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A NOTE FROM THE EDITORIAL STAFF:

It has been a pleasure serving as the editorial staff for the National Foot and Ankle Review 2014-2015 
edition.  This project required many hours of dedication to both editing and organizing.  It has been a 
challenging and rewarding experience for all of the staff.  We would like to thank each of the student 
writers for their time and effort in their submissions.  The journal is only possible with the commitment 
of students willing to promote academic knowledge and research in the field of podiatric medicine.  We 
are proud to have students willing to partake in this endeavor and wish them continued progress and 
success in future research.  

The NFAR team would like to thank Dr. Eric Stamps for his support of the journal.  We would also like to 
thank Dr. Albert Burns for all his years dedicated to this journal.  Without their guidance, time, and effort, 
the journal would not have been possible.  Additionally, we would like to thank Carla Ross, Director of 
Alumni and Affairs, for her many hours of help with business relations and advertising.  Lastly, we would 
like to thank all of the generous sponsors for their support of student research.

We are grateful to have had this opportunity to publish another successful edition of the National Foot and 
Ankle Review.  
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CLASSIFICATION
Ankle fracture classification systems are used to help 
describe the fracture or ligamentous injury and to better 
understand the mechanism of injury, helping both with 
conservative treatment and with surgical intervention. 
There are two major ankle fracture classification systems: 
Danis-Weber and Lauge-Hansen, Table 1. 

DANIS-WEBER CLASSIFICATION
The Danis-Weber classification for fibular fractures has 
three general fracture types. Type A describes transverse 
avulsion fractures of the distal fibula at or below the distal 
tibiofibular joint line with the calcaneal fibular ligament 
undamaged.7 Type B fractures are trans-syndesmotic and 
comprise the majority of ankle fractures.7 The fracture 
pattern changes from transverse to oblique or spiral. 
They exist in stable and unstable forms. Unstable Type B 
fractures have medial malleolar or deltoid ligament injury, 
as well.8 Lastly, Type C has three subtypes, C1, C2, and 
C3, of which all subtypes are supra-syndesmotic and are 
simple, complex, and highly complex, respectively. This 
type is the most unstable, and thus the most severe.9,10

LAUGE-HANSEN CLASSIFICATION
The second and more widely used system is the Lauge-
Hansen classification, which categorizes injury patterns 
and mechanism based on the position of the foot and 
the deforming force.11,12 There are four subtypes for 
Lauge-Hansen: supination-adduction (SAD), pronation-
abduction (PAB), supination-external rotation (SER), 
and pronation-external rotation (PER). In these subtypes, 
the first word refers to the foot position, and the second 
word refers to the deforming force.10 
In stage 1 SAD, injuries can damage the lateral collat-
eral ligaments or avulse the distal portion of the fibula. 
In stage 2 SAD, compression of the talus against the tibia 

INTRODUCTION
Millions of Americans suffer from diabetes mellitus, 
and the incidence of this disease has been increasing. 
Approximately 9.3% of all people in the United States 
have diabetes, of which 21 million are diagnosed 
and 8.1 million are undiagnosed.1 Most individuals 
with diagnosed diabetes mellitus are over the age 
of 45, and 15.5 of the 28 million diagnoses (55.4%) 
are men.1 Patients with diabetes mellitus have many 
conditions conditions that may complicate surgery, 
particularly wound healing, infections, and fractures. 
Coexisting conditions related to diabetes include heart 
disease, blindness, nephropathy, and neuropathy.1 
Hyperglycemia, resulting in non-enzymatic 
glycoslyation, is the primary cause of Type 2 diabetes 
mellitus (T2DM).2 Poorly controlled blood glucose can 
be detrimental. Three common medical complications 
include peripheral neuropathy, immunopathy, and 
angiopathy. As a result of these problems, it has been 
reported that in individuals age 20 years or older, 60% 
of all non-traumatic lower-limb amputations occur in 
people with diabetes mellitus.1 As a result, great care 
must be taken when performing foot and ankle surgery 
in patients with diabetes mellitus.
Ankle fractures are a common problem treated by foot 
and ankle surgeons. According to Shibuya et al., from 
2007 to 2011, over 280,000 foot and ankle fractures/
dislocations were reported, of which 56% were ankle 
fractures.3 Other studies have indicated that over 
260,000 Americans have an ankle fracture every year.2,4 
A recent study stated that 2 out of 5 people will develop 
diabetes in their lifetime.5 Given the high incidence of 
both diabetes mellitus and ankle fractures, the chances 
are high that patients with an ankle fracture may also 
have underlying diabetes mellitus.6 

Factors Affecting the Treatment of Ankle 
Fractures in Patients With Diabetes Mellitus

Nicole Cates B.A.; Matt Doyle M.A., M.S.; Ashley Haines B.A., B.S.; Viktoriya 
Krepkiy B.S.; and Stephanie Mita B.S.
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inferiorly causes a vertical fracture of the tibia with no 
ligamentous injury medially.
PAB involves pronation of the foot and eversion of 
the talus. Stage 1 PAB causes deltoid ligament rupture 
or avulsion of the medial mallelous. Stage 2 PAB is a 
continuation of talar movement with injury to the anterior 
or posterior inferior tibiofibular ligaments (AITF or PITF) 
and possible avulsion of anterolateral fibula (Tillaux-
Chaput fracture) and anterior fibula (Wagstaffe fracture). 
Finally, in stage 3 PAB, a characteristic butterfly fracture 
of the distal fibula is present.
The most common ankle fracture is the SER injury. In 
stage 1 SER, a supinated foot with rotation of the leg 
internally ruptures the AITF with a Tillaux-Chaput or 
Wagstaffe fracture. Progressing to stage 2, the most 
common injury, a spiral fracture of the fibula occurs due 
to the excessive talar rotation. Stage 3 SER includes PITF 

rupture and Volkman fractures. Lastly, stage 4 SER can 
include deltoid ligament rupture and medial malleolar 
transverse fractures.
Stage 1 PER involves a deltoid ligament rupture or a 
medial malleolar transverse avulsion fracture. In stage 
2 PER, as more external rotation occurs, the ATFL, 
intraosseous ligament, and intraosseous membrane 
can rupture. If the ligaments are not compromised, 
a Wagstaffe or Tillaux-Chaput fracture occur. A 
Maisonneuve fracture is characteristic of stage 3, which 
is a high fibular spiral fracture.13 In the final stage, 
stage 4 PER, the PITF ligament ruptures, or there is a 
Volkmann fracture of the tibia.11,14

Lauge-Hansen Classification
Stage 1 Stage 2 Stage 3 Stage 4 Weber

SAD
LCL rupture 
or transverse 
avulsion of 
lateral malleolus

Vertical fracture 
of medial 
malleolus

NA NA A

PAB
Deltoid ligament 
rupture or 
transverse 
avulsion fracture 
of medial 
malleolus

AITFL and 
PITFL rupture, 
or Tillaux-
Chaput or 
Wagstaffe 
fracture

Oblique fracture 
of the lateral 
malleolus at 
the level of the 
ankle joint

NA B

SER
AITFL rupture 
of Tillaux-
Chaput or 
Wagstaffe 
fracture

Spiral fracture of 
fibula extending 
from the joint 
superiorly

PITFL rupture 
or Volkmann’s 
fracture

Deltoid ligament 
rupture or 
transverse 
medial malleolar 
fracture

B

PER
Deltoid ligament 
rupture or 
transverse 
medial malleolar 
fracture

AITFL rupture 
or Tillaux-
Chaput or 
Wagstaffe 
fracture

Interosseous 
membrane 
rupture and 
Maisonneuve 
fracture

PITFL rupture 
or Volkmann’s 
fracture

C
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DIABETIC COMPLICATIONS AND 
CO-MORBIDITIES
Diabetes mellitus is a chronic illness that can have 
long-term repercussions if not managed continuously. 
Three common microvascular or microangiopathy 
complications of T2DM are retinopathy, nephropathy, 
and neuropathy.15 A commonly found macrovascular 
or macroangiopathy complication found in T2DM 
is cardiovascular disease.15 Another complication is 
immunopathy, which may impair healing.15 Many 
examinations and medications are available to help with 
early disease detection, as well as to slow progression 
of these complications.15 

NEUROPATHY
A common microvascular complication of diabetes 
is neuropathy. Diabetic polyneuropathy (DPN) is 
impaired signaling of the peripheral neurons supplying 
the extremities.19 Hyperglycemia, hypertension, and 
dyslipidemia have been shown to be risk factors 
associated with polyneuropathy.20 Without neural 
feedback, patients may not detect an ankle fracture or 
foot problem. Glucose control can delay development 
of neuropathy. Nerve conduction studies may identify 
slow conduction velocity or reduced amplitude of 
the conduction.22 The combination of the Semmes-
Weinstein 10-g monofilament and the 128-Hz tuning 
fork are valid methods of detecting DPN.21 An ankle 
fracture in a patient with neuropathy is of great concern. 
There is also a risk for malunion or nonunion in ankle 
fractures when there is lack of proper proprioception or 
nociception.23 This suggests that these patients are not 
able to use pain and sensation to detect injury.19

CARDIOVASCULAR DISEASE
The primary macrovascular complication of T2DM, 
cardiovascular disease (CVD), also has a direct effect 
on healing of wounds and fractures. In patients with 
diabetes mellitus, atherosclerosis and peripheral arterial 
disease can slow healing time, so adequate blood 
supply needs to be assessed.24 A relationship has been 
found between atherosclerotic vessels in patients with 
diabetes mellitus and poor bone mineralization.25 There 
are links between hyperglycemia and hyperlipidemia 
and CVD, as well.26 The goal of treatment for all 
complications, macro- and microvascular, is glycemic, 
lipid, and blood pressure control.25,26 Good management 
of these variables may improve ankle fracture healing.

IMMUNOPATHY
Another major diabetic complication is immunopathy, 
which is a deficient or abnormal immune response. 
Diabetic immunopathy has an effect on the 
microvascular and macrovascular complications, and 
these can, in turn, impact immunopathy. For example, 

production of inflammatory cytokines and an increased 
leukocyte count in reaction to an infection can cause 
renal damage27,28 In the foot and ankle, immunopathy 
can be the difference between a salvaged limb and 
an amputation. Foot ulcers are common, and ulcer 
infections may not be diagnosed as quickly as in 
non-diabetic patients because of impaired immune 
response.27 Identification and early treatment of an 
infection in a diabetic foot ulcer are vital to prevent 
further destruction of the limb to prevent sepsis.29,30 

The increased release of TNF-alpha in diabetes can 
also have an effect on bone remodeling.27 TNF-alpha 
influences osteoclasts in two ways. One is to accelerate 
excess cartilage removal, impairing bone repair. The 
other involves a dysfunctional TNF-alpha receptor, 
leading to decreased osteoclast activity and inadequate 
cartilage removal.27 

FRACTURE RISKS ASSOCIATED WITH 
DIABETES
Studies have speculated on the association between 
diabetes and fracture risk and the findings have been 
polarizing. According to a prospective study by Ivers et 
al., there is limited research on the connection between 
diabetes and fracture risk,17 While many hypotheses have 
been proposed, no definitive conclusion has been reached. 

