixated with staples. While successful bony fusion was 
obtained in 12 out of 19 feet, all 17 patients had com-
plete pain relief in the talonavicular joint. All 7 of the 
non-unions occurred in non-fixated joints, therefore the 
authors recommended the use of staple fixation for tre-
phine arthrodesis of the talonavicular joint. They con-
tributed failures without staple fixation to possible ro-
tational movement of the dowel graft. 
CONCLUSION 

Trephine arthrodesis has been shown to be a suc-
cessful technique for in-situ arthrodesis that does not 
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require deformity correction. Successful incorporation 
of both autograft and allograft dowel plugs have been 
reported, and the iliac crest and calcaneus have both 
shown to be suitable donor sites.1–13 However, to better 
compare the outcome of autografts and allografts in tre-
phine arthrodesis additional studies are needed. Suc-
cessful arthrodesis has also been demonstrated using 
various fixation modalities including staples, screws, 
Steinmann pins, Kirschner wires, and plates, but the 
best fixation modality remains to be determined.1–

3,5,9,11–13 While an advantage of trephine arthrodesis is 
its inherent press-fit stability, minimal data is available 
comparing outcome of fixation versus no fixation in tre-
phine arthrodesis. While this review primarily focused 
on the application of trephine arthrodesis in the tarso-
metatarsal joint, this technique may also be applied in 
other joints of the foot and ankle. 
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Comparison of Surgical Techniques in Posterior Malleolar 
Fractures 

 
Samuel D. Caine, B.S., Joshua B. Millward, B.S. 

 
ABSTRACT 

A posterior malleolar fracture is a common seque-
lae of ankle fractures. The majority of posterior malle-
olar fractures involve an avulsion of the posterior mal-
leolus with the posterior inferior tibiofibular ligament 
intact. Fixation of this fragment has been reported to 
restore the integrity of the ankle and the stability of the 
syndesmosis, while improving functional outcome. 
With the patient lying prone there is better visualiza-
tion and fixation using posterior-to-anterior lag screws 
which provides statistically higher reduction of the 
posterior malleolar fragment. There is lack of consen-
sus regarding the method in stabilizing the syndesmo-
sis with a posterior malleolar fragment. This article re-
views posterior malleolar anatomy, mechanism of in-
jury, posterior malleolar fracture fixation technique, 
and methods of restoring syndesmotic stability.  

 
INTRODUCTION 

Of all ankle fractures, 14–44% involve a fracture 
of the distal posterior aspect of the tibia, also called 
the posterior malleolus (PM).1 In rotational fracture 
patterns, the PM can be avulsed. When considering 
how or when to fixate this fracture pattern, a physician 
should utilize diagnostic imaging to determine the 
proper fixation technique.  

With advanced imaging, a physician can better 
appreciate the amount of articular involvement and 
measure the amount of displacement of the PM frag-
ment. According to Verhage and colleagues, the frag-
ment “step-off”, or incongruous articular surface, is an 
important indicator for functional outcome and devel-
oping post-traumatic osteoarthritis.2 If the physician 
has determined that there is an extensive amount of 
“step-off” present, the approach for surgical fixation 
must be determined next. Verhage argues that an open 
posterolateral approach rather than a percutaneous an-
terior-to-posterior fixation results in superior fixation 
of the PM. However, more prospective studies are 
needed to confirm this notion. Furthermore, these 
static images do not clearly demonstrate the extent of 
damage to the syndesmosis. Some argue that fixation 

of an avulsed PM alone is sufficient to restore syndes-
motic stability, while others suggest repairing the syn-
desmosis with a trans-syndesmotic screw is required. 

Ultimately, the decision and procedure to fixate a 
PM fracture is dependent on radiographic and in-
traoperative findings. The objective of this review is to 
discuss the mechanism of injury associated with ankle 
fractures involving a PM component, and the fixation 
techniques to reduce the fracture and restore syndes-
motic stability. 

 
MECHANISM OF INJURY 

The mechanism for PM fracture is described 
within the Lauge-Hansen classification, which is based 
on foot position and direction of force of stress applied 
during injury.3 When an extrinsic force causing exter-
nal rotation of the leg acts on a supinated or pronated 
foot, the order of which bones or ligaments fracture or 
tear is predictable in a circular pattern. A supination-
external rotation (SER) injury starts with failure of the 
anterior inferior tibiofibular ligament (AITFL) and 
continues laterally and posteriorly in a clockwise fash-
ion, while in a pronation-external rotation (PER) in-
jury, the medial malleolus or deltoid ligament is first 
to fail and continues anteriorly and laterally in a clock-
wise fashion. When the fracture pattern reaches the 
posterior aspect of the ankle, the PM can be involved, 
as seen in SER III, SER IV, and PER IV type injuries. 
The PM can be fractured in many different patterns 
depending on the mechanism of injury. In a study re-
viewing 57 patients using computed tomography (CT), 
Haraguchi et al. found that 67% of the PM fractures 
included a posterolateral avulsion of the tibia, known 
as the Volkmann fragment or type 1 Haraguchi, which 
enters the incisura.4 Type 2 Haraguchi is a medial ex-
tension type with fracture exiting posteromedially 
(19% of fractures) and type 3 Haraguchi fractures are 
small shelf-type which is a fracture with a thin shell of 
bone (14% of fractures). Both type 2 and 3 do not en-
ter the incisura.  

The posterior inferior tibiofibular ligament 
(PITFL), located at the distal tibiofibular articulation, 
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makes up 42% of the strength of the syndesmosis.5 
Thus, when the Volkmann fragment is avulsed there is 
an apparent syndesmotic instability.6 Joint instability 
occurs when there is less contact area between the 
tibia, fibula, and talus, causing excessive stress on the 
area that remains coapted. According to Hartford et 
al., when the PM fracture is displaced and the fracture 
line involves 33% or more of the joint, there is a sig-
nificant decrease in contact area between the bones of 
the joint.7 With this fracture pattern, the unstable ankle 
joint requires surgical intervention to establish ana-
tomic reduction and prevent post-traumatic arthritis. 
The Volkmann fragment is surgically fixed if there is 
greater than 2 mm displacement of the intra-articular 
fragment or if there is >25–33% joint involvement; 
however, fragment size has been controversial.8 It may 
be difficult to ascertain the amount of joint involve-
ment in PM fractures on a simple lateral radiograph, in 
which case, a CT scan can be ordered for better visual-
ization of the fracture pattern. According to Harper et 
al., there is presence of a distal syndesmotic injury 
when the tibial and fibular overlap is less than 6 mm 
on an anteroposterior and mortise view of the ankle.9 
 
POSTERIOR MALLEOLAR FRACTURE 
FIXATION 

Open reduction and internal fixation (ORIF) of a 
PM fracture may be performed using various tech-
niques, including direct visualization of the fragment 
or indirectly without visualization. Direct reduction 
occurs from a posterolateral or posteromedial incision 
while indirect occurs from directing screws percutane-
ously from an anterior-to-posterior (A-P) or posterior-
to-anterior (P-A) approach. In either procedure, tem-
porary fixation is initially accomplished using 
Kirschner wires (K-wires) or bone forceps. Once the 
fracture is adequately reduced as seen with intraopera-
tive imaging, definitive fixation is needed. 

In the posterolateral approach, the patient can be 
in a prone or in a lateral position. With superficial dis-
section, meticulous care is required to protect the sural 
nerve and lesser saphenous vein. Before attention is 
given to the PM, the fibular fracture is often reduced 
first and the stability of the surrounding structures can 
be reestablished via the Vassal principle with liga-
mentotaxis of the PITFL attachment to the PM frac-
ture.6 If the talocrural joint is congruous and stable, the 
surgeon may decide that no further internal fixation is 
needed. However, if unstable, the PM is then exposed 
between the flexor hallucis longus and peroneal longus 
tendons while preserving the PITFL. The fragment can 
be reduced using one or more 4.0 mm cannulated 
screws. When the PM fracture is comminuted, a one-
third tubular plate can be used in a buttress fashion. If 
there is minimal to no comminution, an anti-glide 
plate with a “trick screw,” the first screw placed in a 

plate just proximal to the fracture line, can be used to 
prevent the fragment from superior displacement. Er-
dem and colleagues used the posterolateral approach 
and repaired PM fractures in 40 different patients; 20 
were fixed with lag screws and 20 with buttress 
plates.10 Full union was noted in 38 out of 40 patients 
with one patient in each group having radiographic ev-
idence of loss of reduction and a step off. The buttress 
plates and screw fixation achieved a mean American 
Orthopedic Foot and Ankle Score (AOFAS) score of 
94.1 (p>0.05) regardless of the type of fixation. 

In the percutaneous A-P approach, the patient can 
be in the supine position. When the fragment is ana-
tomically positioned, one or two 4.0 mm cannulated 
lag screws can be placed using standard Arbeitsge-
meinschaft für Osteosynthesefragen (AO) principles. 
The direct posterolateral approach and indirect A-P 
approach have been compared by Shi and col-
leagues.11 In their study of 116 patients, quality of re-
duction was statistically greater in direct reduction 
(p=0.038), and AOFAS median score for direct reduc-
tion and indirect reduction was 87 and 80, respectively 
(p=0.034), by a 20-month follow-up. There was no 
significance in comparing results using the Visual An-
alog Scale (VAS) or ankle range of motion (ROM), 
however results demonstrated a tendency for a greater 
restriction with dorsiflexion in the indirect approach. 
Xu and colleagues compared 102 patients who re-
ceived either A-P or P-A fixation and found no statisti-
cal difference in occurrence of arthritis, AOFAS 
scores, and VAS scores at rest, weight-bearing, or with 
activity.12 However, Vidovic and colleagues found 
there was a significantly higher quality of reduction in 
the P-A group compared with the A-P group (p=0.04) 
with excellent reduction achieved in 79.2% using P-A 
compared to 45.5% using A-P.13 The AO principle of 
anatomic reduction should provide the greatest argu-
ment for a P-A approach, but more long-term prospec-
tive studies are required to validate these results. 

 
SYNDESMOTIC FIXATION 

As part of the sequelae in rotational ankle frac-
tures, the distal syndesmosis is disrupted; there has 
been some debate regarding to the necessity of syndes-
motic repair. Syndesmotic instability in patients with 
ankle injuries cannot be ruled out with radiographic 
evidence of distal tibiofibular diastasis. Administering 
an external rotation manual stress test or a gravity 
stress test to the ankle joint under fluoroscopy can de-
termine the integrity of the syndesmosis. Greater than 
2 mm displacement in the tibiofibular clear space with 
a stress test has a high correlation to syndesmotic in-
jury. However, because there is variability in clear 
space between the tibia and fibula from patient to pa-
tient, a higher rate of syndesmotic repairs may be per-
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formed than warranted due to using this measure-
ment.14 Furthermore, because the PITFL makes up the 
greatest strength to the syndesmosis, it has been sug-
gested that fixation of the Volkmann fragment will 
stabilize the syndesmosis without the need of trans-
syndesmotic fixation.6  

Cadaveric studies demonstrated a 70% restored 
stiffness after fixation of the PM, and only 40% after 
syndesmosis stabilization.15 Goetz and colleagues 
compared syndesmotic stability in cadavers with syn-
desmoses that were intact to those fixed using suture 
buttons and flexible fixation and to those repaired with 
screws to those that had deep deltoid ligament re-
pairs.16 They found that repairing the syndesmosis 
with a suture button or a flexible trans-syndesmotic 
fixation device allowed for significantly more motion 
in the ankle mortise compared to an intact syndesmo-
sis (p=0.005). When screw fixation or deep deltoid lig-
ament repairs were added to the suture button and 
flexible trans-syndesmotic device, motion in the axial 
and sagittal planes were significantly reduced to levels 
close to that of an intact syndesmosis (p=0.002). In a 
study by Miller and colleagues, 151 patients who un-
derwent direct fixation of the PM were evaluated for 
syndesmotic stability.17 Using live fluoroscopy, 97.9% 
of these patients had restored syndesmotic stability in-
traoperatively. Mak and colleagues concluded that 
trans-syndesmotic screws without fixation of the PM 
are often associated with ankle joint malreduction and 
subsequent clinical problems.18  

Nevertheless, many surgeons elect to fixate the 
syndesmosis either alone or in combination with PM 
fixation. Levack and colleagues compared trans-syn-
desmotic screw fixation, anatomic fixation alone, and 
combined technique in a prospective study with 295 
rotational ankle fractures.19 There was no statistical 
significance in Foot and Ankle Outcome Score be-
tween the three groups. However, 80.2% of patients 
with trans-syndesmotic screw fixation underwent 
hardware removal compared to 42.6% of patients 
without trans-syndesmotic screws that underwent ana-
tomic fixation (p<0.001). Miller et al. retrospectively 
evaluated syndesmotic stability of 198 patients who 
had ORIF of PM fractures.17 Operations in the supine 
position were performed in 151 patients, 41 of which 
were found to have instability of the syndesmosis that 
required fixation. The authors concluded that of 47 pa-
tients who were in the prone position, 46 had regained 
syndesmotic stability after the PM was fixed. They 
found this to be in significant contrast with the rate of 
those who had instability in the supine group 
(p<0.001). However, the fragment height, width, and 
percent of the tibial plafond involved of the supine 
group were significantly larger than that of the  
fragment of the prone group (p<0.001).15 

An alternative approach for syndesmotic injuries 
has been described by Xian et al. using Elastic Syn-
desmosis Hook Plate Fixation (ESHP). 20 They com-
pared ESHP to routine screw fixation in 25 patients. 
Malreduction, loss of reduction, and VAS score were 
all found to be insignificant between both groups. 
Those treated with ESHP returned to work in 7.31 
months as compared to 9.25 months in the routine 
screw fixation (p<0.05). The ESHP also had greater 
plantarflexion ROM at 35.15º as compared to 30.25º 
(p=0.04). They argued the ESHP fixation construct is 
a viable option for fixing syndesmotic instability while 
retaining the physiologic micromotion function of the 
syndesmosis. However, authors did not describe the 
fixation of different fracture patterns and only men-
tioned that fixation of the distal tibial fractures were 
first fixed using screws or plates. It is unclear if this 
novel approach could be used on its own without di-
rectly fixating the PM fracture. 

 
CONCLUSION 

In selecting an approach and procedure to treat 
PM fractures and syndesmotic injury, the effective-
ness, anticipated outcome, and potential difficulties in-
traoperatively and postoperatively should be consid-
ered. The A-P approach provides a simple and mini-
mally invasive method to reduce the PM fracture as 
fixation can be achieved percutaneously. This ap-
proach also allows for a simpler supine position of the 
patient intraoperatively and may provide safer access 
for anesthesia. However, when the patient is supine, 
the fracture cannot be directly visualized making ade-
quate reduction of the fragment difficult. The quality 
of reduction is significantly higher in the P-A ap-
proach (p=0.038), although the differences in VAS 
and AOFAS scores have been reported to be insignifi-
cant (p=0.419).11 Furthermore, fixation using a lag 
screw or plate provides similar outcomes with an in-
significant difference in AOFAS scores (p>0.05).10 
While the ESHP fixation is a novel and promising ap-
proach, there has yet to be a long-term study proving 
the longevity and reliability of such a plate.  

Further research with larger study populations 
over a longer follow-up comparing direct and indirect 
fixation will help determine if one approach is better 
than another. Additional research regarding the use 
and types of direct fixation and the incidence of arthri-
tis in the years following reduction will also help pro-
viders with a decision on surgical intervention in the 
future. With new advancements in technology and de-
sign of new hardware and fixation modalities, more 
options will become available and improve the out-
come in these patients. Although there is no consensus 
on fixation of the PM fracture, the determination of 
which surgical approach to be used must consider not 
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only anatomical integrity but also the patient’s comor-
bidities.  

Two approaches to the fixation of the PM frac-
tures are taken. First in determining the reduction and 
fixation performed – determine the presence of a mal-
reduction, AOFAS and VAS scores, and the incidence 
of arthritis. The second regarding the stability of the 
syndesmosis after reduction and fixation. Research in-
vestigating the rate of arthritis, AOFAS and VAS 
scores, and malreduction combined with the rate of 
syndesmotic stability after reduction and whether syn-
desmotic fixation was required should be pursued.  

One point not discussed in this literature review is 
regarding fixation techniques for PM fractures that are 
not the typical type one Haraguchi involving the 
Volkmann avulsion fracture. The surgical options for 
type two or type three Haraguchi PM fractures re-
mains unclear. However, we hypothesize that without 
direct involvement of the PITFL as seen in the type 
one Haraguchi fracture pattern, the need for syndes-
motic fixation may be lessened with non-avulsion type 
fracture patterns. Nevertheless, a thorough investiga-
tion and determining the syndesmotic stability in-
traoperatively is required for determining a surgical 
approach involving trans-syndesmotic fixation. 
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ABSTRACT 

Injury to the Lisfranc joint complex, secondary to 
excessive plantarflexion of the tarsometatarsal joints, 
may affect both osseous and ligamentous structures. A 
common injury is a tear of the medial and central col-
umn ligaments causing a diastasis between the second 
metatarsal base and medial cuneiform. Open reduction 
internal fixation (ORIF) of this joint space is the current 
accepted method of treatment, however certain condi-
tions warrant primary arthrodesis (PA) of the medial 
and central columns. Patients who undergo ORIF may 
experience degenerative joint disease of the involved 
tarsometatarsal joints. Because PA has fewer long-term 
complications, it is now considered to be the preferred 
treatment for purely ligamentous Lisfranc injuries 
while ORIF is now performed for osseoligamentous in-
juries. Arthrodesis is considered to be a salvage proce-
dure and has a decreased risk for secondary surgery as 
compared to ORIF. 
 
INTRODUCTION 

The Lisfranc joint was first described by French 
army surgeon Jacques Lisfranc de Saint-Martin as the 
location for disarticulating the midfoot from the fore-
foot during an amputation.1 The joint involves articula-
tions between all the metatarsals, their respective cunei-
forms, and the cuboid.1–4 The Lisfranc joint is com-
monly injured by an indirect force, causing excessive 
plantarflexion and abduction of the forefoot, which re-
sults in a dorsal, lateral, or dorsolateral displacement of 
the forefoot on the midfoot.1,5 Diastasis between the 
first and second metatarsals, avulsion of the second 
metatarsal base (fleck sign), and misalignment of the 
forefoot on the midfoot/rearfoot may be seen on radio-
graphs. Due to the mechanism of injury and resulting 
pressure on misaligned bones, there may also be asso-
ciated fractures of the cuneiforms, navicular, or cuboid.  

The goal of treatment for a Lisfranc injury is to re-
align the joint with either closed or open reduction, or 
primary arthrodesis (PA). While open reduction inter-
nal fixation (ORIF) is generally the accepted method of 
treatment, PA, with a decreased long-term complication 

rate and reduced need for hardware removal, has be-
come a popular alternative procedure. Secondary ar-
throdesis may be used as a salvage procedure for failed 
ORIF or severe post-traumatic arthritis.3 This literature 
reviews the Lisfranc joint anatomy, and compares and 
contrasts the surgical outcomes for performing an ORIF 
and PA after a Lisfranc joint injury. 