One hypothesis is that low bone mass associated 
with diabetes increases fracture susceptibility. Bones 
with low mass have decreased bone quality and 
increased fragility, and therefore an increased risk 
for fractures. Bone mineral density (BMD) is used to 
diagnose patients with osteoporosis, a disease of the 
bones in which bones become brittle and fragile.32 

Osteoporosis is an asymptomatic disease, until it results 
in a fracture.31 The connection between osteoporosis 
and fractures makes it a major public health problem.31 

The World Health Organization (WHO) uses the mean 
BDM in young adults as a comparison for the diagnosis 
of osteoporosis.31 Although dual x-ray absorptiometry 
(DXA) is used to measure BMD, it is not a perfect 
diagnostic tool, due to its inability to detect the micro-
architecture of bone.31

Chau et al. attempts to explain the connection 
between bone loss and T1DM.31 Chau based the 
hypothesis on animal and cellular models, proposing 
that diabetic bone metabolism is influenced by insulin-
like growth factors (IGFs) and other cytokines.31,33 The 
initial onset of patients with T1DM typically occurs at 
a young age. During this developmental stage, bone 
mass is accruing.31 According to Chau, the IGFs and 
cytokines would have a debilitating affect on bone 
metabolism, thus resulting in low bone mass.31 Ivers 
speculates that poor glycemic control and its effects on 
bone metabolism result in a net bone resorption, which 



Volume 17, Page 7

the effects of poor vision, the more likely explanation 
is the presence of diabetic retinopathy, an indication 
of severe diabetic microvascular disease.17 Ivers found 
that after a two-year follow up, adjusted for age and 
sex, the risk of fractures was directly correlated with 
the presence of diabetic retinopathy.17 Ivers also found 
a strong association between risk of all fracture with 
blood glucose levels, duration of diabetes, treatment 
type, and the presence of severe cortical cataracts.17 
It was concluded that these diabetes-related variables 
serve as indicators for more severe diabetic disease and 
the resultant increase in the risk of fractures.17 

BONE HEALING IN TYPE I DIABETES 
MELLITUS (T1DM)
Many experimental and clinical studies have 
demonstrated the effects of T1DM on fracture healing in 
diabetic animals and in humans. In T1DM, studies have 
shown decreased progenitor cell proliferation, increased 
cartilage resorption, decrease in callus cartilage and 
bone content, and decreased biomechanical strength. A 
decrease in bone mineral density early on in T1DM is 
associated with increased bone fragility and fractures 
later on in life.37 Some of these effects have been 
partially corrected with insulin therapy, suggesting 
an important role for insulin in bone metabolism and 
fracture healing.38-42 In addition to its functions in glucose 
transport and synthesis, insulin acts as a vasodilator by 
releasing nitric oxide (NO), as an anti-inflammatory by 
inhibiting the actions of nuclear factor-κB (NF-κB), and 
as a mediator in the MAP kinase pathway to promote cell 
growth and proliferation.43

Most rodent models of diabetic fracture healing 
are models of T1DM, such as the DM BB Wister rat, 
which develops diabetes through selective autoimmune 
destruction of pancreatic β cells. In a study by Beam 
et al., the researchers found that in the DM BB Wister 
rat, the diabetic fracture callus demonstrated reduced 
cell proliferation and collagen synthesis during early 
fracture healing.44

Santana et al. generated a streptozocin-induced 
T1DM mouse model with BALB/cByJ mice and 
compared the healing of craniotomy defects in 
diabetic mice compared to non-diabetic mice. Circular 
craniotomy defects with diameters 1.0, 1.6, or 2.1 mm 
were created in both groups. Two weeks later, in the non-
diabetic mice, the 1.0 mm defects were healed almost 
completely, and the 1.6 mm and 2.1 mm defects were 
partially healed. In the diabetic mice, bone bridging was 
inhibited by approximately 40% compared to the non-
diabetic mice for all craniotomy sizes, demonstrating 
inhibited bone healing.39

In a streptozocin-induced T1DM rat model study 
by Macey et al., the researchers found that at two 

then leads to low bone formation.17 These conclusions by 
Chau and Ivers correlate with the Study of Osteoporotic 
Fractures by Seeley et al., which determined that T1DM 
was associated with an increased risk of fractures of the 
foot.17,31,34 The Iowa Women’s Health Student study by 
Nicodemus et al. found that women with T1DM had a 
12.25 times increased likelihood to fracture.33 Chau et 
al. found that the longer duration of diabetes, the lower 
the bone mineral density.31

In Ivers' study, a higher fracture rate was found 
in patients with T1DM compared to T2DM.17 This is 
due to an association between T1DM and decreased 
bone mineral density, whereas T2DM is associated 
with increased bone mineral density.17 Ivers speculated 
that this could the result of the effect of insulin on 
bone metabolism.35 As previously stated, a low BMD 
is correlated with osteoporosis and an increased risk 
of fracture. Janghorbani et al., in a systemic review of 
diabetes and risk of fractures, found a positive association 
between T1DM and hip fracture, and the association with 
T1DM was stronger than that with T2DM.36 However, 
the study found a statistically significant positive 
association between T2DM and hip fracture incidence.36 
These findings strongly support the association between 
increase risk of hip fracture in men and women in both 
T1DM and T2DM.36

Increased fracture risk in T2DM is described by 
Chau who speculates that since the typical T2DM 
population is obese and sedentary, they have decreased 
coordination and balance.31 This puts this population at 
a higher risk of fractures due to a decrease in protective 
barriers.31 An association between larger body size, 
higher bone mass and higher fracture rates was found in 
Chau’s study.31 Poorly controlled diabetes was also found 
to have an increased fracture rate, which would further 
compound the obese and sedentary lifestyles theory.31 
In the large prospective study “Study of Osteoporotic 
Fractures,” Schwartz et al. found older women with 
T2DM had a higher fracture rate of the hip, humerus, and 
foot than non-diabetic women, supporting the concepts 
proposed by Chau.31 Janghorbani et al. found there was 
no significant association betweenT2DM and fracture of 
the ankle, however there was a statistically significant 
association between T2DM and foot fracture.36

A third hypothesis speculates that increased risk 
of falling due to peripheral neuropathy, hypoglycemia, 
nocturia, and vision impairment increases fracture 
rates in T2DM. Chau’s study found a statistically 
significant association between diabetic retinopathy, 
diabetic neuropathy, and cortical cataracts with an 
increase fracture risk.31 Chau speculates that the patient 
with poor vision, balance, and gait impairment are at 
a higher risk of falls, and therefore fractures.31 Ivers 
argues that although this connection is possibly due to 
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levels between 130-160 mg/dl), the MKR mice 
(250-400 mg/dl) had weaker and less stiff femurs; 
the MKR femurs were able to sustain 20% lower 
maximum load, stiffness was 24% lower, and post-
yield deflection was 50% higher. The researchers also 
found that although MKR femur and tibia lengths were 
not significantly different, the MKR femurs at 8 and 
16 weeks demonstrated smaller total area, marrow 
area, and cortical as compared to wildtype, indicating 
suppression of periosteal expansion correlated with 
a measured increase in osteoclast activity at both the 
periosteal surface and endocortical surface.37

Roszer et al. used C57Black/6 obese leptin 
receptor deficient diabetic db/db mice, a model 
of insulin resistance and T2DM, and compared 
them to age-matched lean non-diabetic mice. The 
researchers found that, 30 days after femoral fracture, 
a fully ossified callus developed in wild type mice, 
whereas lateral transition of the fractured bone ends 
and malunion were observed in diabetic mice. The 
diabetic mice also showed comparatively delayed 
cartilage-to-bone transition and enhanced chondrocyte 
apoptosis. Additionally, a marker for cartilage callus 
microvascular invasion known as laminin, as well as 
vascular endothelial growth factor-A (VEGF-A), were 
both found to be low in diabetic mice and marked in 
wild type mice. All of these measures suggested that 
T2DM mice have reduced osseous healing after femoral 
fracture compared to non-diabetic mice.50

Al-Mashat et al. studied soft tissue repair, hard 
tissue repair, and apoptosis after bacteria-induced 
scalp wound in T2DM db/db mice compared to 
normoglycemic controls. The researchers measured 
mRNA levels of apoptotic genes such as those for 
caspases, death-inducing ligands, death receptors, and 
transcription factors; they found that in the diabetic 
mice, 63 pro-apoptic and 8 anti-apoptotic genes were 
increased two-fold. The researchers also compared the 
coupling of bone loss with bone formation, measuring 
three-fold less coupling in the diabetic mice, with a 1.4-
fold improvement of coupling in diabetic mice with 
a caspase inhibitor.61 This study proposed that due to 
increased expression of many apoptotic genes, T2DM 
mice have impaired soft and hard tissue repair.51

A study by Brown et al. involved surgical 
transection of the tibia in high fat diet-fed male 
C57BL/6J mice and in control lean diet-fed male 
C57BL/6J mice. Preoperative glucose tolerance testing 
showed that the HFD-fed mice could not restore basal 
blood glucose levels 120 minutes after glucose bolus, 
whereas the control mice restored basal blood glucose 
levels after 90 minutes. At day 28, the HFD-fed mice 
showed significantly decreased woven bone area as 
a percentage of total callus. Additionally, adipocytes 

weeks post-femoral fracture, diabetic rats showed a 
29% decrease in tensile strength and a 50% decrease 
in stiffness compared to controls. Within the diabetic 
group, the fracture callus of rats treated with insulin 
demonstrated the same strength and stiffness as non-
diabetic controls. In addition, in untreated diabetic rats, 
the fracture callus showed a 50% decrease in collagen 
content and a 40% decrease in DNA content compared 
to controls, again demonstrating inhibited bone healing 
in T1DM rats.41

BONE HEALING IN TYPE II DIABETES 
MELLITUS (T2DM)
T2DM demonstrates a similar increased fracture 
risk and increased delay in fracture healing, but the 
mechanisms are not well understood. A study by 
Loder et al. investigated the influence of insulin-
controlled diabetes and diet- or oral hypoglycemic-
controlled diabetes on the healing of 31 closed 
fractures of the lower extremity—in the femur, 
tibia, and ankle.45 The 21 insulin-controlled diabetic 
fractures demonstrated a 1.57x increase in healing 
time compared to expectations based on literature 
review for each fracture type and treatment method, 
and the ten diet- or oral hypoglycemic-controlled 
fractures (two in the femur, two in the proximal 
tibia, two in the tibial shaft, and four in the ankle) 
demonstrated a 1.76x increase in healing time.45 The 
researchers proposed that in oral hypoglycemic-
controlled diabetics, a larger new bone mass is 
required to achieve union across the fracture site.45

Many studies have found that while T1DM is 
associated with decreased bone density, T2DM is 
associated with increased bone density.17,18,37,45-48 Thus, 
increased fracture risk in T2DM cannot be attributed 
to decreased bone mineral density, but rather to an 
altered construction or distribution of the constituents 
of bone.37,46-47 To investigate this possibility, a study 
by Burghardt et al. used high-resolution peripheral 
quantitative computed tomography (HR-pQCT) to 
examine the cortical and trabecular microarchitecture 
in the radius and tibia of patients with T2DM. They 
observed 124% higher cortical porosity in the distal 
radius and 36% higher cortical porosity in the tibia 
of T2DM postmenopausal female patients (n=19) 
compared to age-matched controls (n=19), suggesting 
a possible explanation for increased fracture risk in 
T2DM.49 

MKR type 2 diabetic mice, a non-obese transgenic 
mouse model of T2DM generated by blocking the 
insulin and IGF-signaling pathways in skeletal muscle, 
are born with hyperinsulinemia and insulin resistance 
in muscle. A study by Kawashima et al. found that 
compared to wild-type mice (with fed blood glucose 
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MANAGEMENT OF CLOSED ANKLE 
FRACTURES IN DIABETIC PATIENTS
Diabetic patients with closed ankle fractures have a 
significantly increased mortality rate, postoperative 
complication rate, infection rate, and length of hospital 
stay.4 Treatment and management of closed fractures in 
patients with diabetes mellitus may be complicated by 
peripheral neuropathy and peripheral arterial disease.4 
Surgical management of closed fractures in patients 
with diabetes mellitus is also associated with higher 
complication rates.

In a 1998 study, McCormack and Leith compared 
complication rates of surgical versus conservative 
management of diabetic malleolar fractures, as compared 
to an age-matched and fracture-matched non-diabetic 
group.33 Out of the 26 patients with diabetes, 7 were 
treated conservatively with casting and immobilization, 
while 19 received surgical intervention. In the diabetic 
group, 13 were insulin-dependent, and the remaining 
13 were controlled by diet and/or oral hypoglycemic 
medications; the researchers found no significant 
difference in complications between these two diabetic 
groups. The overall incidence of complications in 
the diabetic group was 42.3%, as compared to a 0% 
complication rate in the non-diabetic group. In the 
surgical treatment group, 6 (31.6%) developed serious 
complications, including necrosis of the wound 
edge, deep wound infection with septic arthritis, and 
amputation (the two patients receiving amputation later 
died). In the conservative treatment group, 5 (71.4%) 
led to asymptomatic malunion, and they had no skin or 
soft tissue complications.33

Connolly and Csencsitz investigated complications 
after six ankle fractures in five T1DM patients. In three 
cases, the researchers observed complications related 
to casting. In Case 1, one week after casting for an 
undisplaced bimalleolar ankle fracture, necrotizing 
fasciitis from fracture hematoma required radical 
debridement of the calf and thigh; sepsis and muscle 
necrosis necessitated below the knee amputation 10 
days after injury. In Case 2, after minor ankle injury, 
the patient was treated with bracing and intermittent 
casting; the injury then progressed to complete 
talar dislocation, with weight bearing on the medial 
malleolus leading to a significant pressure ulcer. After 
healing of the ulceration, calcaneal tibial arthrodesis 
and partial talectomy were performed to stabilize the 
foot. In Case 3, after minor twisting injury to the ankle, 
the patient sustained persistent painful swelling of the 
ankle, and x-rays at one month post-injury revealed 
soft tissue calcification and diffuse bone resorption 
with widening of the syndesmosis. Despite intermittent 
casting, at six months the tibiotalar joint was destroyed, 
requiring ankle arthrodesis. In Case 4, after undisplaced 

were abundant in HFD-fed mice fracture calluses; 
also, increased staining of peroxisome-proliferation 
activated receptor-gamma (PPARγ), a transcription 
factor that regulates mesenchymal cell differentiation 
into adipocytes or osteoblasts, was noted. At days 21 
and 35, researchers measured a significant decrease 
in percentage of bone surface occupied by osteoblast-
like cells. At day 35, HFD-fed mice had significantly 
weaker healed fractures. The researchers suggested that 
increased PPARγ in HFD-fed mice may help explain 
their impaired fracture healing.38 To investigate the 
relationship between PPARγ and osteogenesis, Akune 
et al. cultured PPARγ-/- and wildtype embryonic stem 
cells, and they found that the PPARγ-deficient cells 
differentiated only into osteoblasts. Reintroduction of 
PPARγ to the PPARγ-/- culture significantly decreased 
osteogenic marker gene expression, such as osteocalcin 
and Runx2, suggesting that PPARγ is involved in 
switching the mesenchymal cell differentiation pathway 
from osteogenesis to adipogenesis.52 This study 
suggested that elevated PPARγ measured in HFD-fed 
mice may play a role in diminished bone healing.

Another hypothesis to explain the diminished bone 
healing observed in both T1DM and T2DM involves 
advanced glycosylation end products (AGEs).39,40,43,46,50 
In patients with diabetes mellitus with prolonged periods 
of hyperglycemia, AGEs accumulate in endothelial cells, 
smooth muscle cells, and macrophages.53 One possible 
mechanism by which the AGEs trigger cell damage is 
by abnormal collagen cross-linking; the AGEs denature 
proteins, increase their resistance to lysis, and allow 
them to accumulate in tissues.43 Another possibility is 
that AGEs increase the brittleness of collagen, causing 
a loss of energy dissipation by collagen fibril stretching 
and sliding.56 Additionally, AGE interaction with the 
receptor RAGE, located on monocytes, macrophages, 
vascular smooth muscle cells, and podocytes, activates 
the nuclear factor (NF)-κB pathway, in which 
AGE-RAGE interaction on endothelial cells causes 
production of reactive oxygen species and increased 
expression of vascular adhesion molecules (VCAMs) 
and intercellular adhesion molecules (ICAMs).39,43 
The influence of AGEs on osteoclasts has yet to be 
determined definitively; studies have found that AGEs 
lead to both increased and decreased osteoclast activity; 
to address the decreased osteoclast activity, researchers 
have postulated that AGEs would lead to decreased 
bone turnover and increased bone fragility.48 

Many researchers have studied the effects 
of T2DM on fracture healing and the potential 
mechanisms behind these effects. With increasing 
prevalence of T2DM worldwide, further studies are 
needed to determine the mechanisms behind impaired 
healing of fracture in T2DM.
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included post-traumatic arthritis, retained implants, 
and medial malleolar nonunion. According to Jani 
et al., the protocol implemented in this study led to 
a decrease in complication rates compared to other 
studies.54 Perry et al. presented a small case series of 
six neuropathic patients, five with diabetes mellitus 
and one with alcoholic peripheral neuropathy, who had 
failed traditional ankle fixation. They were treated with 
a laterally placed dynamic compression plate on the 
fibula with multiple tetracortical syndesmotic screws. 
Postoperatively, the patients remained non-weight 
bearing in a short leg cast for at least 12 weeks, at which 
point all patients reported satisfaction with well-aligned 
and functional limbs that did not require amputation.57 
In a review presented by Dellenbaugh et al., for treatment 
of diabetic ankle fractures, the researchers recommended 
fixation, even if initial reduction is sufficient.57,59 
They stated that fixation should be carried out using 
heavier locking plates for greater strength and stability, 
particularly in patients with lower bone quality. The 
researchers also suggested that patients should be non-
weight bearing for 12 weeks, followed by 4-8 weeks of 
further protection in a cast brace of ankle-foot orthosis, 
with weekly clinical visits to assess improvement.58 

Although there is still some controversy regarding 
conservative treatment or surgical intervention for 
diabetic ankle fractures, surgical fixation provides more 
strength and stability.6 In older patients it might be 
appropriate to accept loss of reduction and malunion, 
rather than risk a devastating complication such as an 
amputation.33 In any case, a multidisciplinary approach 
to treatment is recommended. Fracture type and tissue 
quality both need to be assessed, as these factors dictate 
treatment protocol.59 Peripheral neuropathy, peripheral 
arterial disease, and glycemic control should all be 
addressed as part of the treatment protocol. Vascular 
specialists should be consulted prior to treatment if there 
is evidence of ischemia.60 Many different conservative 
and surgical treatments are available; regardless, a 
multidisciplinary approach while maintaining the 
soft tissue envelope and glycemic level is essential to 
reduction of complication rates. 
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a pediatric clinic, which is more likely to diagnose the 
condition as calcaneal apophysitis.4 

SYMPTOMS
Calcaneal apophysitis displays many symptoms, 
including symptoms include displays many symptoms, 
including pain in the bottom or back of heel, limping, 
walking on toes, pain with pressure on the sides of 
the heel, and difficulty running, jumping, walking, or 
participating in a usual level of activity.7 Many patients 
report stiffness or discomfort consistent with post-static 
dyskinesia, as the pain worsens upon increased activity 

INTRODUCTION
Calcaneal apophysitis, more commonly known as 
Sever disease, is a bone disorder which causes heel pain 
in children from 8 to 15 years old but has been observed 
in children as young as 6 years old.1 In 1907, Haglund 
first described this condition, which was later studied 
by James Warren Sever in 1912.2

Pain results from the inflammation and swelling of 
the secondary epiphyseal plate in the heel. This condi-
tion rarely occurs in older teenagers because the poste-
rior calcaneus usually completes ossification by the age 
of 15.1,3 In rare cases, it has been reported that untreated 
calcaneal apophysitis can cause calcaneal apophyseal 
avulsion fractures.1

The exact mechanism of calcaneal apophysitis is 
unknown, however, previous research suggests that 
abnormal interaction between the Achilles tendon and 
plantar fascia during the propulsion phase of the gait 
cycle, also known as the windlass mechanism, may 
play a role.1 As a result of the windlass mechanism, 
pediatric patients present with increased pain on passive 
dorsiflexion at the ankle joint.3 The pain is often so 
severe that rest and cessation of all physical activities is 
one of the most effective treatments.3 The images below 
depict the area of concern where the plantar fascia and 
the Achilles tendon attach to the apophysis.4 

This review aims to discuss the incidence, etiology, 
symptoms, anatomy and pathophysiology, treatment 
regimens, diagnosis, non-operative treatment, and 
obstacles encountered by the treating physicians.

INCIDENCE
According to retrospective studies using multiple 
examiners, calcaneal apophysitis comprises 2-16% of 
all musculoskeletal complaints in children.4 The actual 
incidence of Sever disease is thought to be much greater. 
Furthermore, many diagnoses are made without explicitly 
stating calcaneal apophysitis, instead attributing the 
source of heel pain to something else. Studies performed 
in sports medicine clinics are more likely to attribute 
the pain to another sports-related cause, as opposed to 

Sever Disease: A Review of Literature
Sara Shirazi B.S. and Helen Shnol B.S.

Figure 1. Calcaneal epiphysis and apophysis.4,8 Used 
with permission by Podiatry Institute and Journal of the 
American Podiatric Medical Association respectively. 
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and lessens after a period of rest. Any child is at risk for 
developing calcaneal apophysitis; however, symptoms 
can be more likely to appear if any of the following 
conditions are present:

• Short leg syndrome: causes excess pull on the Achilles 
tendon of the affected foot to reach the floor. 8 

• Obesity: causes increased pull on the apophysis 
due to the need of the Achilles tendon to lift a 
heavier individual. It has also been hypothesized 
that higher impact forces may lead to bruising of 
the growth plate.8 

• Flat foot or high arched feet: angle of heel causes 
shortness and tightening at the Achilles tendon.

• Ankle Equinus: causes increased tightening of the 
Achilles tendon and can lead to excess pull on its 
insertion at the growth plate of calcaneus.9 

ANATOMY AND PATHOPHYSIOLOGY
Sever first described the condition characterized by pain 
in the posterior heel in active children and teenagers.10 
While identifying outstanding clinical features of the 
condition during a physical exam and imaging studies 
is important, understanding the anatomy of the actively 
growing skeleton is key to addressing the complaints of 
this young population. The growing bone is complex 
and consists of the “bony epiphysis, cartilaginous 
physis, bony diaphysis, and the apophysis.”11 

Figure 2. Lateral view of the foot of an adolescent male. The 
arrow indicates an area of increased density at the calcaneal 
apophysis.11 Used with permission by Skeletal Radiology.

The fundamental theory that underlies all literature 
regarding the development of Sever disease is that 
this condition stems from repetitive microtrauma and 
overuse due to increased stress on the apophysis. The 

apophysis is a growth plate in the heel that provides 
a point of attachment of muscles and is sensitive to 
harsh overuse in high impact sports such as track, 
basketball, and soccer.7 Running and jumping 
exacerbate the symptoms by causing microscopic 
avulsion fractures that lead to inflammation “due 
to tractions from the Achilles tendon, leading to a 
traction apophysitis” as well as inflammation of the 
soft tissue at the point of Achilles tendon insertion 
onto the calcaneus.19 This condition draws striking 
similarities to Osgood-Schlatter disease, which is 
characterized by irritation of the patellar ligament at 
the tibial tuberosity.5 Similarly, this disease is most 
often seen in young teens, with a higher prevalence 
in those who are active in sports.6 Chiodo et al., 
however, suggested that calcaneal apophysitis is an 
overuse injury in the remodeling calcaneus as a whole, 
not as “apophyseal versus metaphyseal injury.”18 The 
apophysis is especially prone to injury due to its very 
nature as a source of rapid cell proliferation.12 Liberson 
et al. discovered fibrous formations “in the cartilage 
perpendicular to os calcis” after reviewing histological 
and CT images of the calcaneal apophyses.8 This 
finding coincided with the traction-stress theory that 
stresses are formative in the growing bone and that 
the pain is a result of an overly rapid remodeling rate.8

The plantar fascia originates from the medial tubercle 
on the plantar aspect of the calcaneus, near the attachment 
of the Achilles tendon to the calcaneus.” 12 The Achilles 
tendon inserts on the apophysis, proximal to the epiphysis. 
The apophysis has a distinct slower-growing growth plate 
that is separate from the physeal plate. Increased pressure 
or impact on the calcaneus can affect the apophysis and 
calcaneal growth plate due to high stresses from the 
Achilles tendon and plantar fascia.12

When the child is growing, endochondral 
ossification occurs and the “distal aspect of the 
cartilage divides and the proximal portion is converted 
to bone.”13 Interestingly, the area where new bone is 
formed is more rigid yet structurally weaker and less 
dense than the surrounding bone. Therefore, the stress 
produced on the apophysis leads to the irritation and 
tenderness present during a clinical exam, which then 
leads to the diagnosis of Sever disease.13 Lewin et al. 
agreed that traction between the Achilles tendon and the 
plantar aponeurosis resulted in the inflammation and 
defined Sever disease.14

Diagnoses may not always be so direct in practice. 
Doctors would benefit greatly from questionnaires 
and clinical exams catered to specific groups—for 
example, for children and for adolescents. The doctor 
must take into account developmental stages of their 
patient populations and demographics to make an 
accurate assessment.15
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A prospective study reviewed 71 sets of foot 
radiographs among patients diagnosed with Sever 
disease (n=61) to determine the impact of imaging 
studies on accurate diagnosis.11 All radiographs (n=71) 
were noted to have no abnormalities, and the diagnosis 
was changed in only one patient, “in whom a simple 
bone cyst of the calcaneus was seen.”11 This supports 
the notion that a Sever disease diagnosis is typically 
made clinically, rather than radiologically.

While Sever disease is thought of as overuse 
of the apophysis, Walling et al. speculated that the 
symptoms of Sever disease may be caused by a stress 
fracture of the “calcaneal metaphysis immediately 
adjacent to the region of the apophysis.”17 A series 
of MRI studies conducted in children demonstrated 
evidence of “bone bruising within the metaphyseal 
region of the calcaneus in close proximity to the 
calcaneal apophysis with minimal signal changes 
seen in the apophysis itself.”17 A follow-up MRI study 
confirmed decreased bruising in the metaphyseal 
region and minimal signal change in the apophysis 
as well, which lead the researchers to conclude on 
overall improvement of the condition.17 

Three clinical tests were performed in a study by 
Perhambre: barefoot one-leg heel standing, palpation 
over the distal edge of the calcaneus, and the squeeze 
test with lateral compression over the calcaneal 
tubercle.19 Precautions were taken which allowed for 
the same level of manual pressure for each subject. The 
clinical tests are shown in the figure below, where tests 
A and C proved to be most sensitive and specific.19

Literature shows that individual anatomy must be 
considered as a risk factor; however, a study conducted 
by Scharfbillig et al. concluded that activity levels and 
weight were not statistically important in the onset of 
Sever disease. The study compared symptomatic and 
asymptomatic similarly-aged children to determine 
risk factors for the development of Sever disease. 
The investigators evaluated commonly addressed risk 
factors in the literature, such as activity and sports 
played, body mass index, ankle joint dorsiflexion, and 
forefoot to rearfoot malalignment. The results provided 
statistically significant evidence of bilateral forefoot to 
rearfoot malalignment as a strong indicator of Sever 
disease development. This suggests that biomechanics, 
rather than activity levels, may have greater influence 
on the development of Sever disease.2

DIAGNOSIS
Literature review suggests the majority of Sever disease 
diagnosis is made clinically, rather than radiologically.8 
However, radiographs and other imaging exams are 
imperative to rule out other clinical causes for pain, 
including fractures and tumors.4 Literature reviews 
agree with the notion that radiographic evidence is 
helpful, yet inconclusive “due to the anatomy at the site 
of injury, especially in pediatric patients.”8

Heel pain is the main symptom of Sever disease.16 
This pain is often observed along the calcaneal growth 
plate and reproduced upon medial to lateral compression.4  
Figure 3 depicts the squeeze test which produces this 
compression. Sever disease is diagnosed when pain 
in present, while the growth plate is open, and “in 
the absence of more serious causative factors such 
as extreme trauma.”8 In addition to questions about 
lifestyle and activities, pain may be elicited by having 
the patient stand on their tiptoes. 