 

ANATOMY OF THE LISFRANC JOINT 
The Lisfranc joint is an osseous and ligamentous 

joint complex with three separate articular capsules, di-
viding the joint into medial, central, and lateral col-
umns.1–4 The medial column includes the first tarsomet-
atarsal joint (TMTJ) and the articulation between the 
navicular and medial cuneiform; the central column in-
cludes the second and third TMTJs and articulations be-
tween the navicular, intermediate, and lateral cunei-
forms; the lateral column includes the fourth and fifth 
TMTJs. The articulation between the first, second, and 
third metatarsal bases and their corresponding cunei-
forms form a trapezoidal shaped arch contributing to 
the inherently stable quality of this joint. The distinct 
shape of this joint is key to supporting the transverse 
arch of the foot. 

Within the joint are three types of supportive tarso-
metatarsal ligaments: dorsal, plantar, and interosseous. 
Seven dorsal, five plantar, and eight interosseous liga-
ments have been identified in the Lisfranc joint com-
plex.4 The interosseous ligaments are located between 
the medial cuneiform and the base of the second meta-
tarsal (Lisfranc ligament), between all adjacent lesser 
metatarsals (intermetatarsal ligaments), and between 
adjacent cuneiforms (intercuneiform ligaments).4,6 Be-
cause the dorsal ligaments are anatomically weaker 
than the plantar ligaments, the forefoot is often dis-
placed dorsally during injury.1 The interosseous liga-
ments are the strongest of the three types, and the Lis-
franc ligament is the strongest of the Lisfranc joint com-
plex. The lack of an intermetatarsal ligament between 
the first and second metatarsals may be a potential rea-
son for injury in the area.2  

Surgery 
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The effect of injury is greater on the medial column 
because the lateral column has an increased range of 
motion in the sagittal and transverse planes. This may 
explain why painful, symptomatic lateral column insta-
bility is uncommon.2,3,5,7 
 
OPEN REDUCTION INTERNAL FIXATION 

Lisfranc injuries have previously been treated by 
non-operative and closed reduction internal fixation 
methods (CRIF). However, because joint reduction is 
often lost after CRIF, the gold standard is ORIF.8 Open 
reduction is performed by applying a plantarflexion and 
supination force on the forefoot and is completed by 
dorsiflexion and pronation.5 The newly aligned joint 
may be fixated with screws, plates, or Kirschner wires 
(K-wire) between the tarsometatarsal, intercuneiform, 
and intermetarsals.9,10 

In their systematic review, Stavlas et al. evaluated 
a total of 257 patients (11 studies) that underwent an 
ORIF within 3 weeks of a Lisfranc injury.9 Of all the 
injuries, 42.5% were purely ligamentous while 57.5% 
were osseoligamentous. Postoperatively, all patients 
were non-weightbearing in a splint or cast for an aver-
age of 8.1 weeks, and were followed for an average of 
43.9 months (range: 24–52 months). The average 
American Orthopedic Foot and Ankle Society 
(AOFAS) midfoot score, which evaluates functional 
outcome, was 75 out of 100 in 107 patients (5 studies) 
that underwent ORIF with screw fixation. The authors 
concluded that ORIF with screw fixation of the first, 
second, and third TMTJs with a possible K-wire fixa-
tion of the fourth and fifth TMTJs achieves the most 
stable fixation to manage either a purely ligamentous or 
osseoligamentous Lisfranc injury. 

Degenerative changes in the joint may be caused 
by direct trauma to the cartilage from injury or surgery, 
known as post-traumatic arthritis. ORIF of a misaligned 
Lisfranc joint is often fixed with a transarticular screw. 
Because this screw placement traverses the cartilage, 
the cartilage may be damaged, decreasing the intrinsic 
mobility of the joint. This further creates osteochondral 
defects, potentially leading to degenerative joint 
changes.2 

Stavlas et al. also states that the most frequent com-
plication was post-traumatic arthritis and was found in 
80 of 161 patients (49.6%).9 While their data shows that 
only 15 of 192 (7.8%) patients went on to have a sec-
ondary arthrodesis by the last follow-up, it is not evi-
dent how many symptomatic patients will require a sec-
ondary arthrodesis in the future. Furthermore, not every 
study in this systematic review reported if the injuries 
were purely ligamentous or osseoligamentous. The au-
thors were limited from making an accurate comparison 
of complications and success rates of reduction for 
these two injury types.  

In a retrospective study, Kuo et al. analyzed the 
outcomes and complications in 48 patients who under-
went an ORIF for either ligamentous or osseoligamen-
tous Lisfranc injuries, with a mean follow-up of 52 
months.10 Non-anatomical reduction in both ligamen-
tous and osseoligamentous groups was found to be a 
significant predictor for developing post-traumatic ar-
thritis (p=0.004). Compared to patients with osseoliga-
mentous injury, patients that had a purely ligamentous 
injury demonstrated a notable increase in postoperative 
degenerative changes; however, this finding was not 
statistically significant. Additionally, due to the small 
sample size, there remains a lack of consensus on 
whether ORIF has superior long-term outcomes for a 
purely ligamentous Lisfranc injury compared to PA. 
The author’s findings also suggest that the extent and 
mechanism of injury has a greater influence than the 
surgical procedure in the development of complica-
tions. 

Secondary surgery, especially hardware removal, 
is common after a ORIF of Lisfranc injury. Buda et al. 
compared the reoperation rate in 163 patients who un-
derwent an ORIF and 54 patients who underwent a PA 
for osseoligamentous or purely ligamentous Lisfranc 
injuries.11 The authors described a staged procedure in 
which planned hardware removal occurred between 3–
12 months. Although the reoperation rate excluding 
planned hardware removal was not statistically signifi-
cant (p=1) between both groups, the overall reoperation 
rate was 75.5% and 31.5% for ORIF and PA groups, 
respectively. More patients in the ORIF group com-
pared to the PA group experienced additional surgical 
intervention for post-traumatic arthritis (11 versus 0 pa-
tients) and unplanned hardware removal (33 versus 11 
patients).  

Patients may not prefer staged surgical interven-
tions and PA for Lisfranc injury may be a more appeal-
ing surgical method for decreasing the risk of reopera-
tion and for preventing degenerative changes.12 
 
PRIMARY ARTHRODESIS 

While ORIF was considered the standard proce-
dure for Lisfranc injuries, PA has been suggested for 
purely ligamentous injuries. PA, a joint destructive pro-
cedure, entails removing articular cartilage from the 
less essential medial and central columns, without dis-
rupting the lateral column joints to preserve functional-
ity and mobility. The medial and central columns are 
then anatomically reduced and fused with plates, 
screws, or staples, while the lateral column joints may 
be temporarily fixed with a K-wire, similar to the stand-
ard ORIF procedure.2 In clinical practice, secondary ar-
throdesis is often a last resort procedure after a failed 
ORIF.13  
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Due to the increased frequency of post-traumatic 
degeneration following an ORIF, it has been hypothe-
sized that a purely ligamentous Lisfranc injury should 
be managed with PA rather than ORIF.5 Postoperative 
joint functionality and the timeline for returning to ac-
tivity are often used to compare PA to ORIF, and re-
search has shown that PA is superior. Furthermore, the 
mean AOFAS midfoot score is higher following a PA 
than an ORIF (88.0 versus 72.5).14 In 2007, Ly and 
Coetzee compared PA and ORIF for purely ligamen-
tous Lisfranc injuries in a study of 41 patients, with a 
mean follow-up of 42.5 months. Patients in the PA and 
ORIF groups were able to return to activity at 92% and 
65% of their preinjury levels, respectively.15 Based on 
the faster return to activity, PA is preferred over ORIF 
for purely ligamentous injuries. This finding is con-
sistent with Kuo et al., that showed inferior outcomes 
with ORIF for purely ligamentous injuries.10 

In 2017, Cochran et al. compared ORIF (n=18) and 
PA (n=14) for low-energy Lisfranc injuries in 32 ac-
tive-duty military personnel with a 32-month follow-
up.13 Purely ligamentous injuries were present in 72% 
and 64% of patients in the ORIF and PA groups, respec-
tively. Secondary surgery for hardware removal oc-
curred in 83% in the ORIF group and 14% in the PA 
group. In terms of functionality, researchers also noted 
that the PA group had better fitness test scores after one 
year and returned to full military activity two months 
earlier than the ORIF patients (p=0.0066). While their 
results showed better functional outcomes for the PA 
group, researchers did not directly compare the out-
comes of ligamentous and osseoligamentous injuries. 

Mulier et al. compared the outcomes of ORIF in 16 
patients, partial PA (arthrodesis of first, second, and 
third TMTJs) in six patients, and complete PA (ar-
throdesis of all TMTJs) in six patients.16 The authors 
used the Baltimore Painful Foot System (PFS) and re-
ported good to excellent scores in 68% in the ORIF 
group, 66% in the partial PA group, and 33% in the 
complete PA group. While there was no significant dif-
ference in PFS scores between the partial PA and ORIF 
groups, 94% of patients in the ORIF group experienced 
degenerative joint changes. Furthermore, complex re-
gional pain syndrome was found in 33% of patients in 
the ORIF group, 0% in the partial PA group, and 50% 
of patients in the complete PA group, by a mean follow-
up time of 30.1-months. The rate of hardware removal 
is also substantially lower post-PA than post-ORIF. 

In their prospective randomized study, Henning et 
al. compared the functional outcome and complication 
rate in 14 patients who underwent an ORIF and 18 pa-
tients who underwent a PA, who were followed for an 
average of 24 months.17 The authors found that the rate 
of secondary surgery was statistically significant be-
tween both groups (p<0.5). Furthermore, when compar-

ing functional outcomes and satisfaction rates, meas-
ured by questionnaires, there was no statistically signif-
icant difference between the two groups. Their findings 
suggest that PA does not have superior outcomes over 
ORIF for Lisfranc injuries that are anatomically re-
duced. 

Overall, multiple studies concluded that both ORIF 
and PA for Lisfranc injury repair resulted in similar sat-
isfactory results, with some clinical and functional ad-
vantages of performing a PA. Biomechanically, athletes 
find it advantageous to have mobility in their medial 
and central columns, and PA is not often considered for 
the active population.13 A study measuring long-term 
functional outcomes of sedentary versus active patients 
who undergo a PA is warranted. There is currently a 
lack of consensus for electing to perform either an 
ORIF or PA for different injury types, extent of injury, 
and patient demographics. 
 
CONCLUSION 

Although not all patients are good candidates for a 
PA, PA should be considered in patients who have a 
purely ligamentous injury or a comminuted intra-artic-
ular fracture.15 According to Ly and Coetzee, PA 
should be avoided in patients with an open physes, mild 
to no displacement, unidirectional Lisfranc instability, 
or unstable extra-articular fracture of the metatarsal ba-
ses.  

With the high incidence of secondary surgery, 
there is still an ongoing debate as to the correct timing 
and patient demographics for hardware removal after an 
ORIF. Hardware removal hypothetically reinstates the 
TMTJ range of motion.17 However, in a purely liga-
mentous injury, postoperative hardware fixation may 
be necessary to keep the joint aligned long-term. Thus, 
removing hardware may increase the probability of fu-
ture biomechanical complications, including midfoot 
collapse, degenerative joint changes, and loss of ana-
tomical reduction leading to a necessity for secondary 
arthrodesis.15,17 With a purely ligamentous injury, an 
ORIF may not be a suitable treatment option. Although 
a PA is warranted in some cases, loss of motion in the 
TMTJs may lead to an overload of the adjacent joints in 
the midfoot.18 It is noted in many studies, hardware re-
moval is not considered to be a complication but rather 
a planned secondary surgery. Thus, the unplanned re-
operation rate post-ORIF is significantly decreased, 
making this a more viable option in osseoligamentous 
injuries.  

The current literature is lacking a direct compari-
son of outcomes between the two procedures for osse-
oligamentous and purely ligamentous injuries. Further 
prospective randomized controlled trials are needed to 
develop criteria that may help guide the decision to per-
form an ORIF or PA. 
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Treatment of Stage II Posterior Tibial Tendon Dysfunction 
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ABSTRACT 

Posterior tibial tendon dysfunction (PTTD) is a 
progressive ailment characterized by a loss of structure 
and function within the medial longitudinal arch. As 
the most common cause of adult-acquired flatfoot de-
formity (AAFD), PTTD causes a dynamic instability 
of the foot causing worsening disability in an afflicted 
patient. PTTD is classified into four stages of deform-
ity. Stage II PTTD often marks a transition to surgical 
options to prevent deformity progression. Despite 
studies demonstrating patient outcomes for stage II 
PTTD both conservatively and surgically, a compari-
son of the two has not been reported. Recently, adap-
tations to classic procedures for PTTD are more fre-
quent, but further peer-reviewed results are needed. 
Using the most specific PTTD classification systems 
may allow surgeons to better tailor procedures for each 
patient.  
 
INTRODUCTION 

Posterior tibial tendon dysfunction (PTTD) was 
described by Funk et al. in 1986.1 Johnson and Strom 
further classified the changes seen in PTTD in 1989, 
followed by Myerson adding a fourth stage in 1996.2,3 
Currently, PTTD is cited as the most common patho-
physiologic mechanism leading to adult-acquired flat 
foot deformity (AAFD); the two terms are used inter-
changably.3–8  

The effects of PTTD are a diminution of the me-
dial longitudinal arch with a gradual loss of posterior 
tibial tendon (PTT) strength.2,3,5 As the primary dy-
namic stabilizer of the foot, PTT tendinosis and elon-
gation leads to progressive flatfoot deformity.5 Pa-
tients with PTTD typically complain of medial ankle 
pain, and may have pathognomonic features such as 
failure of single heel raise and “too-many-toes” 
sign.2,3,6,7 Comparison of stage II conservative versus 
surgical treatment has not been well documented in the 

literature. Stage II represents a decision-making junc-
ture between conservative and surgical options.5,6 The 
purpose of this article is to contrast current measures 
for treating stage II PTTD.  
 
CLASSIFICATION OF STAGE II PTTD 

While stage I PTTD presents as tenosynovitis 
without deformity, stage II is identified by a flexible 
planovalgus deformity with a nonfunctional PTT. 1–10 
Stage III is associated with a rigid hindfoot valgus, and 
stage IV includes ankle valgus.2,3,5–7 Bluman et al. 
(2007) developed a more detailed classification sys-
tem for PTTD,5,6,8 which includes three substages of 
stage II AAFD based on forefoot changes (stages IIA-
C) and two additional substages of stage IIA (IIA1 and 
IIA2).6 The complete classification can be found in 
Table 1.8 All substages feature flexible hindfoot val-
gus clinically and a visible hindfoot valgus radio-
graphically.5,6,8 Stage IIA presents with PTT tender-
ness and pain, IIA1 a flexible forefoot varus, and IIA2 
a fixed forefoot varus (Table 2). On radiograph, stage 
IIA possesses new onset of Meary’s line disruption 
and loss of calcaneal pitch, stage IIB forefoot abduc-
tion and talonavicular uncovering, and IIC medial col-
umn instability and first ray dorsiflexion with hindfoot 
correction.  
 
Table 1. Further subcategorization of stage II AAFD, 
adapted with permission from Bluman et al. 2007.  
 

Stage II Substages Salient features 

A1 Flexible forefoot varus 

A2 Fixed forefoot varus 

B Forefoot abduction 

C Medial column instability 

 
 

Surgery 
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Table 2. Blumon and Myerson AAFD classification with recommended treatment. Adapted with permission from 
Guelfi et al. 2017. 
 

 
Abbreviations: PTT, posterior tibial tendon; HF, hindfoot; FDL, flexor digitorum longus; MCO, medial displacement 
calcaneal osteotomy; TTC, tibiotalocalcaneal 

 
Furthermore, stage II is accompanied by weak-

ness of plantarflexion, due to failure of the PTT.1–3,11,12 
Weinraub and Heilala used an algorithmic approach to 
classify PTTD to determine surgical intervention(s).13 
They categorized stage II deformity as tendinosis, and 
further graded stage II into A, B, and C levels as a lack 
of deformity, a reducible deformity, or a rigid deform-
ity, respectively. Surgical recommendations were 

based on this grading. Stage II emphasized debride-
ment, augmentation of stabilizers and/or FDL transfer 
or osseous operations for Grade A or B deformity, and 
arthrodesis and selective augmentation for Grade C 
deformity (Table 3).  

The overall goal of stage II treatment is avoiding 
advancement to a fixed deformity.9–11 By organizing 
the deformity along the entire foot, classification can 
assist a surgeon in preoperative planning. 

 
Table 3. Limited classification of stage II PTTD deformity with approach to surgical management. Adapted with 
permission from Weinraub et al. 2000.  

 

  

Stage Substage Clinical Findings Treatment 

I 

A Tenderness along PTT 
Conservative 

Tenosynovectomy 
 

B Tenderness along PTT 

C Tenderness along PTT 
Slight HF valgus (<5°) 

II 

A1 
± Pain along PTT 

HF valgus 
Flexible forefoot varus 

Orthoses 
MCO + FDL transfer ± Achilles tendon length-

ening 

A2 
± Pain along PTT 

HF valgus 
Fixed forefoot varus 

Orthoses 
MCO + FDL transfer 

Cotton osteotomy 

B HF valgus 
Forefoot abduction 

MCO + FDL transfer 
Lateral column lengthening 

C 

HF valgus 
Fixed forefoot varus 

Medial column instability 
1st ray dorsiflexion + HF correction 

Sinus tarsi pain 

MCO + FDL transfer 
Cotton osteotomy or medial column arthrodesis 

III 

A Rigid HF valgus 
Sinus tarsi pain Triple arthrodesis 

B 
Rigid HF valgus 
Sinus tarsi pain 

Forefoot abduction 

Triple arthrodesis 
Lateral column lengthening 

IV 
A Tibiotalar valgus Surgery for HF valgus 

Deltoid reconstruction 
B Rigid tibiotalar valgus TTC arthrodesis or pantalar arthrodesis 

Grade A Grade B Grade C 

Medial debridement 
Augmentation of static stabilizers 

FDL transfer vs. Kidner 

Medial debridement 
Augmentation of static stabilizers 

FDL transfer vs. Kidner 
Evans vs. MCO 

Selective arthrodesis 
Selective augmentation 



 
 

Volume 21, Page 19 

CONSERVATIVE INTERVENTIONS FOR 
STAGE II PTTD 

Early and appropriate conservative treatment is 
crucial in addressing symptoms and preventing its po-
tential long-term, disabling consequences.6,14 Geide-
man and Johnson emphasized that the general goals of 
conservative treatment should include the eliminating 
clinical symptoms, improvement of rearfoot alignment, 
and the prevention of progressive deformity.15 Accu-
rate, early diagnosis of stage IIA/B PTTD remains im-
portant to avoid the progression to a fixed deformity.16 
However, there is no consensus regarding when surgi-
cal treatment prevails over conservative treatment.17 
Past studies have proven that conservative treatment 
modalities for stage II PTTD such as the use of an an-
kle-foot orthosis (AFO), foot orthosis (FO), and a struc-
tured rehabilitation program consisting of graduated 
muscle-specific strength training present as viable and 
effective alternatives to surgery.9,10  

Lin et al. studied the results of treating stage II 
PTTD with a Double Upright Ankle Foot Orthosis 
(DUAFO) and determined the efficacy of this non-op-
erative treatment modality by using clinical outcome 
scores.9 In this retrospective study, patients with stage 
II PTTD treated with a DUAFO for a minimum of 
seven years, were identified and evaluated using vari-
ous outcome scores including the American Orthopae-
dic Foot and Ankle Score (AOFAS), Foot Function In-
dex (FFI), Visual Analog Scale (VAS) for pain, and a 
custom questionnaire. Thirty-two patients were fol-
lowed for an average of 8.6 years, with 69.7% of the 
patients reporting a successful outcome of both avoid-
ing surgery and being brace-free at the time of final fol-
low-up. Five patients went on to receive surgery and an 
additional five remained dependent on the brace for 
support. 