Figure 3. The position of the hands during the squeeze test to 
produce pain in Sever disease.

Figure 4. Three clinical tests 
performed (A, superior), 
Barefoot one-leg heel 
standing, (B, central) 
palpation over the distal edge 
of the calcaneus, and (C, 
inferior) lateral compression 
over the calcaneal tubercle. 
Adapted with permission 
from the Journal of the 
American Podiatric Medical 
Association.
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NON-OPERATIVE TREATMENT
The primary goal of non-operative treatment is to 
provide pain relief. This can be achieved most simply 
by rest, which will relieve pressure on the calcaneus 
and in turn reduce swelling and pain.9 

The recommended and most common non-
operative treatments include heel lifts, orthotics, 
ice, nonsteroidal anti-inflammatory drugs such as 
ibuprofen, immobilization with and without weight 

bearing, visco-elastic heel cups, stretching exercises, 
and doctor’s orders to decrease or cease sports activity.4 
Heel lifts proved effective in conjunction with ice and 
stretching; however, its effectiveness alone has not 
been studied.1 

Doctors often recommend leg and foot exercises 
to stretch and strengthen leg muscles and tendons. In 
severe cases, children may wear a cast for 2 weeks to 3 
months to immobilize the foot and allow healing.9 

Figure 5. Sever disease treatment modalities suggested by the literature.8 Used with permission from Journal of the American 
Podiatric Medical Association.
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an overuse syndrome. J Pediatr Orthop 7: 34,1987.

17. Walling AK, Grogan DP, Carty CT, Ogden JA. 
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Podiatr Med Surg. 2010Jul; 27(3): 355-67.
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F, Klässbo M, Norlin R. Sever’s injury: a clinical 
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20. Hunt, GC, Stowell, T, Alnwick, GM, Evans, S. 
Arch taping as  symptomatic treatment in patients 
with Sever’s disease: A multiple case series. The 
Foot. 2007, 17: 178-183.

Treatment options vary greatly, and the various 
modalities have not been appropriately studied to draw 
a distinct conclusion on effectiveness.8 

CONCLUSION
Sever disease is a painful condition typically present 
in children.

Although the etiology, diagnosis, and treatment 
of Sever disease have long been acknowledged by 
multiple researchers, evidence is primarily based 
on retrospective studies or has been perpetuated 
by studies partly based on opinion. For example, 
although different doctors have noted particular 
treatment options that seem favorable, research about 
these treatments are lacking.

Further research into Sever disease is needed. For 
example, the incidence of Sever disease versus BMI 
has not been determined. James et al. stated, “further 
research is needed to generate higher quality evidence 
with larger sample sizes, and validated measures of 
pain and function, to establish effective treatment 
approaches for children with calcaneal apophysitis.”1 

Generally, it has been noted that particular 
treatments have proven effective. For example, heel 
pain can be reduced by limiting physical activity and 
pressure on the foot, wearing supportive and well-
constructed shoes, as well as losing weight if the 
patient is overweight.7 Level 2 studies showed the 
effectiveness of heel lifts in reducing pain in children 
engaged in sports activity and a Level 3 study showed 
that taping can be effective in providing immediate 
relief during ambulation.1

Authors agree that Sever disease is a clinical rather 
than a radiological diagnosis. Careful localization 
of the posterior heel pain should be reinforced with 
radiological studies of the heel and calcaneal apophysis 
to confirm the Sever disease diagnosis.19  
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point distally, the PT tendon is the most medial tendon 
of the posterior compartment of the leg. Along with the 
FDL, the PT tendon takes a 90 degree turn and changes 
direction to pass through the medial malleolar groove.4 
As the tendon courses through the tarsal tunnel, it 
crosses the medial aspects of the talus, the talar neck, 
and the inferocalcaneonavicular ligament.5 The tendon 
then lies superficial to the spring (calcaneonavicular) 
ligament and superior to the sustentaculum tali. Inferior 
to the spring ligament, the PT tendon contains a 
fibrocartilaginous or bony sesamoid.

As the PT tendon courses between the 
sustentaculum tali and the navicular tuberosity, it 
divides into three components: the anterior, middle, and 
posterior component.5 The anterior limb is the largest 
and inserts on the navicular tuberosity and the inferior 
surface of the medial cuneiform.3,5 The middle limb 
is the deepest of the three components and continues 
distally to the plantar aspect of the foot. The middle 
component inserts on the intermediate cuneiform, the 
lateral cuneiform, the cuboid, the base of the second, 
third, and fourth metatarsal, and occasionally the 
base of the fifth metatarsal.3,5 The posterior limb of 
the PT tendon inserts on the anterior surface of the 
sustentaculum tali.3,5 

DIAGNOSIS
Early diagnosis of PTTD can be made through fullness 
in the posteromedial ankle and medially along the 
PT tendon.1 In the later stages, patients often have 
difficulty with standing on their forefoot as their foot 
shape changes into a prominent flat foot deformity.2 
The longitudinal arch of the foot collapses gradually 
with the heel in valgus as the foot progresses into an 
abducted position. Palpation of the insertion of PT 
tendon on the navicular may reveal pain and tenderness 
caused by tenosynovitis.6

Clinical examination and comparison of both feet 
is essential in diagnosis. Patients should be observed 

INTRODUCTION
Posterior Tibial tendon dysfunction (PTTD) is caused 
by impairment to the posterior tibialis tendon, along 
with pathologic changes seen in associated ligaments 
and joint structures of the medial column of the foot.1 
The posterior tibialis functions to invert and plantarflex 
the ankle and plays a significant role in maintaining the 
medial longitudinal arch of the foot. Dysfunction to the 
posterior tibialis muscle and tendon becomes evident 
as the stability of the foot is compromised, leading to 
progressive flatfoot deformity.1 

 PTTD may also be called Adult Acquired Flatfoot 
because it is the most common cause of flat foot or pes 
plano valgus deformity in adults.1 It is a progressive 
disorder thus, early recognition and treatment is essential 
to prevent progressive long term consequences. PTTD 
may be the result of various causes including age-
related degeneration or overuse of the tendon, chronic 
recurrent tenosynovitis, inflammatory arthritides, and 
occasionally acute traumatic rupture.1 Ruptures are 
mostly a result of intrinsic tendon abnormality. Ruptures 
of the PT tendon are usually seen posterior to the medial 
malleolus due to a zone of hypovascularity.1 However, 
other sites of rupture may be possible.1 Some studies 
have also shown an association with seronegative 
spondyloarthropathies.1,2 Given the prevalence of 
PTTD in podiatry, this article presents an overview of 
PTTD, including diagnostic tests and treatment plans. 

ANATOMY
The origin of the posterior tibialis (PT) tendon is on 
the posterior aspect of the interosseous membrane, the 
fibula, the tibia lateral to the vertical line and inferior 
to the soleal line, and between the fascial septum of the 
Flexor Digitorum Longus (FDL) and the Flexor Hallucis 
Longus (FHL).3 It then courses inferiorly between the 
FDL and FHL in the upper two-thirds of the leg. As 
the tendon travels distally towards the lower third of 
the leg, it is crossed superficially by FDL.3 From that 
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a single heel rise and has the “too many toes” sign. The 
only difference between stage II and stage III is that 
the heel valgus deformity is fixed in stage III.1 A fourth 
stage was added by Myerson. Stage IV describes a 
lateral tibiotalar degeneration due to valgus deformity 
of the talus is present in stage IV.6

RADIOGRAPHIC EVALUATION
Radiography. For proper evaluation of PTTD, a 
weight-bearing anteroposterior and lateral view are 
essential. In the anteroposterior view, the navicular is 
laterally rotated on the talus resulting in a decreased 
covering of the talar head by the navicular. In the lateral 
view, Meary’s angle or the talo-first metatarsal angle 
is decreased with the talar head plantarflexed on the 
navicular.6 The calcaneal inclination in the lateral view 
is decreased and the talar declination angle is increased 
due to a plantarflexed talus. The medial cuneiform 
distance to the floor is decreased.6

MRI. A study conducted by Resenberg found that 
MRI had 95% sensitivity, 100% specificity, and 96% 
accuracy for successful diagnosis of tendon disorders.7 
Therefore, MRI is the gold standard radiographic 
method for assessing tendon disorders.1 The size, 
shape, and internal signal of the tendon should be 
viewed following its path from superior medial 
malleolus to its insertion on navicular medially. A 
classification system categorizes tendon tears based on 
MRI findings.6 Normally, a tendon is uniformly black in 
MRI. Type I tears describe one or two fine longitudinal 
splits of the tendon. Type II tears have gray areas of 
wide longitudinal splits and intramural degeneration 
within the tendon. Type III consists of diffuse swelling 
and uniform degeneration. A replacement of the tendon 
with scar tissue or a complete rupture of the tendon may 
be seen.6

Ultrasound. Ultrasound is an inexpensive and 
accurate method for diagnosing tendon disorders. 
It may be useful as a routine screening method for 
diagnosis of stage I dysfunction.8 A normal PT tendon 
is hyperechoic and 4-6mm in diameter. Tenosynovitis 
can be assessed by observing a hypoechoic rim in a 
longitudinal sonogram and a target sign on a transverse 
sonogram. Additionally, a large amount of fluid 
surrounds the tendon. A tendon rupture is assessed with 
an empty tibial groove at the medial malleolus.9

TREATMENT

Non-operative
For most symptomatic patients without a structural 
deformity, conservative treatment is recommended. 
Immobilization in a below the knee cast or boot for 6-8 
weeks is prescribed to prevent overuse and eventual 
rupture of the tendon. The patient can be weight-bearing 

from the front and back. An abducted forefoot and heel 
valgus are common signs. With the progression of the 
disease, a patient may have the too many toes sign. This 
is a descriptive term used clinically to demonstrate the 
lateral appearance of the lesser toes on the affected side 
when viewing the patient’s feet from the back.1 

Palpation of the posterior medial malleolus may 
reveal tenderness along the PT tendon. The tendon 
should be palpated while actively contracting during 
inversion to assess for tendon rupture. If the tendon is 
able to contract, tendon rupture can be ruled out as a 
differential diagnosis.1 Furthermore the tendon should 
also be assessed for strength. In order to isolate the 
PT tendon, the patient inverts the affected foot from a 
plantarflexed and everted position. Failure to do so may 
indicate PTTD.6 

A test for PTTD in weight-bearing position is the 
single heel rise test. The patient lifts on the ball of the 
affected foot while bending the knee of the opposite foot. 
A patient with PTTD is unable to rise due to the lack 
of inversion of the foot and the heel remains in valgus. 
A double heel rise test is another sensitive indication 
of PTTD. The patient is asked to raise both feet. The 
normal foot will invert and successfully rise on the ball 
of the foot. The affected foot will fail to invert with its 
heel remaining in valgus and fail to rise. The inability to 
complete either heel rise test indicates PTTD.6

The first metatarsal rise sign requires the patient 
to be fully weight bearing on their feet. Then, the 
instructor externally rotates the shin on the affected 
side, which brings the calcaneus into a varus position 
due to coupling between the calcaneus and the tibia. 
The first metatarsal is lifted on the affected side while it 
remains on the ground in the unaffected foot.6 

The subtalar joint and ankle joint range of motion 
are other measurements of PTTD. The subtalar joint 
may become more restricted with progression and 
eventually become a fixed valgus deformity.1 Achilles 
tendon contracture progresses with long standing heel 
valgus deformity by tilting its axis laterally on the 
subtalar joint thereby causing the gastrocnemius to 
shorten. It is important to assess the forefoot position 
with the subtalar joint in the neutral position. As the 
heel valgus deformity progresses, the forefoot and 
midfoot compensate by inverting.6 

STAGING
Progression of PTTD is assessed using a staging system, 
first developed by Johnson and Strom in 1989.6 Stage 
I consists of normal PT tendon length and painful yet 
normal single heel rise test. Pain and tenderness of the 
medial foot and ankle are present. In stage II, a flexible 
pes planovalgus deformity and ruptured or incompetent 
PT tendon are present. The patient is unable to complete 
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a greater non-union rate was noted with allograft.12 

Contraindications for this procedure are rigid hindfoot 
deformities and painful arthritic conditions.

Medial Calcaneal Displacement Osteotomy (MCDO)
A MCDO is used for a late stage I and early stage II 
deformity, with reducible hindfoot valgus. In addition, 
there should be stability within the metatarsal joint and 
no transverse plane deformity. A MCDO should not 
be performed with rigid deformities or degenerative 
joint disease.11 FDL transfer is used in conjunction 
with the MCDO should be used when the PT tendon 
is degenerated or there is weakness identified in pre-
operative evaluation.11 Additionally, Niki found that 
if the original deformity had a lateral talometatarsal 
angle less than 25 degrees and the tibiocalcaneal angle 
less than 15 degrees, long term correction was more 
successful.13 However, MCDO with FDL transfer has 
shown to impair function of the lesser toes during the 
stance phase and may cause an increased pressure in 
the forefoot.14 This procedure should not be performed 
if there is a rigid hindfoot valgus deformity. A study 
by Cobb showed successful correction of PTTD 
without impairing the forefoot function by using a split 
anterior tibialis (AT) musculotendinous graft.15,16 Cobb 
performed a MCDO in combination with transferring 
the AT tendon through a hole drilled through the medial 
cuneiform.15,16 Parsons et al. demonstrated successful 
results when the AT musculotendinous graft was passed 
through a bony tunnel in the navicular and attached to 
the navicular tuberosity.15 

Double Calcaneal Osteotomy (DCO)
A double calcaneal osteotomy is a combination of an 
Evans osteotomy and a MCDO.17 This technique is used 
to correct a flatfoot with a transverse and frontal plane 
deformity with an unstable MTJ.11 Kau et al. found that 
a double calcaneal osteotomy along with a FDL transfer 
and gastrocnemius recession, was successful in treating 
stage II PTTD.18

Naviculocuneiform (NC) and First Tarsometatarsal 
arthrodesis
This arthrodesis is performed to treat mild to moderate 
flatfoot deformities with a forefoot varus.11 This 
procedure is also indicated when there is medial column 
instability. Satisfactory outcomes were noted when 
the naviculocuneiform and the first tarsometatarsal 
arthrodesis was performed in conjunction with a 
MCDO.11 The following procedure is not recommended 
for a collapsed arch through the talonavicular joint. 

Medial Cuneiform Osteotomy with bone graft (Cotton)
This procedure is warranted when there is a flexible 
flatfoot deformity without an unstable medial column. 

with the cast or boot if no pain is present from walking. 
A two-week therapy of non-steroidal anti-inflammatory 
medication is used in combination with immobilization. 
Cryotherapy and icing can be incorporated in home 
therapy. Introduction of dexamethasone into the deep 
tissue through an electric current in iontophoresis 
effectively decreases inflammation without increasing 
risk of tendon rupture.6

A rigid, total contact cast in a wide shoe is 
recommended for stage I or mild stage II dysfunction 
to support the arch and correct the flexible deformity. 
For those with severe structural deformity of the 
hindfoot and pes planus with medial column collapsed, 
modification of the footwear is indicated. The most 
suitable adaptation of footwear is an extra depth shoe.6

At the University of California Berkeley Laboratory 
(UCBL), a rigid foot orthosis is made which positions 
a medially directed force on the lateral shaft of the 
fifth metatarsal, a medially directed force on the lateral 
calcaneus, and a laterosuperiorly directed force at the 
sustentaculum tali. This functions to control forefoot 
abduction and hindfoot valgus and a medial column 
collapse on the midfoot.6

OPERATIVE

Stage I
Surgical intervention is not indicated for stage I 
PTTD.10 However, this modality should be considered 
for individuals who have failed conservative 
treatment for three to six months and/or have 
chronic tenosynovitis with or without intratendinous 
degeneration.10 In these individuals, a PT tendon 
debridement and synovectomy can be performed.11 
If there are necrotic areas along the tendon, they can 
be removed and a FDL tenodesis may be performed.10 
In addition to the FDL transposition, a gastrocnemius 
lengthening is advised.10 The contraindications for this 
procedure are any type of structural deformity such as 
a valgus deformity of the hindfoot.11

Stage II

Lateral Column Lengthening (Anterior Calcaneal or 
Evans Osteotomy)

An Evans osteotomy is most commonly indicated 
in an individual with a reducible flat foot associated with 
a transverse plane deformity and instability of the MTJ. 
Additionally, PT tendon repair, FDL tendon transfer, 
and posterior muscle group lengthening may also be 
performed.11 During the procedure, the open wedge 
osteotomy is filled with allograft or autograft bone.12 
Vosseller et al. demonstrated that the autograft unites 
quicker than an allograft, yet both had similar healing 
rates.12 However, when dealing with a larger wedge, 
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ankle joint. One large diameter screw placed in an axial 
fashion or two small diameter cannulated screws are 
placed from distal to proximal to fixate the talonavicular 
and calcaneocuboid joints.11 Any bone defects created at 
the arthrodesis sites after realignment can be filled with 
autogenous or allogenic bone, bonegraft substitute, or 
orthobiologic.11

In stage IV PTTD, ankle joint is affected and 
weakening of the deltoid ligament and medial soft 
tissues will result in a valgus talar tilt and severe 
arthritis.11 In these instances, a triple arthrodesis along 
with a posterior calcaneal displacement osteotomy 
(PCDO) is indicated, because studies have shown 
that PCDO decreases the valgus forces to the ankle 
and serves to protect the deltoid complex.11, 23 Deltoid 
ligament repair is also often suggested to be done as a 
supplemental procedure in stage IV PTTD.11

CONCLUSION
To choose the best treatment option for PTTD, accurate 
diagnosis is essential. Physical signs, progression of pes 
plano valgus deformity, and radiographic signs should 
be closely analyzed. Both non-surgical and surgical 
options may be used to treat the patient if accurate 
staging is first determined. 
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cartilage. The synovium is only able to reabsorb a small 
amount of intra-articular blood. If the amount of blood 
becomes excessive, the synovium will hypertrophy 
as a compensating mechanism, such that eventually 
the affected joint will show an increase in the size of 
the synovium, a condition known as hypertrophic 
chronic hemophilic synovitis. Phagocytic synovial 
“A” cells (Figures 1-2) are laden with iron-containing 
hemosiderin. These processes lead to characteristic 
pain, stiffness and deformity in the joints better known 
as chronic haemophilic arthropathy.7 Literature has 
reported the ankle to be the joint most commonly 
affected by haemophilic arthropathy, occurring as early 
as the second decade of life.7,8 

Figure 1: Phagocytic synovial “A” cells laden with iron-
containing hemosiderin9 Used with permission from the 
World Federation of Hemophelia.

INTRODUCTION 
Hemophilia A and hemophilia B are common inherited 
bleeding disorders resulting from deficiencies in 
clotting factor VIII and clotting factor IX, respectively.1 
These disorders are X-linked affecting more males 
than females with an incidence in hemophilia A of 1 in 
5000 male live births and that of hemophilia B being 1 
in 30,000.2 The clinical manifestations of hemophilia 
vary and are determined by the plasma levels of 
clotting factors VIII and IX. Depending on the level of 
the deficient factors, patients are classified as having 
mild, moderate or severe hemophilia.3 Spontaneous 
bleeding into the elbow, knees, and ankle joints are 
the most common clinical manifestations in the severe 
form of the disease.4 Individuals with mild hemophilia 
usually bleed excessively only after experiencing a 
traumatic event or undergoing a surgical procedure. 
In contrast, patients with severe hemophilia who 
experience minor trauma may have an annual average 
of 30 episodes of excessive bleeding, particularly into 
joints and muscles.4

PATHOGENESIS OF SYNOVITIS AND 
CARTILAGE DAMAGE IN HEMOPHILIA
Hemarthrosis, or joint bleeding, is the most common 
type of bleeding episode occurrence in individuals with 
hemophilia A or B. Previous studies report that the 
presence of blood within a joint causes direct damage to 
cartilage.5 Recurrent bleeding into a particular joint can 
eventually lead to the development of a ‘target joint’. 
This term describes a joint in which excessive bleeding 
causes synovial proliferation and neoangiogenesis, 
increasing the joint’s predisposition to further 
bleeding.6 These repeated hemarthoris events lead to 
an accumulation of iron in the synovium, producing a 
cytokine inflammatory response that destroys bone and 

Hypertrophic Chronic Hemophilic Synovitis: A 
Literature Review of the Pathologic Effects of 

Hemophilia on the Foot and Ankle
Olubukunola Oseni-Olalemi, B.S.; Francisco Mendivil-Moreno, B.S, M.P.H. 
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Figure 2: Photomicrograph of chronic synovitis in the stage 
of chronic hemarthrosis. Note dense hemosiderin deposition 
in phagocytic surface and perivascular cells (black arrows). 
Dilated venous sinusoids lie just beneath the surface that 
can be easily ruptured (white arrows).9Used with permission 
from the World Federation of Hemophelia.

The available research is unable to determine whether 
the tibiotalar joint or the subtalar joint is most 
affected in individuals with haemophilia. Lofqvist 
et al reported hemophilic arthropathy of the subtalar 
joint in approximately one half of the patients with 
symptomatic ankles (Fig. 3).11 Previous reports state 
the most common deformities of the haemophilic 
ankle consist of: fixed plantarflexion due to anterior 
ankle changes, ankle equinus; a planovalgus foot, 
a consequence of talar flattenin, and medial tibial 
overgrowth leading to a valgus hindfoot.8 All of these 
ankle joint distortions have limited range of motion 
and inflammatory signs which are usually the first 
clinical manifestations seen in haemophilic patients. 
These deformities, initially correctable, eventually 
become rigid.8

DIAGNOSING THE HAEMOPHILIC ANKLE
There is an extended list of causes leading to 
hemarthrosis: including trauma, neurologic deficits, 
arthritis, vascular damage, and neoplasms and bleeding 
disorders.12 The existence of a bleeding diathesis 
should be considered when hemarthrosis occurs in the 
absence of any recollected traumatic event in the joint 
of question. Initial laboratory testing should include 
a complete blood count, prothrombin time (PT), and 
activated partial thromboplastin time (aPTT), along 
with questions to the patient regarding bleeding history 
during or after surgical procedures, use of anticoagulant 
medications, and diet.13 

Joints affected by frequent hemarthrosis events will 
eventually progress to arthropathy of the elbow, knee, 

or ankle.14 The mechanism by which joints are affected 
in hemophilic arthropathy is multifactorial including 
chronic synovitis. The following radiographic features are 
observed: loss of cartilage, subchondral cyst formation, 
bone cysts, erosion, and joint space narrowing.15 The 
constant deposition of iron into the joint contributes to 
the synovial inflammation leading to dense fibrosis in 
the joint, which manifests in the patient as contractures, 
pain, and limitation of motion of the affected joint.16 
Currently, MRI is indicated for the early identification of 
target joints, and serves to guide prophylactic therapy to 
prevent progressive arthropathy.17 MRI has proven to be 
more sensitive than radiography for early identification 
of haemophilic arthropathy changes in joints.17 Joint 
aspiration has also been suggested as a method for 
diagnosing hemarthrosis. The synovial fluid would reveal 
a red, pink, or brown color. However, arthrocentesis is 
generally not required for diagnosis when the underlying 
cause of hemarthrosis is known, such as in a hemophilic 
patient or when alternate diagnoses can be excluded based 
on clinical findings.18

The three forms of hemarthrosis reported in the 
literature include acute, subacute, and chronic. Clinical 
features of the acute hemarthrosis in an affected joint 
include pain, swollenness, warmth, and limited range 
of motion. The presentation of the condition will vary 
by age. Early signs of hemarthrosis in children will 
present as irritability and limited use of the affected 
limb or joint.19 Adults will present with prodromal 
stiffness of the joint characterized by a warm sensation, 
and eventually followed by pain and swelling.20 If the 
condition is caught in this stage, initial symptoms may 
respond to plasma and factor replacement, causing 
reabsorption of the effusion and restoring mobility to 
the affected joint.21

The subacute stage of hemarthrosis presents 
with intraarticular damage, consisting of synovial 
hypertrophy, fibrosis, and impaired movement of 
the affected joint.20 This stage is noted to present as 
painless despite the internal damage present within 
the joint. Chronic disabling arthropathy is defined 
as repeated attacks and persistent hemorrhage at the 
target joint for more than six months, with symptoms 
similar to those of osteoarthritis.20 Advanced 
arthropathy is generally seen in late adolescence, and 
by adulthood this condition represents a major cause 
of morbidity, interfering with daily living and quality 
of life. 