Similarly, Alvarez et al. reported on the non-oper-
ative management of stage I-II PTTD with a short, ar-
ticulated ankle-foot orthosis (SAAFO), a three-quarter 
length foot orthosis (FO), and the addition of a muscle-
strengthening rehabilitation regimen.10 Although previ-
ous studies reported on the efficacy of AFOs or FOs on 
the conservative management of stage II PTTD, none 
have discussed the implementation of a structured reha-
bilitation program. Alvarez et al. defines the combina-
tion of bracing and rehabilitation as a structured, non-
operative management protocol and suggests the use of 
both as an effective treatment modality for stage I-II 
PTTD. In this prospective study, a total of 47 patients 
with stage I-II PTTD were treated simultaneously with 
rehabilitation and a SAAFO or a FO. All patients were 
followed up for a minimum of one year. Success was 
defined as less than 10% strength deficit of PTT, ability 
to perform 50 single supported heel raises with minimal 
pain, ability to ambulate 100 feet on the toes with min-
imal pain, and ability to tolerate 200 repetitions of home 

exercises. Eighty-three percent of patients had success-
ful outcomes at one year, while 11% went on to require 
surgery. 

Although many studies address the conservative 
treatment of PTTD, there are very few studies specifi-
cally examining the efficacy of conservative treatment 
outcomes for stage II PTTD. While Lin et al. only in-
cluded patients with stage II PTTD, the study by Alva-
rez et al. fails to differentiate between stage I and II 
PTTD.9,10 Furthermore, there is still a lack of evidence 
that addresses the substages presented by Bluman et 
al.6,8 The studies by Lin and Alvarez confirmed that 
conservative treatment such as AFOs, FOs, and struc-
tured rehabilitation have the potential to reduce the pro-
gression of PTTD, but these authors failed to define the 
characteristics of those subjects who eventually failed 
conservative therapy. Furthermore, the studies address-
ing conservative treatment have had small sample sizes.  
 
SURGICAL INTERVENTIONS FOR STAGE II 
PTTD 

At stage III and IV of AAFD, when deformity is 
rigid, surgery is the primary intervention.2,3,7,8,12–13 
Stage II, a flexible deformity, both conservative and 
surgical measures may be considered. Some authors ad-
vocate for surgical intervention when a stage II AAFD 
features less talonavicular coverage or calcaneal val-
gus, while others believe surgical intervention is war-
ranted at the onset of stage II.8 Regardless of timing, 
stage II procedures typically address soft-tissue recon-
struction and joint preservation.11,12  

Historically, stage II PTTD surgical intervention 
included a triple arthrodesis akin to stage III and IV, 
before being replaced by joint salvage operations.18,19 
Presently, a common procedure for stage II PTTD is a 
flexor digitorum longus (FDL) transfer and medial dis-
placement calcaneal osteotomy (MCO, eponym Kout-
sogiannis).11–16,18–21 In a flexor transfer, the FDL is typ-
ically rerouted to the navicular.12,13,19,22 Zaw and Calder 
reported that MCOs were performed in 73% of stage II 
surgical cases (combined with PTT augmentation in 
38%) done by 104 foot and ankle surgeons in the U.S.16 
The authors also noticed a lateral column lengthening 
(Evan’s osteotomy) in 41% of cases and medial column 
stabilization in 15%.16 

Long-term follow-up to FDL transfer and MCO 
procedures is limited. Myerson et al. demonstrated fa-
vorable results with FDL transfer and MCO in 129 pa-
tients at an average follow-up of 5.2 years.22 A decade 
later, Chadwick et al. demonstrated good outcomes of 
FDL transfer with MCO with a significant increase in 
the AOFAS from 48.8 preoperatively to 90.3 at a 14–
16-year follow-up in 27 patients.11 All 48 patients en-
rolled attained a plantigrade foot at a mean of 5 months 
postoperatively. Schuh and colleagues, in a population 
of 51 feet with stage II PTTD and using FDL and MCO, 
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increased the mean AOFAS Hindfoot Score from 39 
preoperatively to 91 at final follow-up.21  

Despite evidence in support of FDL transfers, 
Arangio presented the MCO as the primary contributor 
to a patent medial longitudinal arch.23 Greater correc-
tion of the arch, as quantified by calcaneal pitch and 
talocalcaneal angle, is seen with the MCO. Recently, 
Wadehra et al. reviewed outcomes of 43 patients with-
out FDL transfer.23 The authors performed a gas-
trocnemius recession with a combination of the follow-
ing procedures: MCO, Evans osteotomy, and Cotton 
osteotomy. Measured radiographic variables improved 
in all feet with a postoperative complication rate of 
1.78%. Similarly, DiDomenico et al. retrospectively 
studied 34 patients treated for stage II or stage III PTTD 
with arthrodesis without FDL transfer, demonstrating 
significant improvement in radiographic angles.26 
However, 8.82% of patients experienced painful hard-
ware on follow-up and 5.88% had a delayed union. 
Aforementioned studies foregoing FDL transfer lacked 
prospective analysis, large patient populations, and pro-
longed follow-up. 

A review by Giorgini validated the modified Kid-
ner-Cobb procedure for stage II PTTD.27 The Kidner 
method is defined by removal of the accessory navicu-
lar with subsequent transposition of the PTT. The Cobb 
procedure necessitates a partial rerouting of the anterior 
tibial tendon (ATT) through the first cuneiform or clas-
sically, below the navicular, to the proximal aspect of 
the PTT. A combination of the two techniques resulted 
in a 96% success rate of 50 cases at a mean 4.6 years of 
follow-up when defined by at least a “good” rating by 
patients. While significant long-term pain relief was 
present, there was a gross reduction of medial longitu-
dinal arch height postoperatively. The authors failed to 
quantify this loss of arch height, along with radio-
graphic weight-bearing measurements.  

Less common stage II approaches include spring 
ligament reconstruction, ATT procedures, and ar-
throdesis.15 These procedures appear to have lost 
ground in recent years. In particular, spring ligament re-
construction and ATT transfers have not been proven 
clinically efficacious. And lateral or medial column os-
seous procedures are most commonly reserved for more 
severe stage II deformities, where forefoot abduction 
and frontal plane correction is needed. 

Novel surgical approaches for stage II include PTT 
endoscopic debridement, and subtalar arthrodesis with 
a Maxwell-Brancheau Arthroeresis (MBA) implant.28,29 
The most serious risks of endoscopic debridement are 
malpositioning and iatrogenic injury to the FDL or me-
dial plantar nerve.28 Nonetheless, this procedure may be 
appealing due to its minimally invasive nature and rel-
atively quick recovery time. Outcomes following endo-
scopic debridement are encouraging, but long-term out-
comes are needed. While Needleman et al. illustrated a 

significant improvement of average hindfoot AOFAS 
from 52 preoperatively to 87 at 35-month follow-up,28 
sinus tarsi pain in 39% of patients resulted in implant 
removal.29 Arthroeresis procedures for PTTD have 
fallen out of favor due to high rates of hardware re-
moval.  
 
CONCLUSION 

Recent studies estimate around 12.5–27% of par-
ticipants with PTTD elect for surgical interven-
tion(s).31,32 PTTD, the most common cause of AAFD, 
features considerable morbidity and long-term impair-
ment.1–3,5–7 There remains debate on the optimal treat-
ment course of PTTD, with emphasis on stage II and its 
substages. Classifying the deformity clarifies its sever-
ity and helps determine conservative, surgical, or dual 
treatment. Thus, more extensive classifications may be 
of prognostic value.5,7,8 

The current literature reveals that conservative 
treatment is an effective option for patients with stage 
II PTTD.9,10,13,22 Separate studies have confirmed that 
an AFO brace or a combination of bracing and rehabil-
itation successfully relieve symptoms and delay or pre-
vent surgery.9,10,13,31 More importantly, these studies re-
veal that there will always be a subset of the population 
who fail to improve with conservative therapy. Stage II 
PTTD is categorized by a flexible flatfoot deformity, 
thus surgery is performed to halt progression to a fixed 
deformity. 1–3,5–8,15–16,21 A frequent intervention is an 
FDL tendon transfer with a MCO.15 This procedure has 
the greatest amount of long-term evidence.18,19 

Recent publications have noted a lack of necessity 
of FDL transfer, instead advocating for the use of an 
MCO with adjunctive procedures.23,26 The most com-
mon additions were gastrocnemius recession, Cotton 
osteotomy, and Evans osteotomy.23,27 Joint arthrodesis 
may be desired only in cases of significant arthritis or 
instability.15 Extra-articular osteotomies without ten-
don transfer or joint fusion may be viable, but research 
is needed to verify results. Avoiding arthrodesis and 
tendon transfer may lead to superior outcomes due to 
less degeneration and muscle weakness in the affected 
foot.23 More surgical algorithms, such as that generated 
by Stein et al., need to be backed by long-term evi-
dence. Future biomechanical and kinematic studies in 
procedures without arthrodesis and tendon transfer are 
merited. 33 
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ABSTRACT 

Biomechanical misalignment between the first 
proximal phalanx and metatarsal can cause a hallux ab-
ducto valgus (HAV) deformity. The deformity can re-
sult in a painful bony and/or soft tissue prominence 
along the first metatarsal phalangeal joint (MTPJ), ar-
thritic pain, as well as lesser digital deformities. This 
review compares minimally invasive surgery (MIS) 
with open Chevron/Scarf procedures, for correction of 
HAV, with focus on radiographic correction, perioper-
ative complications, operative time, intraoperative 
fluoroscopy time, and patient satisfaction. MIS pro-
vided reduced operative time, reduced scarring and sig-
nificantly greater patient satisfaction, but lead to elon-
gated intraoperative fluoroscopy time. Our conclusions 
were limited secondary to small number of literature on 
MIS method for HAV correction. 
 
INTRODUCTION 

Hallux abducto valgus (HAV) presents with me-
dial deviation of the first metatarsal, and lateral devia-
tion and valgus rotation of the hallux, creating a bony 
and/or soft tissue prominence along the first metatarsal 
head. Symptoms that occur with HAV include pain on 
the dorsomedial prominence, limited and painful range 
of motion of the first metatarsophalangeal joint 
(MTPJ), and subsequent pathologies of the lesser toes, 
such as digital contractures, positional changes, and 
metatarsalgia. Conservative management of HAV in-
cludes shoe modification, supportive orthotics, pad-
ding, taping, and devices that relieve the HAV pain. 
Unfortunately, conservative treatment does not have 
long-lasting results and most patients opt for surgical 
treatment.1 

The optimal surgical treatment for HAV deformity 
improves joint congruency by correcting the hallux ab-
ductus angle (HAA) and the intermetatarsal angle 
(IMA), restores the first MTPJ range of motion, and 
eliminates pain. HAA, normally less than 15°, is the an-

gle between the longitudinal bisection of the first meta-
tarsal and the longitudinal bisection of the first proxi-
mal phalanx. IMA, normally less than 9°, is the angle 
between the longitudinal bisection of the first metatar-
sal and first metatarsals. 2 

Over 100 types of surgical procedures for the cor-
rection of HAV deformity have been described, all with 
the goal of realigning the first ray, enhancing or main-
taining the first MTPJ range of motion, and correcting 
the concurrent forefoot deformities.3 Chevron capital 
osteotomy is currently the most accepted method of 
correction for mild to moderate HAV deformities (IMA 
of less than 20°).4,5 The Chevron osteotomy is a V-
shaped osteotomy directed horizontally in the first met-
atarsal head, with the arms of the V at an angle of 60°. 
Chevron osteotomy allows for transverse mobility of 
the head of the first metatarsal and relative correction 
of the IMA. The Scarf osteotomy is a Z-shaped osteot-
omy directed horizontally into the first metatarsal shaft 
that allows for transverse mobility of the distal frag-
ment and correction of the IMA. Iatrogenic complica-
tions that may occur with these open surgical methods 
of accessing the joint are scarring, stiffness, and de-
creased range of motion.3 

In a meta-analysis by Qiang et al., no significant 
superiority was found between Scarf and conventional 
Chevron osteotomies for correction of HAA, IMA, 
complication rates, and American Orthopedic Foot and 
Ankle Society (AOFAS) score.6 Despite the high suc-
cess rate in HAV correction with open Chevron and 
Scarf osteotomies (evident by radiographic parame-
ters), 15% of patients suffer from continued pain, pro-
longed recovery, stiffness, and other related postopera-
tive complications.7–10 

The objective of this paper is to compare the 
effectiveness of treatment, postoperative complica-
tions, patient satisfaction, surgical time, and AOFAS 
score between the MIS and open HAV procedures.  
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MINIMAL INVASIVE SURGERY FOR HAV 
DEFORMITY  

In the 1970s, North American podiatrists devel-
oped pedal minimally invasive surgery (MIS). In 1974, 
the Pennsylvania College of Podiatric Medicine incor-
porated MIS, based on a Hohmann-type osteotomy, 
into its curriculum.1 The first-generation MIS HAV 
correction, described by Isham, lacked internal fixation. 
The second-generation MIS HAV correction, described 
by Peter Bösch in the 1980s, stabilized the distal frag-
ment via either a permanent or temporary Kirschner 
wire (K-wire) fixation.1,8,11–13 The third-generation pro-
cedure, developed by Vernois and Redrern, uses AO 
principles by incorporating headless compression 
screws to provide a secure stabilized distal fragment.8,14 

MIS for HAV correction, with fewer and smaller 
scars, reduced postoperative pain, faster healing time, 
shorter rehabilitation time, and decreased risk of post-
operative complications and infection has gained some 
acceptance.15 A MIS is characterized by operating 
through a narrow medial incision (1–3 mm) without any 
direct visualization using a miniature blade for soft tis-
sue dissection, and a rotary burr under fluoroscopy for 
performing the osteotomy.16 Given the narrow site of 
incision, MIS theoretically should also limit stiffness 
and complications with first MTPJ range of motion.1 

Published literature on MIS HAV correction is limited. 
The majority of literature available on this topic has 
been on second-generation procedures, which are un-
stable and may result in plantar or dorsal displacement 
of the distal metatarsal head fragment.11 K-wire fixa-
tions in these procedures increased the infection rate by 
providing a direct route to the outside of the body.18–20 
A prospective study by Kadakia et al. was discontinued 
after 13 cases of second-generation MIS where compli-
cations such as osteonecrosis, infection, malunion, non-
union, and recurrence occured.12 However, more ac-
ceptable results and reduced postoperative complica-
tions are noted with third-generation MIS.  
 
SURGICAL OUTCOMES 

While most MIS studies include all generations of 
MIS HAV surgery, this review focuses on the more ac-
cepted third-generation procedures. Most studies com-
paring MIS to Scarf and Chevron osteotomies also in-
clude a closing wedge osteotomy of the hallux proximal 
phalanx, or Akin osteotomy, as an adjunct procedure.  

Othman and Hegazy compared second-generation 
MIS surgery (24 feet) to distal Chevron osteotomy (33 
feet) for correction of mild to moderate HAV and con-
cluded that both surgical methods yielded comparable 
radiographic and clinical results. They concluded that 
the MIS procedure required less operative time and had 
fewer postoperative complications. For both cohorts, 
IMA (p=0.6573), HAA (p=0.3453), and AOFAS score 
(p=0.8765) were comparable with differences found 

only in the patient satisfaction and operative time out-
come (p=0.001). For the MIS cohort the mean operative 
time was 28.81 minutes and postoperative patient satis-
faction was 91.66%. For the open Chevron cohort, the 
mean operative time was 39.12 minutes and postopera-
tive patient satisfaction was 82.35%. Three cases from 
the MIS cohort had pin-tract infections that resolved 
with antibiotics, without the need for K-wire removal 
prior to radiological evidence of healing. The open 
Chevron cohort had three different complications in 
three different cases: deep venous thrombosis, deep tis-
sue infection, and recurrence of the HAV deformity.2 

In a prospective study, Lee et al. compared the 
third-generation Chevron/Akin MIS (CA-MIS) and 
open Scarf/Akin (SA) osteotomy in 50 patients with a 
HAA greater than 20°, IMA greater than 12°, where pa-
tients first tried over 3 months of conservative treat-
ment. 21 Patients were evaluated preoperatively at 1 day, 
2 weeks, 6 weeks, and 6 months postoperatively. Pa-
tient outcome measures included extent of reduction in 
HAA and IMA, AOFAS score, and patient satisfaction, 
which were assessed at each follow-up. Both groups 
showed significant improvement (p<0.001) in the 
AOFAS score postoperatively. Both groups also 
showed significant improvement (p<0.05) in HAA and 
IMA correction at the final follow-up. In the CA-MIS 
cohort, 21 of 25 patients reported excellent satisfaction 
compared to 18 of 25 in the SA group. Four of 25 pa-
tients reported good satisfaction in the CA-MIS cohort, 
compared to 7 of 25 in the SA group. The average total 
scar length in the CA-MIS and open SA groups were 
25.3 mm and 107.1 mm, respectively. Two cases of 
postoperative metatarsalgia occurred in the SA cohort. 
Six cases in the CA-MIS cohort required screw removal 
due to hardware irritation. 