THERAPEUTIC TREATMENT OPTIONS
For patients suffering from mild to moderate pain, 
symptoms can be alleviated with conservative treatment 
i.e. ankle bracing, splints, wedge insoles, calipers, or 
accommodative ankle orthosis. Additionally, pain that 
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is incapacitating can be treated with arthroscopic ankle 
debridement, arthrodesis, or arthroplasty.22 

Non-operative Treatment: Radiosynovectomy
In addition to bracing for ankle pain secondary to 
hemophilic arthropathy, radiosynovectomy (RS), 
chemical synovectomy, low-dose external beam 
radiotherapy, and oral D-penicillamine are other 
treatment modalities available. Radiosynovectomy 
involves a small amount of beta-emitting radionuclide 
that is injected into the affected joint, delivering 
radiation to the synovium. This treatment destroys 
proliferative tissue and contributes to the cessation of 
inflammation and cellular compounds, thus providing 
long-term symptomatic relief.22 RS should be 
performed before the articular cartilage has developed 
severe erosion. RS can be repeated up to 3 times at 
6-month intervals. The most commonly radioactive 
materials utilized are yttrium-90, phosphorus-32, and 
rhenium-186. No damage has been reported in relation 
to the radioactive materials after 35 years of use for 
treatment of hypertrophied synovium.21 

Non-operative Treatment: Chemical synovectomy
Radossi et al (24) treated symptomatic hemophilic 
arthropathy patients with intra-articular injections 
of ryfamicin. During a 2-year period (1999-2001), 
24 out of a cohort of 500 patients with hemophilic 
arthropathy were treated with ryfamicin. The 
indications for ryfamicin synovectomy were 
symptoms of chronic synovitis referred by patients 
and reported by questionnaire. Of the 24, 19 
patient treatments were considered effective on an 
evaluation scale reported by the patient. Six of them 
were considered poor. The 2 main limitations for the 
use of antibiotics in ryfamicin synovectomy are that 
the procedure is painful, and it must be repeated to be 
effective for the patient. 

Non-operative Treatment: Oral D-Penicillamine
One study focused on the treatment of chronic 
hemophilic synovitis. Corrigan et al (21) interestingly 
reports on treatment of hemophilic synovitis using 
oral D-penicillamine for treatment of 16 patients. 
The mechanism by which D-penicillamine exerts 
its anti-inflammatory effects is currently unknown. 
However, there have been 2 potential side effects of 
D-penicillamine: aplastic anemia and renal disease. 
To reduce the possibility of side effects, Corrigan et al 
suggests that the drug be used on a short term basis, 
approximately 3-6 months, and to restrict the amount 
to 5-10mg/kg for children and less than 750 mg/
day for adults. Of the 16 patients, 10 patients had an 
unmistakable response, 3 had a reduction in synovitis, 
and 3 had no response to the treatment.22 

Operative Treatment: Arthroscopic synovectomy, 
arthroscopic joint debridement, arthroplasty, and 
arthrodesis
Common surgical treatment and approaches of the ankle 
joint to treat hemophilic arthropathy include but are not 
limited to: arthroscopic synovectomy, arthroscopic joint 
debridement, arthroplasty, and arthrodesis. A, common 
procedure to prevent an equinus deformity is achilles 
tendon lengthening.25 At times, large osteophytes may 
develop on overlying the neck of the talus of the anterior 
aspect of the ankle and cause a limitation in ankle range 
of motion. Surgical removal of the osteophyte would 
in this case involve a cheilectomy. When the ankle 
joint shows a significant degree of mal-alignment, 
supremalleolar valgus or varus osteotomy is indicated. 

In advanced cases of hemophilic arthropathy, ankle 
arthrodesis or ankle arthroplasty should be considered 
(Figure 4).26 Indications for these procedures include 
incessant pain unrelieved by conservative treatments, 
and concomitant severe deformity. Transfusions 
of clotting factor can prevent episodes of recurrent 
bleeding and subsequent development of hemarthrosis. 
Ankle arthrodesis has also been associated with better 
results than an ankle arthroplasty. 

The goal of arthrodesis with severe destruction of 
the joint and synovium is pain relief. Arthrodesis will 
provide improved mobility and restoration of joint posi-
tion to accommodate ambulation. Panotopoulos et al 
(27) reported patients with arthrodesis noted improve-
ments in their quality of life.

SUMMARY
Hemophilic patients can present with recurrent 
hemorrhage of the ankles as early as 2-5 years of 
age.28 This recurrent intraarticular bleeding can 
progress to irreversible damage to the ankle joint and 
lead to haemophilic arthropathy. Clinical features of 
this advanced condition are characterized by joint 
stiffness, chronic pain, limitation of range of motion, 
and loss of joint stability. This eventually leads to joint 
destruction with a possible need for synovectomy, joint 
replacement, or arthrodesis. Symptomatic patients can 
be diagnosed clinically based on history of hemophilia, 
arthrocentesis, radiographic evaluation, and MR 
imaging. It is imperative to identify the clinical stage 
of hemarthrosis as acute, subacute, or chronic in the 
patient, as this can change the treatment approach. 

In early stages, treatment focuses in managing 
acute bleeding episodes, restoring ankle joint function, 
and preventing progression of the deformity. Use 
of orthosis or custom splints and boots can delay the 
progression, and synovectomy can serve to reduce the 
recurrence of bleeding. Patients with painful end-stage 
arthropathy can benefit from ankle arthrodesis. Current 
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literature reports ankle arthrodesis to show promising 
results and patient satisfaction due to complete relief 
of symptoms. 

Significant steps have been made to explain the 
mechanisms of blood induced joint damage. However, 
there are still various open topics of discussion in regards to 
treatment modalities for the early process of haemophilic 
arthropathy and prevention of joint destruction. Given that 
the complete prevention of joint damage is not attainable at 
the moment, further research must focus on the treatment 
of blood-induced arthropathy. 
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In the lower extremity, as foot and ankle structures 
are placed under increasing amounts of stress, they 
undergo greater ligamentous laxity and changes in their 
articulating surfaces. These changes are particularly 
important, as they may result in an increased risk 
for developing altered gait, ankle instability, foot 
discomfort, stress fractures, and especially flatfoot.9 

This literature review examines the influence of 
childhood obesity on the developing foot and ankle 
during both dynamic gait and static stance. 

METHOD
A PubMed literature search was conducted using the 
terms “pediatric obesity effect on foot and ankle, foot 
development and childhood obesity, childhood obesity 
and gait, foot structure and childhood obesity.” Further 
articles were gathered from the references cited in the 
initial studies collected. A total of 53 articles were found, 

INTRODUCTION
As of 2014, 12.4% of kindergarteners in the United 
States qualified as obese, with another 14.9% falling 
under the category of overweight.1,* In fact, the 
prevalence of a high BMI (95th percentile or greater) 
among children ages 6 to 11 has tripled in the past three 
decades from 4.2% in 1965 to 15.3% in 2000. As the 

incidence of obesity increases, there has been a growing 
focus on studying what medical practitioners can do to 
intervene early and to prevent long-term orthopedic 
complications associated with excess weight. 

The Effect of Pediatric Obesity on  
Foot Structure and Gait

An-An Jiang B.S.; Allison K. McNamara B.S.; James C. Uh B.S.

	  

Figure	  0:	  Gait	  Cycle	  Phases	  
Figure 1: Gait Cycle Phases

* The NEJM used the following CDC definitions of overweight 
and obese: Overweight is defined as a BMI at or above the 85th 
percentile and lower than the 95th percentile for children of the 
same age and sex. Obesity is defined as a BMI at or above the 95th 
percentile for children of the same age and sex. (http://www.cdc.gov/
obesity/childhood/basics.html)
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of which 19 were suitable for the focus and scope of 
this review. The discarded articles either involved adult 
obesity or did not focus on the distal lower extremity. 

The majority of studies that have been done in this 
area can be divided into two groups: foot dimension 
studies, and gait analysis. We will discuss these two 
entities separately, and then integrate their findings 
together. Lastly, the textbook “Mann’s Surgery of 
the Foot & Ankle”2 was used as reference for general 
concepts on gait. 

A. GAIT 
Studying the influence of childhood obesity on foot and 
ankle structure would be incomplete without examining 
its effect on gait. 

Impact on Phases of Gait
The normal human gait cycle is separated into a stance 
phase and a swing phase, beginning when one foot strikes 
the ground and ending when that foot strikes the ground 
again.2 Stance phase occupies approximately 62% of the 
total gait cycle and swing phase occupies 38% (often 
simplified as a 3:2 ratio). Normally, when a foot is in stance 
phase it travels from a period of double-limb support at 
heel strike, followed by a period of single limb.

Support during which the other limb is in swing, 
and ends with a second period of double-limb support 
just before toe-off.

The preliminary study examining gait phases 
in obese children was conducted by Hill and Parker 
in 1991.3 They evaluated 10 obese and 10 non-obese 
prepubescent children at 3 speeds of walking (slow, 
normal, fast), and found that no matter the speed, obese 
children exhibited longer gait cycle durations, with a 
lower walking cadence. Most notably, they found that 
the obese group consistently displayed a longer stance 
phase, comprised of higher percentages of double-limb 
support and lower percentages of single-limb support.

Later, McGraw et al.4 would replicate this study 
and similarly find a significantly increased double-
stance period in obese children across various 
cadences. Nantel et al.5 focused on kinematic data but 
also concurred that obese children spent less time in 
single support. Morrison et al.6 had the largest study 
of 44 subjects and concurred with previous literature. 
Authors across these studies concluded that these 
findings suggest an underlying dynamic instability in 
obese children.3-6 In further support of this theory, a 
study by Strutzenberger et al.7 examined stair-walking 
in obese children and found that the subjects spent less 
time in single support during stair ascent but more time 
in double support during stair descent, all presumably 
to maintain their balance. Single-limb stance has 
been previously reported as an indicator of a subject’s 

capability to achieve stability and support in gait.6 
Thus minimizing the time spent in the difficult period 
of single-limb support may be a natural compensatory 
measure adopted by obese children. 

Foot Orientation at Heel Strike
Fewer studies have focused specifically on foot 
and ankle biomechanics in the obese pediatric 
population. Most notably, McMillan et al.8 studied 
frontal plane biomechanics in overweight boys, and 
found significantly different lower extremity joint 
moments compared to normal subjects. The authors 
saw that overweight subjects would display greater 
hip adduction, knee abduction, and rearfoot inversion 
during gait, all likely due to an inability to support their 
larger body mass on one leg during the single stance 
period. Thus, they concluded that rearfoot inversion 
developed in compensation for the more proximal joint 
disturbances. They also found, contrary to expectations, 
that the rearfoot inversion was maintained throughout 
stance, with the highest moments at heel-strike and toe-
off. This is attributed to the increased demand on the 
peroneal muscles at those specific transitional instances, 
when ankle stability is low. The authors theorized that 
peroneal activity and rearfoot eversion moment may be 
distal attempts to control pronation in a setting where 
more proximal muscles are weakened. This may lead 
to muscle overuse and tendon dysfunction due to the 
smaller size of distal limb muscles.8 In particular, the 
rearfoot inversion might cause peroneal muscle fatigue 
that contributes to a greater incidence of ankle injuries 
in obese children.8 

In addition to their findings on gait phase duration, 
Hill and Parker also noted that obese subjects often 
exhibited a more flat-footed gait at heel strike.3 They 
added that plantarflexion from heel strike to midstance 
also occurred faster in the obese group, no matter the 
walking speed tested. When combined with a more 
limited knee flexion they saw at toe-off, the data 
suggested that obese children displayed minimal toe 
clearance during swing phase compared to normal-
weight children. 

Later research on ankle range of motion in obese 
children supports the idea of a flatter foot position at heel 
strike. Shultz et al. measured active ankle dorsiflexion 
on 10 obese and 10 normal weight children, using a 
goniometer at both full knee extension and 90 degrees 
of flexion.9 The study showed that obese participants 
had 33% less active ankle dorsiflexion at 90 degrees 
of knee flexion compared to normal subjects. There 
was no significant difference in ankle dorsiflexion 
at full knee extension. The authors conclude that the 
reduced ankle dorsiflexion during the swing phase of 
gait, when the knee is in maximal flexion, would lead 
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to a more plantarflexed and flatter foot at heel strike. 
They suggest that this allows an increased foot contact 
throughout a longer period stance, altogether increasing 
stability in obese children. 

Gait Asymmetry
In Hill and Parker’s 1991 study, sagittal plane gait 
asymmetry was seen in obese children.3 All of the 
participants were right-handed with no examples 
of unequal limb lengths. In the obese group, the 
authors found significantly higher step lengths for 
the right foot compared to the left foot, suggesting a 
walking pattern that favored the dominant side. The 
difference was most pronounced during slower-than-
normal and faster-than-normal walking speeds. The 
study theorized that not only did obese participants 
develop a slower, more tentative normal cadence (via 
gait asymmetry and increased stride length), but also 
experienced pronounced gait alteration at speeds other 
than normal. 