Lai et al. compared the third-generation CA-MIS 
to the open SA procedure. At 24 months, both cohorts 
demonstrated similar radiographic outcomes using 
IMA and HAA, and clinical outcomes using AOFAS 
score. 22 Three wound complications occurred in the SA 
cohort, while no complications were noted in the CA-
MIS group. The operative time in the CA-MIS group 
was significantly less (p<0.001), but the mean fluoro-
scopic time was increased significantly (p<0.001) in 
comparison to the SA cohort. Lai et al. concluded that 
the third-generation CA-MIS procedure demonstrated 
comparable radiographic and clinical outcomes to the 
SA procedure at 2 years postoperatively, but with the 
advantages of significantly reduced operative time, re-
duced perioperative pain, and reduced risk of wound in-
fection. 

Kaufman et al. in 2018, compared third-generation 
MIS and open Chevron correction of HAV among 47 
cases. 23 All 47 patients were evaluated preoperatively, 
and again at 6 weeks, 12 weeks, and 9 months postop-
eratively. Among the 22 cases in the open Chevron 
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group and 25 in the MIS cohort, there were no signifi-
cant differences in the AOFAS scores (p=0.943). Post-
operative HAA, IMA, and first MTPJ range of motion 
in both groups were similar. The only statistically sig-
nificant difference was less postoperative pain at 3 and 
12 months in the MIS technique group (p=0.022). This 
significant reduction in pain may be attributed to the re-
duced soft tissue dissection with the MIS technique. 
 
COMPLICATIONS WITH MINIMALLY 
INVASIVE SURGERY 

Postoperative clinical and radiologic outcomes 
were comparable for the MIS and open osteotomy tech-
niques. However, there were variations in postoperative 
patient satisfaction and in the rate of postoperative com-
plications. 

Per Kaufmann et al., MIS Chevron osteotomy was 
found to be comparable to conventional open proce-
dures when comparing AOFAS score (p=0.943), radio-
graphic standards (p>0.502), and range of motion 
(p=0.910).23 While there were no such differences in 
patient satisfaction at 6-weeks (p=0.06) and 9-months 
(p=0.736) postoperatively, MIS procedures showed su-
perior patient satisfaction compared to open procedures 
12-weeks postoperatively (p=0.022). It is likely that the 
discrepancy in patient satisfaction in favor of the MIS 
cohort results from the amount of postoperative pain 
experienced. Agreeably, Lai et al. reported a significant 
reduction in pain in the postoperative period (p<0.001) 
among the MIS cohort compared to open procedures.22 

Similarly, Lee et al. reported significantly lower pain 
levels postoperatively among the CA-MIS cohort on 
postoperative day 1 through 6 weeks compared to open 
procedures.21 Unfortunately, the selected papers did not 
specify whether patient satisfaction was obtained solely 
on postoperative pain or if it was calculated based on 
multiple variables such as postoperative pain with 
weight bearing versus non-weight bearing, range of 
motion, or aesthetics. These are variables that should be 
explored in more detail in future studies.  

Another consideration is the importance of surgeon 
experience in procedure outcomes. Percutaneous HAV 
correction, theoretically, has a lower possibility of non-
union, hematoma formation, stiffness secondary to re-
duced scar tissue formation, and soft tissue obliteration. 
For example, Kaipel et al. concluded that there was a 
high tendency for ligation of the dorsomedial cutaneous 
nerve during K-wire placement in percutaneous HAV 
correction.24 Use of small retractors to protect the nerve 
or a more medial placement of the K-wire could poten-
tially prevent this complication. Similarly, fixation may 
determine need for hardware removal. For example, K-
wire fixation increased the incidence of hardware re-
moval to reduce soft tissue irritation in 12 out of 25 

cases, while the use of oblique headed cannulated com-
pression screws resulted in hardware removal in only 2 
out of 22 cases.23  

Furthermore, the outcome of MIS procedures can 
differ depending on the surgical instruments used. 
Overuse of a burr can injure bone and soft tissue, espe-
cially as targeted structures cannot be seen. This can 
potentially displace bone fragments into capsular tissue 
and the MTPJ, causing joint stiffness.18 The use of ro-
tary burr for the osteotomy, in some cases, has been 
shown to cause thermal injury to skin, and unintended 
bone loss from high friction of the burr.25,26 Skin ther-
mal injuries may result in wound dehiscence, nerve and 
vascular injury, and ultimately delay wound healing. 
Burr overheating can be reduced by cooling the burr 
with saline, by reducing the burr speed, by cleaning the 
burr in between bursts of use, and by use of an appro-
priate burr type. Another complication reported by Bia 
et al., was excess shortening of the first metatarsal from 
the burr thickness.26  

Another limitation of MIS is the increased expo-
sure to ionizing radiation from fluoroscopy. The aver-
age fluoroscopy time, in the study conducted by Lee et 
al., for the CA-MIS cohort was 31.8 seconds and for the 
SA cohort was 1.2 seconds (p< 0.001).26 Chun Lai et al. 
also showed similar results with their CA-MIS cohort 
exhibiting 44.6 ± 5.9 seconds of fluoroscopy time com-
parable to 8.9 ± 3.7 seconds for the SA cohort 
(p<0.001), even though the length of operation was sub-
stantially shorter in the MIS group.22 
 
CONCLUSION 

With advancements in technique, MIS for HAV 
correction has been demonstrated to be safe and effec-
tive. Studies have shown that MIS results in less dissec-
tion, reduced operating time, smaller scars, and de-
creased pain compared to open Chevron/Scarf proce-
dures. Nonetheless, limitations include lack of direct 
visualization, increased exposure to ionizing radiation 
from fluoroscopy, and the need for additional special-
ized training.  

Limitations of current MIS HAV literature include 
the lack of studies using third-generation percutaneous 
HAV procedures. Studies comparing larger cohorts, 
different age groups, different activity level, and longer 
postoperative follow up are needed.  
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ABSTRACT 

The American Diabetes Association states that di-
abetes is diagnosed at a hemoglobin A1c (HbA1c) level 
of 6.5% or greater and suggests that surgery in patients 
with a HbA1c of  greater than 7.0% should be avoided. 
The negative effects and pathogenesis of hyperglyce-
mia have been well documented both scientifically and 
clinically. Although high levels of HbA1c are corre-
lated with postoperative complications, a consensus re-
garding a cut-off level has yet to be determined. 
 
INTRODUCTION 

According to the Center of Disease Control Na-
tional Diabetes Statistics Report, 30.3 million people in 
the United States have diabetes mellitus, with only 23.1 
million diagnosed.1 The incidence of diabetes increases 
with age, soaring to a high of 25.2% in those aged 65 
years. In 2014 alone, diabetes was reported as a listed 
diagnosis in 7.2 million hospital discharges among 
adults in the US aged 18 years and older. Of those dis-
charges, 108,000 included a lower extremity amputa-
tion.  

Diabetes is a known risk factor for postoperative 
complications and increased cost of perioperative care.2 
Multiple studies have shown that diabetic patients are 
more likely to develop postoperative infections, have 
delayed bony healing following foot and ankle surgery, 
and experience an increased length of hospital stay with 
a higher chance of readmission.2–6 In particular, foot 
and ankle surgeons come across a higher rate of post-
operative complications secondary to the prevalence of 
patients with diabetes.2 Furthermore, patients with 
poorly controlled diabetes may have associated comor-
bidities including peripheral vascular disease, periph-
eral neuropathy, impaired immune function, and Char-
cot neuroarthropathy that increase the likelihood of 
complications following surgery.2,7  

The assessment of glycemic control is based on the 
percentage of glycated hemoglobin A1c (HbA1c) 
formed by glycosylation of hemoglobin in red blood 
cells.8 While blood glucose levels are subject to day-to-

day fluctuations, HbA1c levels provide a consistent 
measure of glycemic control over the 3-month lifespan 
of a red blood cell. According to the American Diabetes 
Association, diabetes is diagnosed at a HbA1c level of 
6.5% or greater.9 The current guidelines for the man-
agement of diabetes recommends strict glycemic con-
trol with a target HbA1c of 7.0%, as well as avoiding 
surgery in patients with a HbA1c of greater than 7.0%.10 
However, this cut-off is seldom implemented as there 
remains no clear consensus in the literature to date on 
the optimal HbA1c for patients undergoing elective sur-
gery. Underwood et al. defined poor glycemic control 
as a preoperative HbA1c  greater than 8.0% and associ-
ated this finding with poor surgical outcomes.11 
Younger et al. determined that a HbA1c level greater 
than 10.0% was an important determinant of healing 
rate in patients who underwent a transmetatarsal ampu-
tation.12 Similarly, Humphers et al. confirmed that each 
1% increase in preoperative HbA1c levels prior to foot 
and ankle surgery increased the odds of postoperative 
complications, including poor wound healing and in-
fection rate by, a factor of 1.25.13 Again, the authors 
were unable to define the optimal HbA1c cut-off for 
their patient population. 

The relationship between poor glycemic control 
and increased adverse outcomes after foot and ankle 
surgery has been widely documented.13 However, the 
current literature fails to thoroughly define and investi-
gate specific postoperative complications associated 
with foot and ankle surgery in patients with chronic hy-
perglycemia. The goal of this literature review is to ex-
amine the incidence of postoperative complications in-
cluding infection, wound healing, and bone healing in 
patients with poor glycemic control undergoing foot 
and ankle surgery.  
 
INFECTION 

Patients with uncontrolled diabetes mellitus under-
going foot and ankle surgery are at greater risk for post-
operative infection. Their likelihood for experiencing 
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complications is increased if their comorbidities in-
clude peripheral neuropathy, Charcot neuroarthropathy, 
renal disease, or peripheral arterial disease.14 Diabetic 
patients are considered to be in an immunocompro-
mised state due to their decreased cytokine response, 
elevated levels of glycated immunoglobulins, increased 
oxidative stress, impaired neutrophil and monocyte 
function, and decreased T-cell response.15 This results 
in a pro-inflammatory state and a decreased immune re-
sponse to microbes, which predisposes these patients to 
postoperative surgical site infections (SSI).  

In a prospective study of 2,060 foot and ankle sur-
gical cases, Wukich et al. found a 7.25-fold increased 
risk for infection in patients with complicated diabetes 
than those without.14 Researchers defined complicated 
diabetes as having at least one of the following comor-
bidities: neuropathy, peripheral artery disease, and/or 
renal disease. Furthermore, their data found a 2.5-fold 
increase in SSI in diabetic patients with a HbA1c of 
equal to or greater than 8.0% compared to those with a 
HbA1c level of  less than 8%. Additionally, Cancienne 
et al. found that patients with HbA1c levels of greater 
than 7.5% carried a statistically significant risk for de-
veloping SSI within three months of elective forefoot 
surgery.16 Although the authors propose 7.5% as the 
new cut-off for elective surgery, their research is lim-
ited to various hallux valgus, hammertoe corrections, 
and Kidner procedures. In a cohort of 322 patients un-
dergoing foot and ankle surgery, Jupiter et al. found a 
rapid increase in the risk of deep and superficial infec-
tions in patients with preoperative HbA1c levels be-
tween 7.3–9.8%.17 Researchers also discovered a plat-
eau for risk of postoperative infection rate for HbA1c 
levels greater than 9.8%. This study failed to mention 
whether the operations performed were elective or 
emergent, a critical factor in surgical decision making. 

Along with the immune system, diabetes mellitus 
does not spare the peripheral and central nervous sys-
tem. Microangiopathy, increased permeability of capil-
laries, as well as direct axonal damage causes neurolog-
ical impairment resulting in sensory neuropathy, motor 
neuropathy, and autonomic neuropathy.18 Patients with 
nondiabetic neuropathy have a higher risk for develop-
ing postoperative SSI compared to nondiabetic patients 
without neuropathy in foot and ankle surgery.14 Thus, 
neuropathy alone increases the likelihood of postopera-
tive infection, since the postoperative SSI rate between 
nondiabetics and diabetics with no complications is not 
found to be statistically significant.2,14  

It is evident that preoperative HbA1c levels are a 
reliable indicator for developing postoperative SSI. 
However, consensus is lacking regarding an acceptable 
HbA1c threshold for performing elective surgery. 
 
 
 

WOUND HEALING 
Diabetic patients with poor glycemic control, de-

fined by an elevated HbA1c, are faced with an in-
creased risk of postoperative wound complications.10 
Persistent hyperglycemia is responsible for the long-
term complications of diabetes, including impaired im-
mune function and cross-linking of extracellular matrix 
proteins.8 Since the basis of wound healing begins as a 
cellular response to injury involving the activation of 
platelets, fibroblasts, endothelial cells, and macro-
phages, diabetic patients are unable to mount an effec-
tive inflammatory response following a break in the 
skin.19  

In his retrospective study, Humphers et al. defines 
postoperative wound complications as wound dehis-
cence, hematoma, seroma, bulla formation, and persis-
tent wound drainage for more than three weeks.13 After 
examining several factors including peripheral neurop-
athy, body mass index (BMI), and tobacco use, the au-
thors determined that elevated HbA1c levels were the 
most significant factor associated with postoperative 
wound healing complications. In this study, a logistic 
regression model for wound healing following foot and 
ankle surgery revealed that with each 1% increase in 
HbA1c level, the odds of wound healing complications 
increased by a factor of 1.25%.13 Although this study 
did not find other covariates such as peripheral neurop-
athy, BMI, or tobacco use as significant factors in asso-
ciation with wound healing,13 several studies have 
found these variables to be significant.20–21 Karunakar 
et al. determined that obesity was a significant risk fac-
tor in wound healing following surgery.20 Specifically, 
Graves et al. found that obesity was associated with an 
increase in wound healing complications following the 
surgical correction of pilon fractures.21 

In his retrospective study, Domek et al. evaluated 
21,854 diabetic patients who underwent elective foot 
and ankle surgery.10 From this cohort, the overall com-
plication rate including SSI, mechanical failures, cardi-
ovascular/pulmonary events, and wound healing com-
plications was 3.2% (699 patients). Forty one out of the 
699 patients (5.8%) experienced wound healing com-
plications. Domek et al. concluded that an 1% increase 
in HbA1c resulted in a 5% increase in postoperative 
complication rate, but did not define a clear threshold 
of HbA1c levels indicative of increased complications.  

Currently, there are few studies that examine the 
risk of postoperative wound healing complications fol-
lowing foot and ankle surgery associated with poor gly-
cemic control. Endara et al. studied the primary wound 
closure rate among inpatients and found that a high 
HbA1c level was associated with an increased risk of 
wound dehiscence.22 This study was not specifically 
geared towards patients undergoing foot and ankle sur-
gery, and the authors were unable to define what was 
considered a high HbA1c level.  
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BONE HEALING 
Diabetic patients with chronic hyperglycemia ex-

perience higher rates of mechanical failure postopera-
tively, such as pseudoarthrosis, malunion, and delayed 
union, than nondiabetic patients.10 The exact pathogen-
esis of the effect of diabetes on bone healing is largely 
unknown, but there are multiple theories behind the 
mechanism. In 2013, Catalfamo et al. concluded that 
hyperglycemia played a role in abnormal osteoclast dif-
ferentiation and inhibition, resulting in an increased ca-
pacity for bone resorption in mouse models.23 Jiao et al. 
also reported that hyperglycemia resulted in abnormal 
osteoblast differentiation, function, and increased reac-
tive oxygen species generation resulting in increased 
osteoclastic activity.24 Furthermore, studies have shown 
that bony callus formation in diabetic patients has re-
duced osteoblast proliferation and reduced collagen 
synthesis.25  

A study conducted by Domek et al. in 2016 found 
that mechanical failure was the second most common 
postoperative complication in diabetic patients who un-
derwent foot and ankle surgery.10 Mechanical failure 
was defined as hardware failure, nonunion, or malu-
nion. Out of the 699 patients with post-surgical compli-
cations, 233 (33.4%) were due to mechanical failure. 

In 2013, Shibuya et al. evaluated the occurrence of 
mechanical failures in 165 patients with diabetes after 
elective and non-elective foot and ankle surgery.26 De-
layed union and non-union was defined as a lack of a 
radiographic sign of bone healing within 3 months and 
6 months respectively, whereas malunion was defined 
as a malaligned bone at any time. Twenty-five percent 
of patients, with a mean HbA1c level of 7.3% had bone 
healing complications, while 50% of these patients had 
neuropathy. Shibuya et al. concluded that patients with 
a HbA1c level greater than 7.0% had a 3-fold increase 
of developing bone healing complications than those 
with HbA1c level of less than 7.0%. 

In diabetic patients who underwent surgery for an 
ankle fracture, Liu et al. found poor radiographic evi-
dence of bone healing in 100% of patients with a 
HbA1c level greater than 6.5%.27 “Poor radiological 
outcome” was defined as delayed union, nonunion, or 
malunion in the same time frame as Shibuya et al.26,27 

Domek, Shibuya, and Liu et al. were consistent in 
defining mechanical failures, and none of the studies re-
ported the use of a bone graft, scaffold, or bone stimu-
lation machine.10,26,27  
 
CONCLUSION 

In conclusion, HbA1c has a role in determining a 
patient’s risk for postoperative complications, but other 
variables influence determination of a threshold value. 
The urgency of the surgery and comorbidities, such as 

neuropathy, high BMI, coronary artery disease, and re-
nal impairment complicate the process of determining 
a consistent cut-off for an acceptable HbA1c level. 

Performing prophylactic surgery in diabetic pa-
tients may be worthwhile, especially in patients with 
neuropathy and a deformity. Armstrong et al. found ar-
throplasty of the proximal phalanx to be successful, 
with 96.3% of patients remaining ulcer-free for 3 
years.6 However, these patients were found to have a 
greater risk of postoperative infection. Rather than set-
ting a threshold value for HbA1c, there should be a list 
of criteria for managing and reducing the risk of post-
operative infections in patients with a high HbA1c. 
Monitoring perioperative blood glucose level is a more 
realistic, practical goal.  

More research including long-term follow-up is 
needed to determine whether the benefits of surgery 
outweigh the risks in patients with elevated HbA1c lev-
els. At this moment, HbA1c level cut-offs are arbi-
trary.11 Because of the high rate of emergent surgical 
cases in the diabetic population, there should not be a 
need for a strict threshold HbA1c levels to determine 
whether a patient undergoes surgery. However, stand-
ard is needed to better classify the inherent postopera-
tive risks associated with elevated HbA1c levels.  
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ABSTRACT  

The process of healing a foot or leg ulcer involves 
a careful balance between extracellular matrix synthesis 
and degradation, which is typically maintained by pro-
teases and growth factors found in the ulcer bed. An ul-
cer becomes chronic when there is a shift in favor of 
tissue degradation. This is likely caused by a prolonged 
inflammatory phase leading to growth factor destruc-
tion and un-checked proteolytic activity. Current treat-
ments for non-healing ulcers used by clinicians are 
geared towards achieving an ideal wound-healing envi-
ronment by shifting this balance away from degradation 
back towards physiologic equilibrium. Although deter-
mining the most efficient product(s) to treat a lower ex-
tremity ulcer is a case-by-case decision, this literature 
review compares the use of stem cell allografts with 
collagen containing dressings and their success in treat-
ing chronic lower extremity ulcers.  

 
INTRODUCTION  

Chronic ulcerations of the lower extremity are be-
coming more common and pose a serious risk for foot 
or leg amputation if not adequately managed.1 These ul-
cers may be caused by one of several etiologies, includ-
ing venous insufficiency, peripheral neuropathy, exces-
sive pressure, arterial disease, and immune-mediated 
vasculitic disease. The conservative options for manag-
ing these ulcers can vary based on the physician, patient 
compliance, ulceration chronicity, amount of drainage, 
and the presence of infection. For example, topically 
applied biologics are a treatment method used by 
wound care specialists. Two examples of dressings in-
clude collagen-based dressings and stem cell allografts. 
 
COLLAGEN-BASED DRESSINGS  

Collagen is a major protein found in abundance in 
tendons, muscle, bones, and skin. Type I collagen pro-
vides tensile strength and resistance to damaging forces 
and is the major protein component found in bones and 
scar tissue. Several biological elements that are crucial 
to proper ulcer healing are found in collagen, including 

fibroblasts and keratinocytes.2 Most collagen powders 
used as a primary wound dressing are derived from 
100% bovine type I collagen, although they may also 
be harvested from porcine and equine skin and are read-
ily accessible and easy to use. 3–5 In a 2013 systematic 
review by Holmes et al., researchers conducted a re-
view of 26 studies exploring the use of collagen-based 
wound dressings for the treatment of diabetic foot ul-
cers (DFU). Studies were included if the following 
wound healing outcomes were measured: 100% epithe-
lialization, 50% healing, and a 100% granulation tissue 
base. Application of a collagen-based wound dressing 
on a DFU had a healing rate of 30–84 days following 
the initial collagen treatment. Holmes and colleagues 
also noted the bacteria inhabiting the ulcer bed and sur-
rounding epithelial tissue increased the risk for delayed 
wound healing, which may contraindicate use of a col-
lagen-based dressing. Holmes et al. also noted that 
about 60% of all DFU are infected with bacteria that 
contribute to the degradation of extracellular matrix. 
For example, bacterial species, including gram-positive 
organisms commonly found in foot and leg ulcers, 
counteract the beneficial actions of collagen in healing 
of the ulcer due to their affinity for collagen.3 

The use of bovine-derived collagen-glycosamino-
glycan matrix was also shown to promote wound heal-
ing for atypical lower extremity ulcers. Garwood et al. 
found that the surgical placement of a collagen matrix 
on atypical ulcers caused by sickle cell anemia, pyo-
derma gangrenosum, and other rare diseases not only 
promoted healing of the ulcers but also caused a signif-
icant reduction in ulcer-associated pain.6 The authors 
report that this pain reduction may be due to suppres-
sion of the inflammatory pathway by the collagen ma-
trix, the prevention of platelet adhesion, and the simi-
larity of the collagen to surrounding normal tissue that 
helps in avoiding a host biological response. Garwood 
and colleagues further determined that the application 
of a collagen matrix in combination with a split-thick-
ness skin graft (STSG) might be even more effective for 
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chronic wound healing. Although the collagen dress-
ings used by the researchers in this study were applied 
in a surgical method, the results of using a collagen-
based dressing are consistent with a successful trend to-
wards healing in lower extremity ulcerations.6 

In addition to inflammation, infection, and periph-
eral arterial disease, Cullen et al. determined that the 
iron deposition and other metal ions around the ulcer 
bed might also contribute to the pathophysiology of 
chronic ulceration. As an example, venous insuffi-
ciency may lead to the accumulation of iron in the form 
of hemosiderin thus leading to lower extremity venous 
ulcer formation.2 Metal ions are required for matrix 
metalloproteinase (MMP) activity, which contributes to 
a poor wound healing environment. Therefore, Cullen 
and colleagues tested the efficacy of oxidized regener-
ated cellulose/collagen (ORC/collagen) in reducing 
protease activity in diabetic wound fluid obtained from 
3 DFU over the course of 28 hours. The authors deter-
mined that the reduction in overall protease activity is 
from both collagen acting as a competitive substrate for 
the protease enzyme active site, and the negatively 
charged ORC’s ability to bind positively charged metal 
ions that are needed for normal MMP function.2  

 
STEM CELL ALLOGRAFTS  

Because patients with diabetes mellitus are im-
munocompromised, the ability of their epidermal cells 
such as keratinocytes, fibroblasts, and epithelial cells to 
migrate to areas of tissue damage may be diminished.7 
In the case of a DFU, Yang et al. conclude that many of 
these previously mentioned epidermal cells have a di-
minished response to growth factors as a result of dis-
ease induced hypoxic conditions, thus inhibiting ulcer 
healing. However, analysis of adipose-derived stem 
cells in a diabetic patient shows normal function and 
proliferation indicating that they may still be active in 
ulcer healing. The clinical use of mesenchymal stem 
cells (MSC) for treatment of DFU has been shown to 
promote cell differentiation, collagen synthesis, growth 
factor release, neovascularization, wound contraction, 
and cellular chemotaxis to the ulcer.7 The authors fur-
ther describe the use of bone marrow-derived mesen-
chymal stem cells (BM-MSC) on a DFU, with results 
consistent with increased deposition of collagen in and 
around the ulcer bed leading to a higher tissue tensile 
strength and increased expression of several growth 
factors, including epidermal growth factor (EGF), vas-
cular endothelial growth factor (VEGF), and transform-
ing growth factor-beta(TGF-B). These growth factors 
not only promote vascularization around the ulcer, but 
also have been shown to recruit stem cells from the cir-
culation or bone marrow to aid in angiogenesis. Yang 
and colleagues caution that a long in vitro expansion 
time with multiple clinical applications of MSC to the 

ulcer is required for optimal healing results. This pre-
sents a concern for an increased susceptibility to infec-
tion as well as a possible promotion of tumor growth by 
the allograft stem cells.7 

In 2016, Jiang et al. completed a meta-analysis of 
10 randomized control trials (RCT) that evaluated the 
role of autologous stem cells treatment for chronic 
lower extremity ulcers in patients with diabetes mellitus 
or peripheral vascular disease (PVD). The authors’ pri-
mary outcome was to measure changes in mean ulcer 
size and secondary outcomes included the relative risks 
associated with ulcer healing rates. The authors found 
that topical autologous stem cell therapy for ulcers of 
the leg and foot promotes wound healing by increasing 
activity of tissue repair cells, enhancing the release of 
growth factors, and increasing angiogenesis in the ulcer 
bed.7–9 The results of this study are consistent with a 
decrease in mean size of lower extremity ulcers after 
topical autologous stem cell therapy, when compared to 
control groups. It was further determined that there was 
no difference in efficacy between autologous stem cells 
obtained from different sources, such as from mobilized 
peripheral blood mononuclear cells and from bone mar-
row-derived stem cells, with both resulting in statisti-
cally significant (p< 0.05) better healing rates of lower 
extremity ulcers. Topical stem cell-based therapy for 
treating lower extremity ulcers was not associated with 
an increased risk in procedure-related adverse effects 
for up to a 4-year follow-up. However, the authors ad-
vise that further research is required to determine the 
optimal number of cells to deliver, the delivery method, 
as well as short-term success in ulcer healing as predic-
tive for long-term clinical outcomes such as risk for am-
putation.8  

A 2017 multicenter RCT by Bianchi et al. analyzed 
the successful clinical use of dehydrated human am-
nion/chorion membrane allograft in the topical treat-
ment of chronic, full-thickness venous leg ulcers 
(VLU).10 All patients included in this study had a VLU 
for at least 30 days, were greater than 18 years of age, 
and had an ankle-brachial pressure index of greater than 
0.75. Patients with ulcers penetrating to muscle or bone, 
or those that had clinical signs of infection, were ex-
cluded from the study. The authors defined time to 
complete ulcer closure over 12 weeks as their primary 
outcome, with percentage of patients who had complete 
ulcer closure by the end of 16 weeks as a secondary out-
come. Dehydrated human amnion/chorion membrane 
stem cell allograft is carefully prepared from placental 
donors by removing any hematologic components 
while maintaining the amniotic membrane with intact 
extracellular matrix (ECM.) This ECM contains multi-
ple cytokines and growth factors essential for proper 
wound healing and progression away from a chronic in-
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flammatory phase, such as platelet-derived growth fac-
tor and VEGF. In this study, 52 subjects were randomly 
selected to receive up to 12 applications of stem cell 
membrane allograft weekly along with standard care 
(debridement, moist dressing, and compression) and 57 
patients received only the standard care. At the 12-week 
endpoint, Bianchi and colleagues found a statistically 
significant (p<0.05) improvement in ulcer size in the 
stem cell group compared to the patients receiving only 
standard care. Furthermore, the authors indicated that 
the use of dehydrated human amnion/chorion mem-
brane on VLU demonstrates a safe and efficacious 
method for improved wound healing regardless of ex-
tent and presentation of other comorbidities, such as un-
controlled diabetes, smoking history, initial wound 
size, and musculoskeletal abnormalities.10 

 

CONCLUSION 
Chronic lower extremity ulceration is common, 

can be difficult to treat, and can lead to infection and 
amputation, if not treated promptly.7–10 This review 
highlights the efficacy of collagen-based dressings and 
stem cell allografts which may provide an optimal en-
vironment for ulcer healing by promoting proliferation 
of growth factors and by inhibiting proteases and other 
enzymes that suppress healing. Furthermore, both 
dressing types have been shown to reduce pain and in-
flammation while promoting cytokines proliferation. 
Although these treatment options are not intended to re-
place surgical intervention, they have shown to promote 
ulcer healing. Further research is needed to validate the 
use of collagen dressings and stem cell allografts for the 
treatment of chronic lower extremity ulcerations.  
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ABSTRACT 
Tranexamic acid is an antifibrinolytic agent which 

decreases the degradation of fibrin clots formed by the 
end of the coagulation cascade, decreasing total blood 
loss. This medication has been proven in international, 
multi-center randomized control trials to prevent deaths 
due to postpartum and traumatic hemorrhage. More re-
cently, tranexamic acid has been used to improve post-
operative outcomes following elective or semi-elective 
procedures. In orthopedic surgery, tranexamic acid is 
thought to reduce transfusion rates, length of hospital 
stays, wound complications, and postoperative pain. 
Research on tranexamic acid has focused on safe and 
effective formulations of the drug as well as improve-
ment of outcomes in specific procedures. This literature 
review presents evidence relevant to the use of tranex-
amic acid in foot and ankle surgery. 
 
INTRODUCTION 

Tranexamic acid (TXA) was developed in 1962 by 
Utako Okamoto, who published her findings in the Keio 
Journal of Medicine. TXA was first described as an an-
tifibrinolytic and hemostatic agent that could be used to 
reduce postpartum hemorrhage and therefore prevent 
maternal death.1 Now, TXA is also used to prevent 
death from traumatic injury hemorrhage, reduce heavy 
menstrual bleeding, and, in elective surgical settings, to 
reduce blood loss.2 In patients with bleeding disorders 
such a hemophilia A & B or von Willebrand disease, 
even minor dental procedures may result in uncontrol-
lable bleeding.3 In other situations, uncontrolled bleed-
ing occurs as a result of the extent or location of the 
procedure. Cardiovascular operations and major ortho-
pedic surgeries, such as total hip and knee arthroplas-
ties, often have increased amounts of blood loss, some-
times requiring postoperative transfusions.4 

Podiatric surgeries, especially complicated recon-
structive procedures and trauma cases, can result in 
large amounts of blood loss. Uncontrolled bleeding is 
of special importance in foot and ankle incisions be-
cause the thin, mechanically stressed soft tissue enve-
lope is especially vulnerable to hematoma and infec-

tion. Although there are many options to aid with chal-
lenging hemostasis,5 medications such as thrombin fac-
tor replacement therapy are derived from human or an-
imal sources in a process that is costly and limits avail-
ability and stability.6 TXA is a potential hemostatic 
agent which is cost-effective as well as safe to use.7 
This literature review serves as an introduction to TXA 
for the foot and ankle surgeon. 
 
PHARMACOLOGY REVIEW 

TXA has antifibrinolytic activity. The fibrinolysis 
pathway follows the end of the clotting and coagulation 
cascade after fibrin clots form in response to initial tis-
sue injury.8 Once fibrin clots are formed, plasminogen 
is activated by tissue plasminogen activator (t-PA) and 
urokinase, converting it into plasmin.8,9 Plasmin is an 
enzyme designed to keep fibrin clots from becoming 
too large and degrades products of fibrin clots, fibrino-
gen, and plasma proteins.9 In situations of excessive 
bleeding, the activity of plasmin can be targeted and 
slowed through the action of TXA.8,9 

As a synthetic derivative of lysine, TXA acts by 
binding to lysine chains on plasminogen, blocking its 
conversion to plasmin.9 Additionally, TXA competi-
tively binds to lysine sites on fibrin, preventing the in-
teraction of plasmin with fibrin and slowing the break-
down of fibrin clots that have formed.10 The evidence 
of TXA’s clampdown effect on the fibrinolysis pathway 
is shown through reduced blood levels of D-dimer, a 
byproduct released during fibrin degradation.8 

TXA is available in intravenous (IV), oral, and top-
ical formulations. The recommended dose of TXA in 
acute traumatic or post-partum hemorrhage is typically 
1–2 g IV.11 The recommended therapeutic dose of IV 
TXA in elective orthopedic surgery is 10–15 mg/kg.12 
When taken orally, TXA shows a systemic bioavaila-
bility of approximately 33% of the administered dose.12 
The recommended dose for menorrhagia is 3,900 mg 
per day of menstruation.11 Topical or injectable formu-
lations can be mixed with any combination of local an-
esthetic, steroid, or normal saline in a concentration of 
5–10 mg/mL.13,14 Studies have yet to quantify the 
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amount of systemic penetration that occurs after injec-
tion or flushes with TXA, but the amount of absorption 
would be even less than oral formulations. 
 
SAFETY 

TXA is minimally metabolized, with a high per-
centage of the drug being eliminated in the urine un-
changed, making serious drug interactions rare.12,15 Po-
tential adverse drug reactions that are of concern when 
using TXA include thrombosis, seizures associated 
with high doses, and renal impairment.15,16 Since TXA 
has effects on the clotting cascade, most studies of TXA 
safety have focused on thromboembolic events, and 
most studies show no significant increased risk of these 
events in patients treated with TXA (topical, oral, or IV) 
compared to placebo.15 A recent systematic review by 
Franchini et al. in 2018 reported the total risk of venous 
thromboembolism in patients receiving TXA in major 
orthopedic surgery.17 They identified 73 randomized 
controlled trials involving 4,174 patients receiving 
TXA and 2,779 controls. Researchers found that the 
pooled incidence of venous thromboembolism was 
2.1% in patients who received IV TXA and 2.0% in 
controls, with no significant difference between the two 
groups (p=0.745). 

A study by Murkin et al. 2010 compiled data from 
several studies and determined that there is an increased 
risk of clinical seizures when using high dose TXA (es-
pecially doses exceeding 100 mg/kg) in cardiac surger-
ies.16 This increased risk was attributed to cerebral em-
boli, inherent to these types of cardiac procedures, that 
altered the permeability of the blood-brain barrier and 
gained excessive access to the cerebrospinal fluid 
(CSF). When TXA gains access to CSF, decreased re-
gional cerebral flow can occur due to blockage of in-
hibitory cortical gamma-aminobutyric acid-A recep-
tors. Other studies have also shown an increased risk of 
seizures when TXA was injected into the spinal and 
subarachnoid spaces.18,19 However, cerebral emboli are 
a less pertinent problem in peripheral orthopedic sur-
gery than in major cardiac surgery, unless these proce-
dures include intramedullary rodding.20 Further studies 
are necessary to determine the specific risk of seizures 
due to TXA used in orthopedic foot and ankle surgery. 

Lastly, because TXA is mainly metabolized in the 
kidneys, accumulation of the drug and its byproducts 
can occur in patients with chronic kidney disease and 
accompanying uremia, leading to further renal impair-
ment.21 A study by Andersson et al. in 1978 recognized 
this problem and created a recommended system for 
TXA dosing adjustments in patients with chronic kid-
ney disorders to prevent further adverse reactions and 
impairment.21 As is the case with any medication, the 
risks and benefits to the use of TXA must be weighed 
with each individual patient in mind. 
 

BENEFITS OF TRANEXAMIC ACID IN 
ORTHOPEDIC SURGERY 

TXA has proven to significantly decrease blood 
loss. A meta-analysis performed in 2003 by Ho et al. 
analyzed 15 studies in which TXA was compared to IV 
saline during hip and knee total arthroplasties.22 They 
determined that the use of TXA dramatically decreased 
the percentage of patients needing transfusion, units of 
blood transfused, and the amount of blood lost per pa-
tient by an average of 460 mL. Theoretically, this sig-
nificant decrease in blood loss decreases tension and 
swelling on surgical incision sites, improving the post-
operative outcomes. 

In 2011, Ishida investigated the effects of TXA on 
postoperative edema after total knee arthroplasty.23 
TXA was applied directly to the surgical site through a 
closed-suction drain just prior to closure. The investi-
gators recorded the amount of edema in the thigh, su-
prapatellar region, and calf at weeks 1, 2, and 4 postop-
eratively. With TXA, edema in the suprapatellar region 
was significantly decreased at 1 week postoperatively 
and edema in the calf was significantly decreased at 2 
weeks postoperatively. This study did not correlate 
edema to postoperative pain or wound outcomes, but 
still provides promising evidence for TXA’s ability to 
optimize the peri-incisional wound environment. 

The direct effect of TXA on surgical wound com-
plications has been studied by other researchers. In 
2018, Kim et al. reported the effects of intraarticular in-
jection of TXA on outcomes after total knee arthro-
plasty (TKA) in patients who were taking rivaroxa-
ban.24 In the patients who had TXA and rivaroxaban 
(n=56) versus those with rivaroxaban only (n=102), 
there was a significant decrease in wound complica-
tions, 0% versus 11.5% respectively. In this study, in-
traarticular injection after capsule closure provides lo-
cal hemostasis while minimizing interaction with sys-
temic rivaroxaban. 

Unfortunately, there are few studies which report 
wound outcomes and these results are less dramatic 
when averaged out. A meta-analysis of 34 randomized 
control trials of TXA use in TKA found that only 16 
studies included non-thromboembolic complications 
related to hematoma, ecchymosis, or infection.25 Sub-
group analysis showed fewer adverse events with IV 
TXA administration (4.1% versus 4.3% without TXA) 
and intraarticular TXA administration (0.78% versus 
3.9% without TXA), but neither of these differences 
were significant. Nevertheless, the available studies 
show there is a potential benefit to using TXA to im-
prove wound outcomes and that it must be studied in 
specific procedures or contexts to determine where it 
might be most useful. In the foot and ankle, there are 
many possible contexts for TXA to provide benefit in 
postoperative swelling, wound healing, and pain. 
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EVIDENCE IN THE FOOT AND ANKLE 
Evidence of TXA in the foot and ankle literature is 

currently limited to one study of calcaneal fractures,26 
one poster presentation of various foot and ankle proce-
dures,27 and one study of total ankle arthroplasty.28 All 
three report promising outcomes with few adverse 
events. 