McGraw et al. further studied postural stability in 
the anterior-posterior and medial-lateral directions.4 
They subjected obese children to experimental 
conditions designed to challenge the postural control, 
such as dark conditions and visual conflict. The authors 
found that obese boys demonstrated significantly 
increased medial-lateral postural sway with regard to 
displacement from center of pressure and variability in 
foot position during dark conditions. At the same time, 
there was no significant difference in the frequency 
of postural sway between obese and normal groups, 
suggesting that it may be due to increased BMI rather 
than an inherent or congenital postural defect.

B. ANTHROPOMORPHIC FOOT 
MEASURES AND DIMENSIONS
The effect of pediatric obesity on the static foot and 
ankle has been evaluated through foot dimension 
studies, using mapping of pressure points, footprint 
angles, and arch heights. All studies used height 
and weight to assess BMI for the participants. 
Several studies used Emed pressure platforms or 
similar devices designed for pedography to measure 
plantar pressures. These measurements were then 
used to determine footprint angle, arch index, and 
Chippaux-Smirak Index.11,13 Various other studies 
used ultrasound devices to measure plantar fat pad 
thickness and internal arch height. Still more studies 
used direct measurements with rulers to assess foot 
length, forefoot width, and navicular height, all while 
standing in full weight-bearing.

A common theme of the aforementioned 
measurement variables is their use in evaluating 
flatfoot. In early life, children appear to walk with a 

flat-footed gait, which may actually be attributed to 
still-developing foot structures, appearance of a midfoot 
fat pad, and a changing gait pattern.13 The muscular 
and ligamentous strength of intrinsic foot structures 
naturally increases with age. At age 5-6, children 
usually have developed an adult-style longitudinal arch 
and normally no longer exhibit flatfeet. In studying 
the effect of excessive loads on the pediatric foot and 
ankle, we will review how these measurements may 
be impacted by increased weightbearing and how they 
affect the medial longitudinal arch and therefore foot 
type and structure. 

Plantar foot pressures & Medial Longitudinal Arch 
(MLA)
Studies that used a plantar pressure mapping system 
found a significantly higher force generated over a 
larger area during dynamic walking, as well as an 
overall increased plantar pressure in obese children 
compared to non-obese children.10,11 Dowling et al.11 
used the Emed platform to study barefoot children aged 
6-11 years, and found that obese subjects had a larger 

peak contact area and higher mean static peak force in 
the forefoot. Rearfoot pressures, on the other hand, did 
not significantly differ in obese versus normal children. 
Yan et al.12 conducted a similar investigation in China 
and confirmed this finding. Furthermore both studies 
found that the increased plantar pressure was greatest 
under metatarsal heads 2 and 510,12. Various other authors 
also found that obese children routinely placed a higher 
portion of their midfoot in contact with the ground,13–16 
and that they displayed a significantly lower medial 
longitudinal arch (MLA) height16–20 compared to non-
obese children. According to Shultz et al., this decrease 
in arch height compromises the foot’s ability to bear 
weight.9 When combined with the increased plantar 
pressures, the author suggests that there may be an 
increased risk of stress fractures in obese children. 

	  

Figure	  2:	  Arch	  Index	  (AI)	  Calculation.	  
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Footprint Angle
Another method used with footprint mapping is the 
footprint angle. As seen in Figure 3, the footprint angle 
is calculated by drawing the two lines described below 
on the obtained footprint, then measuring the angle 
between these resulting lines. The first line connects the 
medial-most points of the forefoot and the heel (A-A’). 
The second line connects the medial point of the fore-
foot to the apex of the concavity of the medial arch 
(A-d). As with the CSI, it can be correlated to MLA 
height. A lower footprint angle correlates with a flatter 
foot type and, statistically, this was found to be the case 
in obese children.11,13

Navicular Index
A measurement that is also commonly used is the 
navicular index, which is obtained by dividing the length 
of the medial longitudinal arch by the vertical height of 
the navicular from the floor. Similarly, the navicular 
height can be used on its own. Studies have shown that the 
navicular height is decreased in obese children compared 
to non-obese children.15 This measurement is correlated 
with a decreased medial longitudinal arch height, 
indicating a flatter foot, which is consistent with the 
finding that ongoing weightbearing with excessive force 
(or increased body weight) flattens the medial midfoot 
during walking.10,13 However, one study did find that 
navicular height was not correlated with body weight.14

Plantar Fat Pad
Aside from footprint mapping, several authors also used 
ultrasound technology to evaluate whether an increased 
midfoot plantar fat pad was present in obese children, 
which may impact foot functionality and weight-
bearing structure. This measurement, however, may 
require further investigation as the two studies we found 
showed differing results. A study by Riddiford-Harland 
et al.17 found that obese children have a significantly 
greater medial midfoot fat pad thickness during both 
weightbearing and non-weightbearing, while in a 
study by Mickle et al.18 the t-test showed no significant 
difference in the thickness of the midfoot plantar fat pad. 
One explanation for these differences may be the size of 
the studies and the age of children that were used. The 
former study used a large sample size of 150 participants 
between ages 7-10, while the latter study involved only 
38 participants between ages 3-5.5.

CONCLUSION
Childhood obesity impacts foot structure and dynamic 
gait pattern in numerous ways, as illustrated in this 
review. Obese children seem to be at increased risk for 
foot discomfort , foot pathology, or both, especially 
affecting the functionality of the medial longitudinal 
arch. They may develop a slower, more tentative, 

Arch Index
A popular method of evaluating and quantifying 
midfoot contact is the Arch Index (AI), which is derived 
by dividing the area of the midfoot by the area of the 
whole foot. While some studies9,12,18 used pedographs or 
foot plates to obtain this anthropomorphic data, others14 
used footprints taken with water based paint. Regardless 
of method, all such studies found a larger AI value in 
obese and overweight children, indicating that a larger 
area of the middle 1/3 of the foot was in contact with 
the ground in these subjects. The consistency of these 
findings suggest that AI is a reasonable reflection of 
MLA height and children’s foot flatness. These findings 
led authors to conclude that pediatric foot structure 
could already be altered by excess BMI as early as the 
preschool years.18 Shultz et al., however, cautioned 
that using the AI metric only indicated the presence 
of greater midfoot contact and not the mechanism of 
action causing this contact9. 

Chippaux-Smirak Index 
A similar measure of the area of the midfoot in 
contact with the ground is the Chippaux-Smirak index 
(CSI), which was also used by several authors in their 
respective studies11,13. As seen in Figure 3, the CSI was 
calculated by dividing the length of a line drawn at the 
narrowest portion of the medial arch (c) by the length 
of a line drawn at the widest portion of the forefoot (b). 

The investigations by Riddiford et al. found significantly 
higher CSI in obese children compared to non-obese 
children.13 Later, a comparable study conducted by 
Dowling et al. showed that any increase in weight, whether 
it be created by a weighted jacket or by chronic obesity, 
caused increased plantar force.11 Most importantly, the 
peak contact area, which can be represented by CSI, did 
not change significantly when non-obese children were 
given a weighted vest. Meanwhile in obese children, 
there was an increased peak contact area and higher CSI, 
suggesting the presence of inherent structural changes in 
the foot of obese children. 

	  

Figure	  3:	  CSI	  and	  
footprint	  angle	  
calculations.	  
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altered gait as compared to normal children. Moving at 
different speeds may be more difficult and sustaining 
the weightbearing activities of daily life and playing 
may also be more challenging. Although there is no 
direct causation between obesity and flatfoot, there 
does seem to be a correlation between the two. There 
are, however, many other reasons an individual may 
have a flat foot, and the problem lies in determining 
which portion of flatfoot is typically caused by obesity 
and which portion is the result of other factors. Some 
common features of the flat foot are a larger area of 
the midfoot in contact with the ground and a decrease 
in medial arch height, both of which have been 
found in the obese subjects of the studies discussed 
in this review. In general, the studies indicated that 
the flexible flatfoot, which typically disappears with 
age, may persist and be exacerbated with excessive 
weightbearing throughout childhood. 

One major limitation of the studies reviewed is the 
lack of a true longitudinal study to examine the incidence 
of future lower extremity pathology among obese 
children. Until such a study is conducted, the association 
between childhood obesity and musculoskeletal 
pathology cannot be proven . 

Future studies in this topic should include 
longitudinal studies examining foot pathology 
incidence and conservative therapy, as mentioned 
previously. Additional studies should also involve the 
effect of increased physical activity and weight loss on 
the pediatric foot-ankle complex and gait.
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Image 1. Pre-debridement photographs of hyperkeratotic 
papules.

The lesions were hard, dry, and in a variety of 
different stages—from flush with the skin to horny 
outgrowths, but none were consistent with plantar 
verrucae. Differential diagnosis included porokeratosis 
plantaris discreta, intractable plantar keratosis, and 
dermatologic changes associated with a systemic 
disease. The patient, however, did not complain of 
pain and was otherwise healthy. We treated her lesions 
first by softening them in a warm water soak, followed 
by sharp debridement with a 10-blade, and finally 
smoothed with a sanding disk.

Image 2. Photographs of hyperkeratotic papules 
post-debridement.

INTRODUCTION
Arsenical keratosis is a skin condition that presents 
as multiple firm, hyperkeratotic lesions of various 
stages that have been developing over time. They 
typically occur on palms and soles, but can also be 
found on the trunk and extremities. Arsenic keratosis 
is becoming less commonly encountered, especially in 
developed countries. It occurs after many years as a 
result of skin changes in populations drinking well-
water laced with arsenic. As underdeveloped countries 
are gaining more access to filtered drinking water and 
the older generations are passing away, the incidence 
of arsenical keratosis is declining. People are still, 
however, affected with this condition where wells are 
the primary source of drinking water.1 The purpose of 
this case study is to re-introduce this pathology to both 
current and future physicians.

CASE REPORT
An 82-year-old female presented to clinic in April 
2014, for treatment of bilateral plantar hyperkeratotic 
lesions. Both a dermatologist and a primary care 
physician had previously diagnosed her with verruca 
plantaris on two separate occasions. According to the 
patient’s son, she had these lesions for over 30 years 
without complaints of pain or associated symptoms. 
She was otherwise healthy and active for her age 
group, walking regularly with her husband. The only 
significant history was that the patient was born in 
Gua, India, where she resided for twenty-six years 
and where wells were the only source of drinking 
water. Her husband, who grew up in a city equipped 
with water and plumbing, was not reported to have 
these lesions. Clinical examination at the time of 
presentation showed numerous hyperkeratotic papules 
to the weightbearing aspects of both feet. 
 

Arsenical Keratosis: a case of mistaken identity
 Jacqueline C. Aranas B.S.
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particularly for dermatosis, neuropathy, BFD, hepatic 
toxicity, and cancer.2 Current drug therapies for arsenical 
toxicity are limited, expensive, or toxic if used for 
periods over 15 days. Proposed drug therapies include 
chelating therapy, d-PCN 250 mg TID/QID x 15 days, 
and DMSA sulfonates 100 mg TID/QID x 3 courses of 
alternating weeks.2 Further research regarding the best 
course of treatment is needed. 

CONCLUSION
In conclusion, arsenical keratosis is a rare, but still 
present skin pathology. It presents after many years in 
populations that drink primarily from well-water. The 
patient described in this case is an example of how 
this pathology presents clinically, thus reiterating the 
importance of taking an accurate history. Treatment 
focuses on relieving symptoms, as well as addressing 
co-morbidities associated with chronic arsenic 
exposure. Education and awareness regarding the long-
term effects of arsenic exposure is equally important, as 
is providing safe drinking water for populations around 
the world. 
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Post-treatment, the patient stated feeling refreshed 
and that her feet felt “good”. The patient was sent home 
with a prescription for topical 5-Fluorouracil to apply 
to affected area daily and instructed to either call for an 
update or return to clinic in 2 months.

DISCUSSION
Further research, combined with the patient’s known 
history, led to our final diagnosis of arsenical keratosis. 
Not much is known in the United States about arsenical 
keratosis simply because it presents infrequently. 