In 2015, Xie et al. published the results of a double-
blind randomized control trial of IV TXA versus saline 
control for Sanders type II or III calcaneal fractures 
which underwent open reduction internal fixation with 
a lateral extensile approach.26 Forty-one patients re-
ceived 15 mg/kg TXA dissolved in 100 mL 0.9% saline 
solution 15 minutes preoperatively and 42 patients re-
ceived IV saline of the same volume. Intraoperative 
blood loss, measured by change in weight of surgical 
equipment, sponges, and suction canisters, was less in 
the TXA group (20 mL versus 25 mL), but showed no 
statistical significance between the groups, likely due to 
the use of tourniquets in all patients. Postoperative 
blood loss into drains was statistically significant at 24 
hours, with 110 mL average in TXA group versus 320 
mL in the saline group (p<0.001). Wound complication 
percentage was significantly decreased (7.3% versus 
23.8%, p=0.036), and no dehiscence or hematoma were 
seen in the TXA group. Lastly, only one patient in both 
groups had an instance of a venous thromboembolism 
(VTE), but the authors excluded patients with existing 
coagulopathies or on anticoagulants from the study. 
This study is the highest level of evidence available on 
the amount of blood loss and wound complications re-
duced with the use of TXA in foot and ankle surgery. 
Although this study has respectable research methods, 
the sample size could be larger to further help validate 
the use of TXA. 

There is also evidence for the use of TXA in podi-
atric surgery in a 2016 American Academy of Ortho-
paedic Surgeons poster by Dr. Abidi et al.27 This ran-
domized study evaluated the use of TXA when given to 
patients undergoing any type of foot and ankle surgery 
with a single surgeon. The surgeons administered 1 g of 
IV TXA 20 minutes before incision time in 50 patients, 
and the other 50 patients received IV saline. A treat-
ment-group blinded reviewer evaluated images of post-
operative incisions and dressings taken after 2 and 6 
weeks and scored them on a scale of 0–3 based on 
amount of postoperative edema, ecchymosis, erythema, 
and fresh blood. Patients also completed a Foot Func-
tion Index survey to describe the level of pain at each 
visit. The TXA treated group had significantly less ery-
thema, edema, blood loss, and ecchymosis at both post-
operative visits and significantly lower Foot Function 
Index (FFI) scores. They did not report whether any 
VTE occurred. Although this study did not directly 
measure blood loss, the clinically relevant findings of 

improved wound appearance and patient satisfaction 
support the use of TXA in foot and ankle surgery. 

Most recently, Nodzo et al. in 2018 reported the ef-
fects of TXA during total ankle arthroplasty in a retro-
spective study.28 Fifty patients received Salto Talaris 
implant for total ankle arthroplasty at a single center by 
a single surgeon. Twenty-five patients received no IV 
TXA as part of their treatment, while a different group 
of 25 patients received 1 g IV TXA 20 minutes prior to 
tourniquet inflation. This study excluded patients with 
coagulopathies, renal disease, or cardiac disease. Drain 
output, preoperative to postoperative hemoglobin dif-
ference, and overall blood loss were all significantly de-
creased in the TXA group compared to the non-TXA 
group. There was no significant difference in visual an-
alog score or length of hospitalization. Five patients in 
the control group had wound complications compared 
to two patients in the TXA group, but this difference 
was not significant (p=0.114). There were no reported 
cases of VTE in either group. With this study, the effi-
cacy of TXA was once again proven with reduction in 
measured blood loss, much like Xie et al.’s calcaneal 
fracture study, but the functional results of the decrease 
in blood loss were less clear, as there was no difference 
in the outcomes of pain, hospital stay, and wound com-
plications. 
 
CONCLUSION 

All three studies of TXA in the foot and ankle show 
that it has the potential to improve postoperative wound 
and pain outcomes in trauma and elective surgery, just 
as it has been shown to improve outcomes in total knee 
and hip arthroplasties. Optimal hemostasis, in theory, 
decreases hemarthrosis and decreases postoperative 
wound complications, especially those caused by he-
matoma and seroma. Although there has not been pub-
lished evidence for this use, TXA may also be effica-
cious for hemostasis in aggressive amputations or inci-
sion and drainage procedures of the foot and ankle, 
especially when infection contraindicates tourniquet 
use. There is not enough data currently available to con-
clude that TXA use in foot and ankle is of significant 
benefit and should become part of routine perioperative 
hemostasis management. However, the groundwork 
has been laid for further investigations of TXA use and 
how it may help improve surgical outcomes for patients 
undergoing foot and ankle procedures. 
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ABSTRACT 
Saint John’s Wort (SJW), Hypericium perforatum, 

is a plant primarily studied for its treatment of depres-
sion. The plant has traditionally been used to treat many 
other diseases. Multiple case studies have illustrated the 
benefit of supplementing standard care with SJW in the 
treatment of chronic neuropathic ulcers and venous sta-
sis wounds of the lower extremity. This article reviews 
SJW’s antimicrobial activity, anti-inflammatory prop-
erties, wound healing potential, and toxicity. A major 
adverse effect of hypericin, a major component in SJW, 
causes phototoxic skin reactions. We propose that this 
plant should undergo further clinical investigation in or-
der to determine its potential role in the field of podia-
tric medicine. 
 
INTRODUCTION 

Saint John’s Wort (SJW), also known as Hy-
pericium perforatum, is a flowering plant that has pre-
viously undergone extensive research in the treatment 
of depression. The pharmacokinetics varies as SJW is 
an extract: how it is grown, prepared, and interacts with 
its own constituents all play a role in how it affects the 
human body. Thus, many parts of the world have his-
torically used this plant as a remedy for a broad range 
of conditions.1,2 In Turkish folk medicine, the water ex-
tract of SJW is used as a remedy for diabetes mellitus, 
heart disease, and neuralgia. SJW oil extracts, on the 
other hand, have been used orally and applied topically 
to treat cuts and burns.3–5 Thus, scientists are research-
ing SJW extensively to better understand the plant’s 
wide-spectrum of activity.  

Components found in SJW include hypericin, 
naphtodianthrones (such as hyperforin), flavonoids (an-
tioxidants), phenylpropanes, procyanides (tannins), 
xanthones, essential oils, and trace amounts of other 
compounds.6,7 Two constituents that have been widely 
studied are the compounds hyperforin and hypericin. 
These constituents have demonstrated antimicrobial 
properties against gram-positive bacteria.4 Addition-
ally, SJW has been shown to have anti-inflammatory 

properties and to aid in the restoration of collagen fi-
bers, fibroblasts, and epidermis of wounds.3 Although 
mixtures of SJW oil and extract are not irritants to ani-
mals, the non-mutagenic hypericin does cause photo-
toxic skin reactions in mice.6 This article aims to organ-
ize recent clinical research of SJW in an attempt to dis-
cover applications in podiatric medicine.  
 
ANTIMICROBIAL ACTIVITY 

SJW has a broad spectrum of activity against many 
microbes including, but not limited to, Gentamicin-
methicillin-resistant Staphylococcus aureus, Staphylo-
coccus epidermidis, Candida albicans, Brevibacillus 
agri, Propionibacterium acnes, Trichophyton men-
tagrophytes, and Microsporum canis. 4 An analysis of 
SJW constituents demonstrated that hypericin and hy-
perforin have antimicrobial properties against gram-
positive bacteria.4 Lyles et al. evaluated the chemical 
and antibacterial properties of SJW oil macerate as it is 
used in traditional medicine in Kosovar, which is part 
of Southeastern Europe.4 First, traditional Kosovar 
techniques were used to extract flowering aerial parts of 
SJW using vegetable oil. This mixture was then ex-
posed to the sunlight for 40 days to create the SJW oil. 
Lastly, the SJW oil was used to run a growth inhibition 
assay, a biofilm inhibition assay, and a quorum sensing 
inhibition assay in order to compare SJW extracts to 
other traditional oil macerates in terms of chemical 
composition and antibacterial properties against Staph-
ylococcus aureus. The results indicated that the tradi-
tional SJW oil macerates have a 50% minimum micro-
bial biofilm inhibitory concentration (MBIC50) ranging 
0.004–0.016% v/v and quorum quenching inhibitory 
concentration range of 0.064–0.512% v/v against many 
species of Staphylococcus aureus, including methicil-
lin-resistant Staphylococcus aureus (MRSA).4 Concen-
tration measurements are presented as percent volume 
of macerate over volume of the solution (% v/v) to re-
flect the liquid state of SJW in the preparation phase. 
Lyles et al. also discovered that SJW’s minimum inhib-
itory concentration (MIC) ranges between 100–1000 
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µg/mL.4 The higher MIC illustrates the lower potency 
of SJW when compared to chemicals such as vancomy-
cin (which has an MIC of 1–2 µg/mL against vancomy-
cin-sensitive MRSA).8 

While this SJW extract is much less potent, other 
studies have made more potent extracts through differ-
ent preparations. In an antifungal study by Sytar et al., 
when the SJW extract was kept in cool and dark condi-
tions, some of its MICs were much lower.9 Sytar’s 
MICs were vastly reduced for Candida ablicans (11.7 
µg/mL), Microsporum canis (11.7µg/mL), and Tri-
chophytom rubrum (2.93 µg/mL).9 With a similar pre-
paratory procedure, Gibbons et al. has shown SJW to be 
effective against MRSA, using a MIC assay, at a con-
centration of 64 µg/mL.10 Schemp et al. dissolved pure 
hyperforin, which is a constituent of SJW, in saline and 
Müller-Hinten agar and tested the effect of hyperforin 
on various bacteria using the ten-fold agar dilution-
method. Hyperforin inhibited growth in MRSA and 
PRSA (penicillin-resistant Staphylococcus aureus) at 
concentrations between 0.1–1 µg/mL.10 This MIC 
shows that SJW has the potential to have a potency sim-
ilar to that of vancomycin.11 These studies illustrate that 
the potency of SJW extracts depends largely on their 
preparation method. 
 
ATOPIC DERMATITIS 

Atopic dermatitis is a disease of the integumentary 
system that can cause epidermal lesions and xeroderma, 
leaving the skin more vulnerable to bacterial infection. 
In a randomized, double-blind study, Schempp et al. as-
sessed the effectiveness of topical hypercium cream 
with 1.5% hyperforin in wound healing and bacterial 
load reduction against its vehicle placebo in 21 patients 
with atopic dermatitis.12 The vehicle contained water, 
propylene glycol, white soft paraffin, neutral oil, tita-
nium dioxide, alumina, simethicone, hydrogenated 
castrol oil, cetyl stearyl alcohol, glyceryl stearate, bu-
tylated hydroxytoluene, and phenoxyethanol. Topical 
hypericum cream was applied on one leg and the pla-
cebo on the other leg twice daily for 4 weeks. The ef-
fectiveness was determined using a modified Scoring of 
Atopic Dermatitis (SCORAD) index, which measures 
the severity and the extent of erythema, excoriation, 
papulation, lichenification, crust, and scaling. The au-
thors also macroscopically identified Staphylococcus 
aureus colony forming units in the lesions using a bac-
terial contact agar plate. The study’s secondary out-
come is the measurement of these colonies’ size. An 
improvement of the skin lesion was observed in both 
groups, but the hypercium cream had a statistically sig-
nificant superior modified SCORAD index score on 
every clinical visit (p<0.05). A reduction of Staphylo-
coccus aureus colonization was observed in both pla-
cebo and hypercium cream, with hypercium cream 

showing slightly better anti-bacterial activity 
(p=0.064).12 
 
WOUND HEALING AND REPAIR 

SJW has been used as a remedy to treat wounds for 
centuries; the earliest records (found in the Balkan re-
gion) date back to 15th century.2 A more recent literature 
on the use of SJW on humans is a case report by 
Iabichella et al. about an elderly woman with lower ex-
tremity ulcers.13 The 67-year-old woman with uncon-
trolled type II diabetes and neuropathy presented with 
ulcers on the dorsum of her foot proximal to her left 
third and fourth digits. Within a week, the patient de-
veloped substantial necrosis with colonized Corynebac-
terium striatum localized to the undermining edges of 
the dorsum of the foot. Physicians treated her by plac-
ing a few drops of an extract of SJW and Azadirachta 
indica oil, directly in the ulcer and adding some drops 
directly onto the gauze dressing that was applied to the 
patient’s foot. After one day, the edges showed reduced 
inflammation and a clear demarcation between the 
granulation and the necrotic tissue. For the next six 
months, several measures were taken to improve the pa-
tient’s health: multiple surgical debridements, amputa-
tion of the third and fourth digits, better control of the 
patient’s diabetes and hypertension, antibiotic therapy 
for the Corynebacterium growth, and daily application 
SJW extract dressings. At the end of the 6 months, the 
patient showed complete recovery and was able to am-
bulate on her own. When analyzing which treatment 
was effective in avoiding a leg amputation, the SJW ex-
tract dressing has been effective because the patient’s 
inflammation had been reduced and fibrinolysis had be-
gun at the wound site when applied topically to the 
dressing before glycemic control had been estab-
lished.13 

Additionally, SJW plays a role in the inflammatory 
stage of healing through inhibiting gene expression in 
activated macrophages and T cells. This results in lower 
levels of interferon-γ, interleukin-17, and other pro-in-
flammatory cytokines.14 In rat and mice models, etha-
nol-based and ethyl acetate-based SJW extracts (used 
as topical ointments) have a dose-dependent inhibition 
of inflammation on rats that had been administered ace-
tic acid to increase their capillary permeability.3 At a 
higher dosage, the anti-inflammatory properties of the 
extracts are comparable to that of indomethacin, a non-
steroidal anti-inflammatory drug.3  

SJW is also able to stimulate fibroblast motility and 
collagen production. To investigate further, Yadollah-
Damavandi et al. applied a topical 5 mL and 10 mL 
SJW gel onto diabetically induced rats.15 Compared to 
the control group, which did not receive any treatment, 
collagen bundle volume density of the SJW groups was 
increased by 54.32% (p=0.028) in the 5 mL group and 
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56.75% (p=0.026) in the 10 mL group.15 In an in vitro 
study, Dikmen et al. found an increase in collagen pro-
duction by cultured mice cells (specifically by the 
mice’s NIH3T3 fibroblasts after the cells had been 
treated with SJW extract for 24 hours).5 In addition to 
the increase in collagen granule production, it was 
noted that there was an increase in the percentage of po-
lygonal shaped fibroblasts, which are believed to play 
an active role in wound healing through migration and 
wound closure.5 Overall, while one experimental study 
was conducted in vivo and the other in vitro, both illus-
trated the positive effects of SJW on collagen produc-
tion. 

The effects of SJW on inflammation and collagen 
production can be applied to human studies. Kunda-
kovic et al. conducted a prospective non-randomized 
pilot study to investigate the effects of an herbal-based 
ointment on venous ulcers.16 This ointment contained 
three main components: Calendula Officinalis, garlic, 
and SJW. The patients did not use any other supportive 
therapy. The study evaluated the presence of epitheliza-
tion, fibrin deposits, production of exudate, presence of 
edema, and control of microflora in 25 patients with ve-
nous ulcers for 7 weeks. At the conclusion of the study 
timeframe, patients were shown to have a statistically 
significant (p<0.05) reduction in the total surface area 
of ulceration from 33 cm2 to 14.5 cm2, with 5 com-
pletely healed ulcers.16 Of the wounds that were not ep-
ithelized, there was no increase in the colonization of 
the microflora Staphylococcus aureus and Pseudomo-
nas aeruginosa. The results of this study reiterated the 
effect of SJW in wound healing by showing how SJW 
stimulates fibroblast cells to migrate, produce collagen 
in order to promote closure of wounds and by showing 
how SJW limits bacterial growth.5  
 
SAFETY AND TOXICITY 

Acute toxicity studies of SJW in rats, rabbits, mice, 
and guinea pig models suggest that the extract of SJW 
is relatively nontoxic.6,7 In rabbit studies, extract and oil 
mixtures applied in a patch test produced little to no eye 
irritation. There is no available data to conclude repro-
ductive and developmental toxicity or carcinogenicity.6 
All genotoxic assays results were found to be negative 
for mutagenic activity, with the exception of an Ames 
test that showed mutagenic activity attributed to pro-
duction of flavonols and quercitin.6,7 

Similar results were found in chronic toxicity stud-
ies. Chronic toxicity in rats showed no significant dif-
ference in the levels of micronutrients found in the liver 
between SJW-fed group and the control group.6 How-
ever, SJW may result in adverse side effects if an indi-
vidual ingests 900 mg/day for 6 weeks or more. This 
includes itching, skin reddening, constipation, dizzi-
ness, anxiety, and fatigue. The presence of hypericin in 

SJW may cause a phototoxic skin reaction, referred to 
as hypericism.2,6 
 
CONCLUSION 

Saint John’s Wort is a potentially useful plant that 
can be used in podiatric medicine. Historical records 
described the effects of SJW in the treatment of burns 
and wounds. SJW is described in scientific literature as 
possessing broad-spectrum activity against many mi-
crobes, including multiple strains of Staphylococcus 
aureus. In both in vitro and in vivo studies, SJW has 
also been shown to reduce pro-inflammatory cytokines, 
stimulate fibroblasts, and increase collagen production. 
These properties make SJW a viable treatment option 
for many diseases of the lower extremity such as atopic 
dermatitis, venous ulcer, and chronic neuropathic ul-
cers. Although many scientific articles directly relevant 
to podiatric medicine are case and animal studies, they 
do provide valuable insight into the benefits of using 
SJW. Nonetheless, the need for further research with 
more human participants, such as randomized control 
trials showing the degree of effectiveness on venous or 
ischemic ulcers, is necessary to determine guidelines 
for the use of SJW in diseases and disorders related to 
the lower extremities.  
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ABSTRACT  

Intermetatarsal (IM) neuroma is a common fore-
foot pathology that causes pain. Multiple modalities are 
available for the treatment of IM neuroma, ranging 
from conservative to surgical. One controversial mo-
dality is the alcohol sclerosing injection. As a result of 
variation in study methodology, there is no consensus 
on the most effective injection technique, including in-
jection frequency, concentration, and follow-up dura-
tion. Two injection factors, however, are consistently 
successful in the literature: using an ethyl alcohol con-
centration greater than 4% and using ultrasound guid-
ance to assure intralesional and proximal injection. 
While the short-term efficacy of alcohol sclerosing in-
jections has been demonstrated, the long-term effects 
are not well established. Further research including 
double-blind, randomized controlled trials with longer 
follow-up is necessary to develop a standard approach 
for IM neuroma injection. 
 
INTRODUCTION 

Intermetatarsal (IM) neuroma results from perineu-
ral fibrosis, most commonly of the third common digi-
tal plantar nerve. Although originally described in the 
third interspace (termed Morton’s neuroma), today the 
term applies to non-neoplastic neuromas found in other 
interspaces as well.1–8 A patient with an IM neuroma 
will typically present with plantar pain between adja-
cent metatarsals and numbness and tingling to the af-
fected toes.1 The pain may be described as walking on 
a marble with burning, stabbing, and radiating sensa-
tions. It worsens with ambulation and tight shoes but 
may be mitigated by removing shoes and massaging the 
area. 

Although the given the eponym of Thomas George 
Morton, Morton’s neuroma was first detailed by anato-
mist Fillippo Civini in 1835 and soon after by surgeon-
chiropodist Lewis Durlacher.9 Durlacher believed in 
treating this affliction biomechanically with elevation 
or depression of the toe to alleviate pressure from the 

affected nerve.10 Today, the well-established treatment 
algorithm for painful IM neuroma follows a graded ap-
proach, beginning with biomechanical interventions 
such as shoe modifications and metatarsal pads, like 
Durlacher, and progressing to surgical excision for the 
recalcitrant IM neuroma.8 The success of conservative 
therapy varies from 30 to 85%.11 These results do not 
drastically differ from those of surgical excision, which 
details a success rate consistently below 80% and in-
cludes risks inherent to surgery.12,13 Possible complica-
tions of surgical neurectomies, for example, include re-
currence, stump neuroma, and complex regional pain 
syndrome.14 Not all patients are surgical candidates and 
some patients cannot accept these risks. Moreover, sur-
gical interventions do not target perineural fibrosis, 
while injection therapy may. Thus, injection therapy 
could be a viable and practical treatment modality be-
fore surgery for those whose IM neuroma is recalcitrant 
to biomechanical treatment. 

Injection therapy was popularized by Steinberg in 
1951 and later by Rasmussen et al. in 1996.15,16 Stein-
berg injected 85 patients with a vitamin B12 solution, 
detailing a 72% success rate defined as complete disso-
lution of pain, although there was no consistent follow-
up.15 In Rasmussen’s study, researchers injected 51 
Morton’s neuromas with a single corticosteroid injec-
tion and achieved pain relief for a minimum of 3 
months in 80% of cases.16 Although limited in their 
methodologies, these studies facilitated new research 
involving other injectables, such as ethyl alcohol.14 

While the literature regarding corticosteroid injec-
tions is comprehensive, not many studies exist on alco-
hol sclerosing injections. In 1999, Dockery first pro-
posed the alcohol sclerosing injection using a 4% ethyl 
alcohol solution and subsequently published his suc-
cess.2 Since then, there have been only 10 studies in-
volving alcohol injections for treating IM neuroma with 
varying conclusions. Some studies tout the benefits of 
these injections, while others caution against them. This 
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paper reviews the current literature on alcohol scle-
rosing injections for painful IM neuroma and addresses 
the need for an injection standard.  
 
PATHOPHYSIOLOGY 

An IM neuroma is a benign fusiform, non-neo-
plastic enlargement most commonly of the third com-
mon digital branch of the medial plantar nerve of the 
foot.14 Franson suggests that Morton’s neuroma is most 
often found in the third intermetatarsal space where 
both the medial and lateral plantar nerves run, increas-
ing the girth of the nerve.3 A second hypothesis sug-
gests that the increased mobility of the lateral column 
as compared to the medial column facilitates greater 
motion in the interspace, causing irritation and fibrosis 
of the nerve. 

While a true neuroma is of neoplastic origin, IM 
neuroma is degenerative.4,5,17 Other etiologies include 
nerve compression, irritation from the deep transverse 
intermetatarsal ligament, and repetitive microtrauma.18 
Histological features of IM neuroma include epineural 
thickening, fibrosis of epineural blood vessels, and in 
severe cases, loss of myelinated fibers.5 IM neuroma 
also has well-demarcated hyaline structures attached to 
the perineurium, known as Renaut bodies.17 These Re-
naut bodies support the hypothesis of compressive or 
traumatic pathophysiology as they form in response to 
repeated mechanical insult.5 Furthermore, Piña-Oviedo 
demonstrated that Renaut bodies express markers simi-
lar to those of perineural cells, suggesting the prolifer-
ative tissue surrounding the nerve is of perineural 
origin.17 Collectively, these changes result in spontane-
ous neural activity, mechanical sensitivity, and pain. 
 
ALCOHOL MECHANISM OF ACTION 

The effects of ethyl alcohol on neural tissue at a 
cellular level are currently not well understood. Perhaps 
the most well accepted proposed mechanism of action 
comes from Rengachary’s study demonstrating the use 
of glyceryl alcohol for trigeminal neuralgia. Because 
glyceryl alcohol’s functional group consists of three hy-
droxyl groups, its effects are comparable to that of ethyl 
alcohol, whose functional group is a single hydroxyl 
group.19 Rengachary used glyceryl alcohol, however, 
instead of ethyl alcohol because ethyl alcohol would 
diffuse into the cerebrospinal fluid rapidly, endangering 
the patient. 

Rengachary et al. injected rat sciatic nerves with 
5%, 10%, 25%, 50%, and 100% solutions of glyceryl 
alcohol. At 5% and 10% solutions, no changes were 
seen on microscopy.19 However, at 25% and 50% solu-
tions, the concentration of glyceryl alcohol was directly 
proportional to the percent of axons showing degenera-
tion. For example, at a 25% concentration of glyceryl 
alcohol, 25% of axons showed pathologic changes. The 

nerves injected with pure glyceryl alcohol showed de-
struction of the entire nerve with inflammatory infil-
trates, myelin swelling, and axonolysis.19  

In 1999, when Dockery first proposed ethyl alcohol 
sclerosing injections, he cited Rengachary, stating ethyl 
alcohol has a “high affinity for nerve tissue and pro-
duces neuritis and Wallerian nerve degeneration.”2 To 
further investigate Dockery’s claim and attempt to es-
tablish a correlation between the published results of 
ethyl alcohol injections with histological results, Ma-
zoch injected the sciatic nerves of rats with ethyl alco-
hol as a representation of IM neuroma.20 Twenty nerves 
were injected intraneurally, perineurally, or perimuscu-
larly with 4%, 20%, or 30% solutions of ethyl alcohol. 
After examining the nerves, no evidence of inflamma-
tory infiltrates or apoptosis was seen, demonstrating 
that neither neuritis nor nerve degeneration took place. 
This observation remained constant regardless of injec-
tion concentration and location.20 

Four authors published their findings of IM neu-
roma that failed alcohol injections: Dockery, Hughes, 
Pasquali, and Perini.2,6,21,22 In Dockery’s prospective 
study, 11 patients had 7 injections of 4% ethyl alcohol 
without symptom relief and progressed to surgical neu-
rectomy. Upon excision, these IM neuromas displayed 
atrophy and a decrease in size.2 This observation was 
anecdotal however, as histological examination was not 
performed. In Hughes’ study, 3 patients injected 4 times 
with 20% ethyl alcohol progressed to surgery. Upon 
histological exam, one injected IM neuroma “showed 
reduced cellularity and intraneural fibrosis.”6 In 
Pasquali’s study, 50 IM neuromas failed to improve af-
ter 3 injections of 50% ethyl alcohol.21 These findings 
supported that of Hughes, but these neuromas were also 
noted to have sclerohyalinosis and scarring. Further-
more, Perini examined 14 IM neuromas after five 50% 
ethyl alcohol injections.22 These nerves showed dam-
age, namely “sclerosis with hyalinosis, pyknosis, clear 
cytoplasm and apoptosis.”  

It is notable that Pasquali and Perini injected with 
50% ethyl alcohol and histological evidence of nerve 
degeneration was observed. While Hughes saw histo-
logical differences with a 20% ethyl alcohol solution, 
Mazoch, who only used one 20% ethyl alcohol injec-
tion, did not see the difference.6,20 Hughes only saw 
changes in one IM neuroma, however the patient re-
ceived 4 injections before neurectomy, suggesting re-
peated injections may have an additive effect.6 
 
COMPARATIVE ANALYSIS OF ETHYL 
ALCOHOL INJECTIONS 

Since the inception of alcohol sclerosing injections 
by Dockery, varying outcomes have been reported in 
the literature. While short-term results appear promis-
ing, long-term studies have not been as favorable.  
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In studies with a follow-up period under one year, 
alcohol sclerosing injections appear promising. Only 
one retrospective study, performed by Espinosa, 
demonstrated a poor success rate with only 22% of pa-
tients experiencing symptom relief.23 Espinosa, how-
ever, injected the IM neuroma using 20% ethyl alcohol 
and 0.25% bupivacaine from a distal to proximal ap-
proach and defined technical success as immediate pain 
relief with the aforementioned injection, demonstrating 
the effects of the local anesthetic. Symptoms were not 
elicited prior to injection and ultrasound guidance was 
not used. Thus, the lesion may have been missed, re-
sulting in a poor outcome. 

Other studies with less than 1-year of follow-up 
tout high rates of symptom resolution. Fanucci reports 
90% partial or total pain relief with 4 injections of 30% 
ethyl alcohol at a 10-month follow-up.24 Mozena found 
that 5 or more injections of 4% ethyl alcohol had an im-
provement rate of 74% versus 39% with less than 5 in-
jections with an 11-month follow-up.25 Similarly, Hyer 
reported a 73% improvement rate with 3–9 injections 
of 4% ethyl alcohol delivered “proximal to the point of 
maximum tenderness.” 11 Lastly, Pasquali found 74.5% 
of patients remained satisfied 12 months after 3 injec-
tions of 50% ethyl alcohol.21 

However, when analyzing studies with a follow-up 
period beyond one year, the satisfaction rates are not as 
consistent as those of the aforementioned studies. With 
a follow-up period averaging 13 months, Dockery re-
ports an 89% success rate with 3–7 injections of 4% 
ethyl alcohol injected proximally to the bulb of the IM 
neuroma.2 Notably, the inclusion criteria encompassed 
previously untreated IM neuromas which possibly lead 
to a falsely elevated success rate, as any intervention 
could have relieved pain. Because alcohol sclerosing 
injections are not a first line of treatment, these results 
are met with skepticism. Musson detailed an average 
follow-up of 14.3 months and published a 66% success 
rate with an average of 3.9 injections of 20% ethyl al-
cohol.7 With a follow-up of 19 months and 2–3 injec-
tions of 50% ethyl alcohol, Perini reported pain reduc-
tion in 89.1% of participants.22 Hughes discussed an av-
erage follow up of 21 months and an 84% success rate, 
defined as a complete resolution of symptoms with an 
average of 4 injections of 20% ethyl alcohol.6 

Lastly, only 2 studies exist with an extended follow 
up. Lorenzon and Gurdezi had follow ups of 2 and 5 
years respectively.8,26 Lorenzon divided patients by pa-
thology: those with isolated Morton’s neuroma (group 
A) and those with concurrent mechanical metatarsalgia 
(group B). Both groups were injected thrice with 30% 
ethyl alcohol.8 Those with mechanical metatarsalgia 
were also given orthotics with metatarsal pads. Patients 
in group B reported an initial satisfaction rate of 64%. 
However, of those with accompanying metatarsalgia 
who discontinued use of their orthotics, 67% reported 

new symptoms 6–18 months later. This demonstrates 
that symptom recurrence is associated with biomechan-
ical factors, which should be treated to prevent recur-
rence. Finally, with a follow-up of almost twice that of 
Lorenzon, Gurdezi’s results are even less promising. 
Gurdezi did not address biomechanical contributors and 
found only 29% of patients remained symptom free af-
ter 5 years.26 Perhaps this represents what is seen clini-
cally, explaining why these injections have fallen out of 
favor. This begs the question: do alcohol sclerosing in-
jections only offer short-term relief? An important note, 
however, is that all studies delivered consecutive injec-
tions approximately 14 days apart and no study reported 
worsening pain or symptoms after injection. 
 
CONSIDERATIONS AND IMPLICATIONS 

When comparing study results, several patterns 
emerged despite great variability in methodology. The 
most significant issue was the longevity of patient sat-
isfaction, with longer follow-up periods indicating less 
favorable results. More prospective studies with ex-
tended follow-up are necessary to analyze the lasting 
efficacy of ethyl alcohol sclerosing injections and de-
termine recurrence rates. Currently, only Lorenzon and 
Gurdezi have attempted this. Furthermore, Mozena 
finds a significant difference in patient reported success 
with an increased number of injections. This highlights 
the need for double-blind randomized controlled trials 
to determine the most effective number and frequency 
of injections. 

Ultrasound guidance also appears important in ad-
ministering sclerosing injections. If Renaut bodies re-
sult from increased perineurial tissue, then treatment 
should target perineural fibrosis via an intralesional ap-
proach.17 Ultrasound guidance may be necessary to 
identify the lesion, confirm intralesional needle place-
ment, and minimize damage to surrounding tissues. In 
support, seven of the previously discussed studies used 
ultrasound guidance.6–8,21,22,24,26 Another factor leading 
to satisfactory results was injection location. Injecting 
the proximal bulb of the IM neuroma from a proximal 
to distal approach yielded higher success rates than a 
distal technique, which potentially missed the bulb, as 
seen in Espinosa’s results. Thus, an ultrasound guided 
intralesional technique and proximal approach may 
produce the best results.  

Lastly, based on Mazoch’s work, it can be con-
cluded that the current accepted concentration of 4% 
ethyl alcohol is too low. Mazoch demonstrates the need 
to consider and explore higher concentrations, however 
the varying conclusions regarding different ethyl alco-
hol concentrations represent a large gap in the literature. 
In order to optimize alcohol sclerosing injections, it is 
imperative to determine the appropriate concentration 
required to induce the desired cellular changes. Never-
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theless, alcohol sclerosing injections should be consid-
ered before surgery and can be an effective alternative 
to an invasive procedure. 
 
CONCLUSION 

IM neuroma is a frequently encountered pathology 
that can lead to pain and a marked decrease in activity. 
While some find the pain manageable, others find it 
crippling. The goal of any effective therapy is to mini-
mize recurrence, allow for rapid return to activity, and 
result in high patient reported satisfaction. Thus, while 
surgical neurectomy is an option, conservative therapy 
is preferred. We believe that ethyl alcohol sclerosing in-
jections may be an effective treatment modality, but 
more research is required to optimize them. 

The problem with the current literature is a lack of 
consistency. All studies presented use different ethyl al-
cohol concentrations and injection techniques. Further-
more, the follow-up times range from months to years, 
and the number of injections varies widely. Without an 
extended follow-up period, the longevity of symptom 
relief following alcohol sclerosing injection remains 
unproven. Furthermore, no double-blind randomized 
controlled trials currently exist. We must determine that 
ethyl alcohol sclerosing injections continue to help be-
yond the short term and do not harm the patient long 
term. 
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ABSTRACT 

Plantar fasciitis, inflammation of the plantar fas-
cia, is a self-limiting disorder that results from the 
chronic overuse of the plantar aponeurosis. Common 
treatments for plantar fasciitis include stretching and 
night splints. However, when noninvasive, conserva-
tive treatments are exhausted, more aggressive treat-
ments such as injections are attempted. Corticosteroid 
injections are often administered because they reduce 
inflammation and inhibit fibroblast proliferation and 
ground substance. Recently, human amniotic mem-
brane allograft injections are also being used for their 
antibacterial, analgesia, and wound healing properties. 
This article aims to illustrate the effectiveness of treat-
ing plantar fasciitis with human amniotic membrane 
allograft and corticosteroid injections.  
 
INTRODUCTION 

Over a million people each year seek treatment for 
plantar fasciitis, the most common cause of heel pain.1 
The plantar fascia, also known as the plantar aponeu-
rosis, consists of longitudinally oriented fibers which 
are proximally attached to the medial tuberosity of the 
calcaneus and inserted distally into the sheath of the 
flexor tendons for each toe.2 Plantar fasciitis is defined 
as the inflammation of the plantar fascia caused by re-
petitive microtears at the calcaneal attachment of the 
fascia from prolonged standing or activity.1,3 Although 
most believe plantar fasciitis to be an inflammatory 
disorder, some researchers argue that with a lack of 
histological evidence of inflammation, plantar fasciitis 
is a degenerative disorder that should be classified as 
plantar fasciosis.4  

Patient history, physical exam findings, and risk 
factors are all taken into consideration when diagnos-
ing plantar fasciitis. Although patients experiencing 
post-static dyskinesia experience some relief after fur-
ther ambulation, excessive activity can aggravate the 
condition and hinder individuals from their daily ac-
tivities.5–7 During the physical examination, patients 

experience sharp pain upon palpation of the medial tu-
bercle of the calcaneus and pain in the medial longitu-
dinal arch upon Hubsher’s maneuver.1,2 Radiographs, 
magnetic radiographic imaging (MRI), and bone scans 
can be useful in determining the merit of various dif-
ferential diagnoses and can help to rule out calcaneal 
stress fractures as well as other bony lesions.6 Risk fac-
tors for plantar fasciitis include prolonged standing, 
excessive exercise, inadequate footwear, obesity, pes 
cavus, pes planus, and equinus.5–7 

Although approximately 90% of symptoms im-
prove with conservative treatment, this condition can 
take several months to resolve.8 Treatments for plantar 
fasciitis are estimated to cost the United States 
healthcare system around $376 million a year.8 There-
fore, it is imperative to determine treatment options 
that can resolve plantar fasciitis as efficiently as pos-
sible.  