Historically, arsenic was used therapeutically 
by the Greeks and Romans, but has recently become 
more of a health concern secondary to industrial and 
environmental run-off.2 High arsenic levels are found 
in water supplies from shallow tube wells 25-36 meters 
deep, among other places. Arsenic is readily cleared 
from the liver, spleen, kidney, lung, and gastrointestinal 
tract; however, it leaves deposits in keratin-rich tissues, 
such as hair, nails, and skin.2 

According to Harvey,3 arsenical toxicity occurs 
mainly by inhibition of sulfhydroxyl enzyme. Acute 
gastrointestinal effects include the following: sharp, 
cramping abdominal pain, vomiting, diarrhea, and 
headache. This is due to the increase in permeability 
of small bowel vessels, inflammation, and intestinal 
mucosa necrosis, which leads to severe hemorrhagic 
gastroenteritis.2 Symptoms of chronic arsenic exposure 
include anorexia, nausea, vomiting, recurrent diarrhea, 
and abdominal pain.2 Santra et al found a linear 
relationship between hepatomegaly and increased 
exposure to arsenic in drinking water in both men and 
women.4 Additionally, chronic arsenic exposure has 
been linked to Blackfoot disease and implicated in 
cancers of the skin, lungs, and bladder.1,5 Skin cancers 
that may develop as a result include squamous cell 
carcinoma, basal cell carcinoma, and Bowen’s disease.1

Dermatologic changes secondary to chronic arsenic 
exposure from drinking water and dust inhalation are 
reported in India, Mexico, Chile, Argentina, Mangolia, 
and Taiwan.2 Keratosis are commonly found in 
palms and soles and are bilaterally symmetrical,2 as 
seen in the patient who presented to our office. Our 
patient, however, did not have any lesions elsewhere. 
Histologically, these lesions appear hyperkeratotic, 
and may or may not have associated parakertosis, 
acanthosis, and enlarged rete ridges depending on the 
stage.6 A biopsy may have been helpful in confirming 
the diagnosis, especially if malignancy was suspected, 
but there was no immediate concern for malignancy as 
the patient was healthy and in no pain. 

Treatment, as recommended by Pimparkar and 
Bhave, is aimed at relieving symptoms, reducing 
arsenic stores in the body, and reducing complications, 
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Congenital Hallux Varus Treated With First 
Metatarsophalangeal Joint Arthrodesis and a 

Dorsal Plate: A Case Report
Matt Doyle M.A., M.S.; Nicole Cates B.A.; Sara Shirazi B.S.

INTRODUCTION
Hallux varus is a tri-planar deformity consisting of varus 
rotation, adduction and flexion at the interphalangeal 
joint (IPJ) of the hallux and the first metatarsophalangeal 
joint (MTPJ).1 Hallux varus is classified into two 
subtypes - congenital and acquired. The congenital 
form is said to be rare, while the acquired form is 
less rare.2 Congenital hallux varus has been linked to 
musculoskeletal abnormalities of the first ray which 
include brachymetatarsia, altered abductor hallucis 
tendons and their insertion points, and long or short first 
metatarsals. It has also been seen clinically in clubfoot, 
metatarsus adductus, polydactyly and in neuromuscular 
disorders such as cerebral palsy.2-4 The most common 
acquired type is seen in postoperative hallux 
abductovalgus.4 This iatrogenic form manifests after 
staking the medial head, over tightening the first MTPJ 
capsule and over correcting the first intermetatarsal 
angle.5 Treatment includes conservative and surgical 
measures, but ultimately treatment depends on the 
severity of the deformity and the pain tolerance of the 
patient. Conservatively, splinting, orthotics, offloading 
pads and wider footwear have been used.4 Surgical 
treatments vary greatly. Flexible deformities can be 
treated with soft tissue procedures such as abductor 
hallucis tendon release, tenotomy, tendon transfer, lateral 
collateral ligament restructuring, bone grafting and more 
recently, a mini tightrope procedure.2,5-10 Once hallux 
varus becomes semi- or completely rigid, or previous 
soft tissue procedures fail, these procedures are no 
longer indicated and arthrodesis of the first MTPJ is an 
excellent salvage procedure.11,12 Arthrodesis can also be 
used as a first line treatment, specifically with progressive 
osteoarthritis of the first MTPJ.7,13 In this case report we 
describe a patient with bilateral congenital hallux varus 
who underwent first MTPJ arthrodesis with a low profile 
dorsal locking plate. 

CASE REPORT
A 56 year-old female presented in October 2013, 
with complaints of painful, “numb,” drifting toes. 
The condition began two years prior to her initial 
visit and has progressed, eventually affecting her 
gait. This patient also expressed concerns regarding 
her left 2nd digit, which she fractured in November 
2011. She was treated in an emergency department 
where a post-op shoe was dispensed. She reported 
that her digit healed with a contracture. Furthermore, 
she states having “numbness” in her left digits since 
travelling to Europe in June 2013. She attributed this 
to prolonged walking while wearing sandals which 
strapped across her foot. She claimed these straps 
caused irritation, which then led to numbness. The 
patient reported her left hallux as being abnormally 
sensitive since the incident, which led her to consult 
with her primary care physician. Her physician 
recommended warm water soaks with Epsom salt, 
which the patient states provided minimal relief. 
The patient’s past medical history is significant for 
osteoarthritis, osteopenia, depression, hypertension 
and seasonal allergies. She is allergic to penicillin. 
The patient is otherwise well developed, well 
nourished, and was in no apparent distress at time 
of her visit. Physical examination was significant for 
diminished vibratory sensation with the tuning fork 
at the 1st met head bilaterally and a negative sharp/
dull test. Dorsalis pedis and posterior tibialis pulses 
were palpable bilaterally and digital hair was present 
bilaterally. The patient had mild edema distal to the 
ankle joint bilaterally. A significant semi-rigid hallux 
varus deformity was present bilaterally and digits 
2-5 and the metatarsus were bilaterally adducted. 
The left 2nd digit was a hammertoe with slight varus 
deformity secondary to a previously healed fracture 
and had a greater degree of adduction compared to the 
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was complete, the guidewire was removed and placed 
into the base of the proximal phalanx, and the size 
18 reamer was then used to denude the cartilage at 
the base of the proximal phalanx, creating a convex 
surface. The guidewire was removed and the wound 
was irrigated with 2 liters of normal saline. A 0.062 
k-wire was then used to penetrate the subchondral 
bone and promote bleeding. The joint surfaces were 
then approximated in a more rectus position with 
slight dorsiflexion to about 5 degrees from the weight-
bearing surface in a slight valgus position. The toe 
was secured with a guide wire from the Stryker 3-0 
cannulated Asnis screw set. This guide wire was placed 
through the arthrodesis site from proximal medial to 
distal lateral into the proximal phalanx. The position 
of the wire was identified under fluoroscopy and 
using standard technique, the cortex was pre-drilled, 
countersunk, measured, and the appropriate length 
screw was then placed using a 3-0 partially threaded 
cannulated screw from Stryker. The guide wire was 
removed. Next, the planning for placing the MP joint 
fusion plate commenced. A 15 mm 6-hole plate from 
the Paragon 28 set was placed dorsally, overlying the 
metatarsophalangeal joint. The holes were then drilled, 
measured, and the appropriate length 2-7 screws from 

the Paragon set were placed. A total of 2 locking screws 
and 2 non-locking screws were used. The position of 
the fusion was confirmed and appeared to be adequate 
under fluoroscopy. The wound was then irrigated and 
the capsule was reapproximated with 4-0 Vicryl, the 
subcutaneous reapproximated with 5-0 Vicryl, and the 
skin closed with 5-0 Prolene.

Attention was then directed to the second toe 
where a curvilinear incision was made underlying 
the second toe and metatarsophalangeal joint. 
The metatarsophalangeal joint was exposed and 
a medial and lateral incision was made through the 
collateral ligaments. This aided in reducing the 
varus deformation of the 2nd metatarsophalangeal 
joint. Then, the proximal interphalangeal joint was 

other digits. X-ray imaging confirmed observations 
of adducted digits 1-5 and metatarsals 1-5 bilaterally. 
The left 2nd proximal interphalangeal joint showed 
signs of degenerative change.

The patient was educated on the etiology of 
adductus and hallux varus deformity and informed of 
the treatment needed to correct and prevent drifting 
of the toes. The patient was advised against doing 
surgeries on both feet simultaneously. She elected for 
unilateral surgery at this time and the surgical options 
and postoperative regimen were then discussed. An 
arthrodesis of the 1st metatarsophalangeal joint and 
a left foot 2nd digit PIPJ arthrodesis and capsulotomy 
of the 2nd metatarsophalangeal joint were performed. 
There were no contraindications to planned procedure. 

Under mild sedation, the patient was taken to the 
operating room and placed on the operation table in 
supine position. General anesthesia was induced and a 
local block was performed about the patient’s left foot 
using 0.5% Marcaine plain. The foot was prepped and 
draped in the usual aseptic fashion. A tourniquet was 
applied to the patient’s left ankle. After a timeout was 
conducted, Ancef was administered intravenously, the 
foot was exsanguinated and the tourniquet inflated to 
250 mmHg. 

Attention was then directed to the 1st 
metatarsophalangeal joint where a linear dorsomedial 
incision was made and then deepened to capsule while 
all vital neurovascular structures were protected and 
retracted. Bleeders were cauterized as necessary. 
A linear capsulotomy was performed and the 1st 
metatarsophalangeal joint was exposed. A guidewire 
from a Paragon reamer set was drawn through the 1st 
metatarsal head through the central aspect of the 1st 
metatarsal shaft. The position was confirmed under 
fluoroscopy and was deemed to be adequate. A size 
18 reamer was then used to denude the cartilage from 
the 1st metatarsal head and create a dome shape in 
preparation for the arthrodesis. The excess bone on 
the perimeter was debrided with a rongeur. Once this 

Figure 1. Weight bearing and non-weight bearing physical exam.
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for Percocet as needed for analgesia and follow up 
appointment in one week for x-rays and a dressing 
change. Plain film radiographs were taken at 1, 3, 6, and 
12 weeks postoperatively. Two weeks postoperatively, 
the k-wire was pulled distally until it was no longer 
crossing the 2nd MTPJ. This was confirmed with plain 
films. At 5 weeks, the k-wire was removed and the 
patient was instructed to begin ambulation in a CAM 
boot. The patient transitioned to normal footwear at 
approximately 8 weeks and at the 6-month follow up 
appointment, the patient reported subsiding numbness 
of the left 2nd digit with no pain and full activity in 
tennis shoes and sandals. 

DISCUSSION
Hallux varus is often a tri-planar deformity and has 
multiple etiologies, however is most commonly 
seen iatrogenically following surgery for hallux 
abductovalgus.1,4 Various treatments are available, 
but depend greatly on the length and progression 
of the deformity, and ultimately, patient tolerance 
and pain level. Soft tissue procedures which include 
tenotomy, tendon transfer and release, ligament 
reconstruction and mini tightrope are the standard 
secondary treatments for flexible hallux varus 
which has already been treated unsuccessfully with 
conservative measures such as altered footwear, pads 
and orthotics.2-10 Arthrodesis is reserved for painful, 
rigid hallux varus in which degenerative changes are 
seen at the 1st MTPJ.7,11-13 In this case, radiographs did 
not indicate significant degenerative changes at the 1st 
MTPJ, but rigidity, pain and decreased function during 
ambulation were the patient’s principal reason for 

exposed and a transverse tenotomy and capsulotomy 
were performed. Once the proximal interphalangeal 
joint was freed of its soft tissue attachments, the joint 
surfaces were resected using a bone saw. Then, after 
irrigation with normal saline, a 0.062 k-wire was used to 
secure arthrodesis that was driven anteriorly through the 
middle phalanx and distal phalanx distally up through 
the toe. Next, the fusion site was reapproximated and 
the k-wire was driven retrograde through the proximal 
phalanx. While the toe was plantarflexed, the k-wire 
was driven into the 2nd metatarsal head. The position 
was deemed adequate under fluoroscopy. The tip of the 
k-wire was bent, cut, and capped. The wounds were 
then irrigated. The extensor tendon was reapproximated 
with 4-0 Vicryl, the subcutaneous layer was closed with 
5-0 Vicryl, and the skin with 5-0 Prolene. Once the 
tourniquet was deflated, prompt hyperemic response 
was noted to all digits, and dressings were applied with 
Betadine-soaked Adaptic, gauze, Kling and Coban. 

The patient was extubated without incident, and 
transferred to the recovery room in stable condition. 
She was provided with a modified Aircast boot, where 
a layer of felt was placed at the bottom of the boot to 
off load the 2nd toe and k-wire. 

Postoperative care consisted of discharging 
the patient home on the same day as surgery with 
instructions for strict non-weight bearing to the left 
lower extremity and to use crutches or a walker when 
ambulatory. The patient was instructed to elevate 
and apply ice to the dorsum of her foot or behind her 
knee for 20-30 minutes every hour as needed. She 
was to keep the dressings clean, dry, and intact and 
to not remove them. She was given a prescription 

Figure 2. (A) Preoperative WB x-ray, (B) postoperative x-ray, (C) Postoperative follow up x-ray at 12 weeks.
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Jacobs, and Thomas S. Roukis. “Failure after 
Soft-tissue Release with Tendon Transfer for 
Flexible Iatrogenic Hallux Varus: A Systematic 
Review.” J Foot Ankle Surg 51.2 (2012): 195-97.
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seeking treatment. The primary purpose of arthrodesis 
in this case was to decrease pain and deformity and 
increase function, thus increasing quality of life. A 
cosmetic and pain-free ambulatory foot was created 
and the patient has currently resumed full activity 
with plans to have the same procedure on the right 
foot performed in the near future. 
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