The treatment modalities for plantar fasciitis 
range from noninvasive conservative to surgical.1,5 Af-
ter noninvasive treatment such as stretching, taping, 
shoe modifications, and night splints fail to diminish 
symptoms, injections are considered.1 Human amni-
otic membrane allograft and corticosteroids are two 
possible injection options. Although not yet widely 
used as a treatment for plantar fasciitis, human amni-
otic membrane has been used in regenerative therapy 
for over 100 years.8 Not only does the amniotic mem-
brane have an immunologically privileged status, it 
also contains a multitude of signaling molecules, inter-
leukins (IL), proangiogenic factors, and growth factors 
that promote tissue repair and wound healing.9,10 Cur-
rently, the more widely used treatment is corticoster-
oid injection. Corticosteroids aid the healing process 
by reducing inflammation and promoting tissue repair 
by inhibiting fibroblast proliferation and ground sub-
stance proteins.11 This literature review aims to illus-
trate the effectiveness of treating plantar fasciitis using 
human amniotic membrane allograft and corticoster-
oid injections. 
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HUMAN AMNIOTIC MEMBRANE 
ALLOGRAFT INJECTIONS 

The amniotic membrane is the innermost layer of 
the placenta consisting of an avascular stroma, an epi-
thelial layer, and a basement membrane. It also con-
tains amnion epithelial cells, amnion mesenchymal 
cells (also known as amniotic membrane-human mes-
enchymal stromal cells (AM-hMSCs), numerous types 
of collagen, fibronectin, laminin, fibroblasts, and 
growth factors.10 The various components listed above 
give the amniotic membrane antibacterial, analgesic, 
and wound healing properties.8–10 In both in vivo and 
in vitro studies, amniotic membrane has shown to de-
crease inflammation and enhance tissue healing in 
wounds.9,12 The reduction in inflammation is achieved 
by suppressing the expression of pro-inflammatory cy-
tokines IL-1α and IL-1β, and by inhibiting matrix met-
alloproteases, a group of enzymes responsible for the 
degradation of the extracellular matrix that are ex-
pressed by macrophages and polymorphonuclear 
cells.12 The amniotic membrane enhances tissue repair 
by mediating growth factors such as epidermal growth 
factor (EGF), transforming growth factor beta (TGF 
β), fibroblast growth factor (FGF), and platelet derived 
growth factor A and B (PDGF A and B). The growth 
factor FGF stimulates migration and proliferation of 
epithelial cells, while PDGF A and B stimulate general 
protein, collagen synthesis, and chemotaxis of fibro-
blasts among other metabolic processes.8 The immune 
privilege status of the amniotic membrane allows it to 
be used in the treatment of all patients, including the 
immunocompromised, without the fear of rejection.10 

In a prospective study, Zelen et al. determined the 
feasibility of treating plantar fasciitis with amniotic 
membrane allografts by injecting micronized dehy-
drated amniotic membrane into 50 patients with plan-
tar fasciitis.8 Dehydrated human amniotic/chorionic 
membrane (mDHACM) was used to avoid the risk of 
disease transmission that may exist with fresh human 
amniotic membranes. The mDHACM was processed, 
which dehydrates the tissue while both limiting tissue 
manipulation to maintain the integrity of the mem-
brane, and washing the membrane to reduce biobur-
den.9 Pain was measured using the Wong-Baker 
FACES scale while the AOFAS hindfoot scale was 
used to assess function and alignment.8 Results of the 
study indicated a pain reduction for patients injected 
with 0.5 mL mDHACM and with 1.25 mL mDHACM 
(p<0.001 and p<0.004, respectively). Patients who re-
ported “severe pain” prior to the injection therapy ex-
perienced a reduction to “mild to moderate” pain 
within week-1. Also, patients receiving 0.5 mL of 
mDHACM had a mean improvement of 51.6 points on 
the AOFAS hindfoot scale at week-8 while patients re-
ceiving 1.25 mL had a mean improvement of 53.3 
points at week-8 (p<0.001 for control versus 0.5 mL 

mDHACAM and p<0.002 for control versus 1.25 mL 
mDHACAM). The outcomes of the different volumes 
of mDHACM were not statistically significant. This 
feasibility study indicated that mDHACM can effec-
tively be used to treat plantar fasciitis.8 

In the study by Werber, 0.5 mL of human amni-
otic membrane and amniotic fluid (hAM-AF) was in-
jected with ultrasound guidance into 44 patients who 
had plantar fasciitis for longer than 6 months.10 Pain 
was then self-reported postoperatively using the visual 
analogue pain score (VAS). Four weeks post-injec-
tion, there was a significant reduction in pain score 
(p<0.05) in all patients injected with hAM-AF and an 
even further pain reduction (p<0.0001) was reported 
after 10 weeks.10 

In a pilot study, Hanselman et al. compared the 
cryopreserved human amniotic membrane (c-hAM) 
with a methylprednisolone acetate corticosteroid in-
jection.13 Both injections were administered into the 
plantar fascia in a manner that created microtrauma, 
which promotes the healing process. Fourteen patients 
in the control group received the methylprednisolone 
acetate injection, while the 9 patients in the study 
group received the c-hAM. Three patients in each 
group received a second injection of the appropriate 
type. Patients who received only one injection had a 
follow up time of 12 weeks while patients who re-
ceived a second injection (administered 6 weeks after 
the first) had a follow up time of 18 weeks. Pain was 
measured using the VAS. The 3 patients in the c-hAM 
group who received a second injection had a greater 
reduction in foot pain at 18 weeks (p=0.0113) than pa-
tients who received a single injection. Improvement 
with the second injection indicates that the amniotic 
membrane allograft may have a dose-dependent re-
sponse. There was no statistically significant differ-
ence in the VAS data between the study and control 
groups (p≥0.05). As no adverse events related to c-
hAM were noted and foot pain did improve with ad-
ministration of c-hAM, it can be concluded that c-
hAM is safe and comparable to corticosteroid injec-
tions.13 
 
CORTICOSTEROID INJECTIONS 

Corticosteroid injections are often used to allevi-
ate the symptoms of plantar fasciitis after noninvasive 
conservative treatments such as rest, stretching and or-
thotics have failed.6 Methylprednisolone and hydro-
cortisone are two of the many soluble corticosteroids 
that can be used.11 Corticosteroid injections alleviate 
short term pain via their anti-inflammatory effects. In 
2017, a Cochrane review on local corticosteroid injec-
tions for the treatment of heel pain concluded that cor-
ticosteroids reduce heel pain for one month.11 By in-
hibiting ground substance proteins and fibroblast pro-
liferation, corticosteroid injections may be helpful in 
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treating plantar fasciitis. Although rare, the potential 
side effects include plantar aponeurosis rupture, infec-
tion, skin pigment alterations, nerve damage, muscle 
damage, worsening heel pain, and fat pad atrophy.11 

In a randomized controlled trial (RCT) by Ball et 
al., a single steroid injection was compared to a single 
placebo (0.9% saline) injection for the treatment of 
plantar fasciitis in 65 patients with subtle signs of in-
flammatory enthesopathy. The steroid injection con-
sisted of an intermediate potency corticosteroid called 
methylprednisolone acetate. Twenty-two patients re-
ceived ultrasound guided steroid injection, 21 patients 
received palpation guided steroid injection, and 22 re-
ceived ultrasound guided placebo injection. Research-
ers also compared the outcomes of ultrasound guided 
and unguided injections, but for the purposes of this 
literature review, no emphasis will be placed on that 
comparison. The injection was administered into the 
posterior plantar heel of the patient. Heel pain was 
measured via VAS, pain upon palpation was measured 
using a heel tenderness index, while the thickness of 
the plantar aponeurosis was measured via ultrasound. 
In the corticosteroid group after 12 weeks, heel pain 
measured with VAS was 28.2 (p=0.009), heel tender-
ness index was 0.5 (p=0.002), and the plantar fascia 
thickness was 4.5 mm (p=0.001). This statistically sig-
nificant reduction in heel pain, tenderness, and plantar 
fascia thickness confirms the value of corticosteroid 
injections as a treatment for plantar fasciitis.14 

Another RCT by McMillan et al. analyzed the ef-
fectiveness of ultrasound guided corticosteroid injec-
tions by contrasting it with a placebo injection for the 
treatment of plantar fasciitis.15 This study used a high 
potency corticosteroid dexamethasone sodium phos-
phate. The 41 patients in the steroid group were in-
jected with 1 mL of 4 mg/mL dexamethasone sodium 
phosphate, whereas the 41 patients in the placebo 
group were injected with 1 mL of 0.9% saline. Injec-
tions were given on the plantar aspect of the heel with 
a medial oblique approach. The primary outcomes for 
this study included plantar aponeurosis thickness 
(measured using ultrasound) and heel pain and func-
tion (measured using FHSQ). Foot pain was dimin-
ished in the steroid group compared to the placebo 
group at all time points; however, only at 4 weeks was 
the difference (FHSQ of 58.9 for steroid versus 47.5 
for placebo) statistically significant (p=0.03). The re-
duction in plantar fascia thickness was statistically dif-
ferent at all time points. At 12 weeks, the plantar fascia 
in the steroid group had a thickness of 5.74 mm com-
pared to the placebo group with a thickness of 5.94 
mm (p=0.04). The authors speculate that the lack of 
adverse side effects such as post-injection flare or rup-
tured plantar fascia might be since dexamethasone was 

used and not an acetate compound. This study demon-
strated that a single ultrasound guided dexamethasone 
injection provided greater pain relief than the placebo 
at 4 weeks, proving that the injection is in fact an ef-
fective short-term treatment.15 
 
CONCLUSION 

Heel pain is often a result of plantar fasciitis and 
although corticosteroids are currently the norm for the 
treatment of persistent plantar fasciitis, studies have 
shown that human amniotic membrane allograft injec-
tions can be an effective alternative.11 While both am-
niotic and steroid injections reduce inflammation, their 
effect on the plantar fascia differs. Amniotic mem-
brane allografts mediate growth factors that support 
healing, while corticosteroid injections inhibit the fi-
broblast proliferation and ground substances, which 
decreases scar formation.11,12 High potency steroids 
can reduce pain in the short term, within 4 weeks, 
while the amniotic membrane allografts reduce pain 
over a longer period, 10 weeks or 18 weeks with 2 in-
jections.14,15 A possible disadvantage of using certain 
types of steroids are the adverse side effects such as 
plantar fascia rupture and fat pad atrophy.11 Presently, 
there are no reported side effects with the use of amni-
otic membrane allografts. However, further research 
should be conducted on the long-term extent of repair, 
side effects, and dose dependent response of human 
amniotic membrane allograft injections. 
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Implications of Foot Strike Pattern in Running for Lower 
Extremity Joint Injury 

 
Gautam Sowda, B.S. 

ABSTRACT 
Runners, by nature, are at a high risk for lower ex-

tremity injuries. As a result, many runners have turned 
to trends, such as barefoot running, stride length 
changes, and retraining foot strike pattern as means of 
preventing injury. Several recent studies have found 
that foot strike pattern in fact causes significant differ-
ences in forces at the hip, knee, and ankle joints. This 
literature review condenses relevant research to show 
that rearfoot strike patterns increase the impact on the 
knee joint whereas forefoot strike patterns increase the 
impact on the ankle joint. Therefore, a rearfoot strike 
pattern may cause knee injuries in patients and a fore-
foot strike pattern may predispose patients to ankle in-
juries. This information can be used for treatment and 
preventive care. There are shortcomings, however, in-
cluding contradictory findings regarding the hip joint 
and other factors affecting running. Additional research 
is warranted on the efficacy of retraining foot strike pat-
tern as a treatment method. Overall, understanding how 
foot strike patterns affect variables such as angle, force, 
and power at the hip, knee, and ankle joint is a powerful 
tool for physicians to personalize treatment of runners 
recovering from lower extremity injury or surgery.  
 
INTRODUCTION 
 Running is often accompanied by lower extremity 
injury; thus, runners are often looking for ways to re-
duce risk of injury. Physicians can play a role in helping 
runners make educated decisions to speed their recov-
ery and prevent injury. Recent research has shown that 
strike pattern may be more impactful than barefoot or 
shod conditions, and that human ancestors may have 
had primarily a forefoot strike (FFS) pattern, while 75% 
of modern shod runners exhibit a rearfoot strike (RFS) 
pattern.1–3 Foot strike pattern is characterized by the 
part of the foot that initially contacts the ground.4 The 
three categories of foot strike include midfoot, rearfoot 
and forefoot strike patterns. Midfoot and forefoot 
strikes are often lumped together as they share common 
biomechanical characteristics. In RFS, the heel contacts 

the ground followed by toe-off.4 In FFS, the metatarsal 
heads contact the ground, whereas the heel has no con-
tact with the ground whatsoever.4 Several studies have 
evaluated forces at the hip, knee, and ankle joints during 
FFS and RFS.3,5–8 All involved participants running on 
a treadmill or track with force data being collected and 
analyzed.3,5–8 While several of the studies measured 
slightly different parameters, they are all related to the 
differences in angles and forces experienced at the 
joints. At the hip, the variables evaluated are the maxi-
mum adduction angle of hip during running and the 
maximum impact force experienced. For the knee joint, 
forces at the patella are reported as well as the maxi-
mum angles of flexion, abduction, and adduction. At 
the ankle, the angle of dorsiflexion and forces on the 
Achilles tendon are measured. At all three joints, power 
absorption is reported to provide a measure of force 
over time. Understanding how strike pattern can affect 
forces at each joint can enable personalized care of run-
ners with previous injuries at any of these joints. 
 
HIP JOINT 

Forces at the hip joint during FFS and RFS are not 
well studied because the hip joint is close to the body, 
thus posing some anatomical difficulty.5 Additionally, 
there have been several contradictory findings pub-
lished regarding forces at the hip joint. A 2013 study 
with 30 runners found no significant difference in hip 
joint forces between RFS and FFS, despite hypothesiz-
ing that forces would be greater in RFS because in this 
pattern, the hip seems to be responsible for greater im-
pact energy absorption.6 Another study in 2014, with 16 
competitive male distance runners, also found no sig-
nificant difference in power, work, and impact force at 
the hip joint.7 The power-to-weight ratio at the hip joint 
in FFS was 5.93 W⋅kg-1 as compared to 4.91 W⋅kg-1 in 
RFS. This was not statistically significant (p=0.574) as 
the power output at the hip joint is identical in FFS and 
RFS. On the other hand, a 2017 study involving three-
dimensional analysis of forces at the hip in 22 runners 
found a statistically significant higher maximum peak 
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force at the hip in FFS than in RFS (p=0.0001).5 This 
information is not sufficient to determine if FFS or RFS 
may lead to more risk of hip injury due to peak forces. 
Because of contradictory results, further study of im-
pact force at the hip joint versus strike pattern is needed. 
However, data on peak hip adduction and hip angle 
when landing in FFS and RFS has been corroborated. 
A study with 12 participants found that the mean angle 
at the hip in FFS was 26.87° whereas with RFS it was 
28.60°, which was statistically significant (p=0.004).1 
Another study with 38 participants found that mean hip 
adduction in FFS was 13.1° and 17.0° in RFS, which 
again was statistically significant (p=0.010).3 These dif-
ferences in angle must be further explored with empha-
sis on anatomy of the joint to evaluate their effect, if 
any, on lower extremity injury. Current research indi-
cates no significant difference in forces at the hip joint 
between RFS and FFS therefore forces at the knee and 
ankle may be the primary differentiators between the 
two with regards to injury prevention.   
 
KNEE JOINT 

Recent studies demonstrate higher forces at the 
knee joint with RFS. One study found knee abduction 
moment to be 105% higher in RFS than FFS (p=0.010) 
and peak instantaneous power absorption was 49% 
higher at the knee in RFS than FFS (p=0.004).7 The 
negative power at the knee joint was also significantly 
greater in magnitude in RFS with a power-to-weight ra-
tio of -14.46 W⋅kg-1 versus -8.32 W⋅kg-1 in FFS 
(p<0.001). Negative power is an indicator of the power 
at the knee during eccentric extensor activity.7 Another 
experiment found significant differences in peak flex-
ion angle, abduction moment, patellofemoral joint con-
tact force, and patellofemoral stress. 3 Peak flexion an-
gle in RFS was greater at 50.9° versus 46.9° in FFS 
(p=0.003). Abduction moment was 1.97 N⋅m⋅kg-1 in 
RFS and 1.49 N⋅m⋅kg-1 in FFS (p=0.015). These values 
indicate increased stress on the knee joint in RFS due to 
the rotational force and the increased range of motion.3 
Two clinically important indicators of increased stress 
on the knee are patellofemoral joint contact force and 
patellofemoral stress, which if increased may cause 
misalignment or overuse resulting in patellofemoral 
pain, the most common disorder in runners.3 In RFS, 
these were 5.3 body weight (BW) and 13.0 MPa respec-
tively. In FFS, the same forces were lower at 4.1 BW 
(p=0.029) and 11.1 MPa (p=0.041). Additional studies 
and meta-analysis support these findings, indicating 
that an FFS pattern may be beneficial for runners with 
unstable or injured knees.9  

 
ANKLE JOINT 

Across the board, the angle of dorsiflexion at the 
ankle joint has been shown to be increased by an FFS 
pattern, but there are some contradictions regarding 

forces experienced at the ankle. A study focusing on 
forces at the Achilles tendon found increased peak an-
kle dorsiflexion angle in FFS (p<0.001), but did not find 
a difference in Achilles tendon force between RFS and 
FFS (p=0.957).8 Another study demonstrated similar 
findings regarding increased dorsiflexion in FFS 
(p=0.001), but also found an increased Achilles tendon 
force of 5.3 BW in RFS to 6.1 BW in FFS (p=0.02).3 
Other studies also support the increase of force at the 
ankle in FFS. One experiment found that the peak con-
tact force at the ankle was significantly higher in FFS 
at 12.2 BW with RFS being 10.9 BW (p<0.05).6 An-
other study found that peak ankle power absorption was 
45% greater in FFS (p=0.011).7 While most studies 
have shown that forces at the ankle are higher in FFS, 
one study did not find this to be the case. This contra-
dictory finding may be explained by the different run-
ning speeds of participants in each study. Faster running 
speeds were found to increase peak contact force at the 
ankle in both RFS and FFS, but more so in FFS reduc-
ing the difference between the two.6 Altogether, the in-
creased forces and angles of dorsiflexion of the ankle 
joint during FFS running show that FFS pattern may not 
be beneficial for runners with ankle instability and may 
increase risk of Achilles tendon injury.  

 
CONCLUSION 

Biomechanical analysis of forces at the hip, knee, 
and ankle joints may indicate the likelihood of injury to 
each joint with forefoot and rearfoot strike patterns. As 
discussed in several studies, RFS increase forces at the 
knee while FFS patterns increase forces at the ankle. 
Forces at the hip do not appear to be affected by strike 
pattern. There may be additional unexplored factors 
that could play a role in lower extremity injury, but foot 
strike is a key treatable contributor as retraining or or-
thotics can be used to alter running style. While addi-
tional studies on the efficacy of retraining foot strike 
pattern are warranted, physicians may be able to take 
the forces at each joint into account to personalize treat-
ment for runners recovering from surgery or injury of 
the lower extremity. 
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A Doctor’s Wonder 
Monique G. Rodriguez, B.S. 
 
I wonder how you are doing today. 
What happened when you had to move away? 
I question if you remember my name. 
Did anything manage to stay the same? 
 
I reflect on how you processed my news. 
How long did you end up feeling the blues? 
I struggle with how your life must have changed. 
Are you still sad, shocked, anxious, and enraged? 
 
I deliberate if you felt betrayed 
when the cancer decided to invade. 
I ponder if you ever found true peace. 
Did you live your days with complete release? 
 
My patient, I fear that you’re now a ghost. 
I’ll always wonder about you the most.  
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An Old Friend 
Phong H. Ta, B.S., M.S. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This artwork is inspired by the idea that macrophage use pseudopods to interact with its surroundings. These and other 
cells work as a team to provide the best care for the patient. Many of their actions are still not fully understood; they 
may have functions that scientists have not yet discover. We as physicians have much more to learn, but we will 
always work together with these cells.  
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