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NATIONAL FOOT & ANKLE REVIEW 

LITERATURE REVIEW 

Alternative Joint Preserving Surgical 
Treatments for Structural Hallux Limitus 

Rodmehr Ajdari, B.S., Heather Newhard, B.S., M.P.H. and 
Brett Shahabi, B.S. 

INTRODUCTION 
A review of the literature suggests hallux limitus as 
one of the two most common and disabling 
conditions affecting the first metatarsophalangeal 
joint (MTPJ), second to hallux valgus 1• Hallux 
limitus is clinically characterized by a limitation of 
motion around the first MTPJ 2. Hallux rigidus is a 
term reserved for end stage cases of hallux limitus 
where the first MTPJ has severe loss of motion and 
may have become ankylosed1

• While normal, non
weight bearing dorsiflexion of the hallux is about 65° 
to 75 °, patients with hallux lirnitus generally have 
significantly less2

. The limitation of motion is found 
around the sagittal plane, this limited motion 
increases the ground reactive forces which can often 
lead to localized first MTPJ pain3

. 

The etiology of structural hallux limitus includes 
a range of pathological mechanisms, such as 
repetitive trauma, metatarsus primus elevatus, and 
arthritic degeneration around the first MTPJ 1

. Other 
researchers report that soft tissue structures also have 
the ability to restrict motion around the first MTPJ4

. 

Elevated mal-alignment of the first metatarsal in the 
sagittal plane, known as metatarsus primus elevatus 
is often viewed as a progressive condition which 
results in pain and dysfunction of the first MTPJ3

• 
5

. 

The most frequent cause of metatarsus primus 
elevatus is functional hypermobility of the first ray. 
However, other underlying pathologies behind 
metatarsus primus elevatus can include 
gastrocnemius-soleus equinus, compensated forefoot 
valgus, and an excessively long first metatarsal6

. 

Thus, when the functional contact of the first 
metatarsal is altered, the first metatarsal may become 
elevated during gait6. An elevated or dorsiflexed first 
metatarsal is known as a high causation variable in 
the development of structural hallux limitus3

. 

The progression from hallux limitus to hallux 
rigidus can be classified into a four point grading 
system, with a range of Grade 1-4 (TABLE 1). 
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Generally grades 1 and 2 are considered a less severe 
deformity which are more likely to be treated with 
joint preserving surgical procedures. Grades 3 and 4 
are more severe and may require a joint destructive 
surgical procedure. In grade 4, there is significant 
degeneration of the articular cartilage most often 
resulting in the need for joint destructive procedures, 
such as arthrodesis or synthetic implane. 

For many cases of structural hallux limitus 
surgical correction is often the most effective 
treatment option. In Gerbert's book, Textbook of 
Bunion Surgery, he describes eight joint preserving 
procedures which include: the Hohmann-Type 
procedure, Watermann procedure, Youngswick
Austin modification, dorsal V osteotomy, 
plantarflexory wedge osteotomy, Mau, cresentic, and 
the first metatarsal saggital Z2

• Essentially, these 
procedures are designed to either shorten and/or 
plantarflex the first metatarsal. 

The purpose of this study is to briefly introduce 
three alternative joint preserving surgical procedures 
for the treatment of structural hallux limitus: long 
arm decompressional osteotomy (LADO), modified 
Youngs wick procedure and distraction of the first 
MTPJ. Although the literature available for these 
procedures is limited, they may offer promising 
outcomes for the treatment of structural hallux 
limitus when appropriately indicated. 

IMAGING 
Standardized weight bearing plain film radiographs, 
including anteroposterior and lateral of the foot, are 
necessary in the evaluation of hallux limitus 7 

(FIGURE 1). 
The anteroposterior and lateral radiographs 

allows the surgeon to measure the average width of 
the first MTPJ (FIGURE 2). The anteroposterior and 
lateral radiographs also allows the surgeon to assess 
for first MTPJ arthritis based on the amount of 
chondrolysis. Furthermore, the lateral radiograph 



allows the surgeon to evaluate if metatarsus prim us 
elevatus is present, which would be indicated by a 
value greater than 9mrn8 (FIGURE 3). This value is 
obtained from the lateral radiograph by measuring the 
difference between the dorsal cortices of the first and 
second metatarsals in millimeters at the level of the 
head and neck junction. Normal values are 
onsidered to be 8mrn and below7

. Radiographic 
findings by for the grading classification are as 
follows: 

TABLE 1: 
Hallux limitus grading system based on clinical, 

diol!ranhic. and intraonerative find'---2 
·--- - - - - -------~ ..... 
Grade 1 1. Pain at end of the first MTPJ motion. 

2. Limitation of the first MTPJ range of 
motion in a relaxed calcaneal stance 
position. 

3. Significant abnormal pronation may be 
present 

4. Possible elevatus of the first metatarsal. 
5. Possible plantar subluxation of the 

proximal phalanx. 
Grade 2 1. Pain at end of the first MTPJ motion. 

2. Limitation of the first MTPJ range of 
motion non-weight bearing. 

3. Possible osteochondral defects and 
flattening of first metatarsal head. 

4. Small dorsal exostosis is commonly 
present. 

5. Viable articular cartilage over the majority 
of the metatarsal head seen 
intraoperatively. 

Grade 3 1. Pain and crepitation with first MTPJ range 
of motion. 

2. Significant limitation of the first MTPJ 
range of motion non-weight bearing. 

3. Large dorsal exostosis on first metatarsal 
head. 

4. Osteophytic proliferation on first 
metatarsal head or base of proximal 
phalanx or both seen dorsally. 

5. Significant narrowing of joint space seen 
on anteroposterior (AP) radiograph. 

6. Significant flattening of the first metatarsal 
head when viewed on AP radiograph. 

7. Significant degeneration of the articular 
surface of the first metatarsal head seen 
intraoperatively. 

Grade4 1. Pain and crepitation with first MTPJ range 
of motion 

2. Less than 20° of total motion at the first 
MTPJ non weight bearing 

3. Total obliteration of the first MTPJ space 
when viewed on AP radiograph 

4. Loose bodies within the first MTPJ seen 
intraoperatively 

5. Nonsalvageable articular surface of the 
first metatarsal head seen intraoperativley. 

Grade 1 will show a generally well preserved joint 
space with small marginal osteophytes laterally and a 
small dorsal spur. Grade 2 shows a narrowing joint 
space due to increasing lateral marginal osteophytes 
as well as a more pronounced dorsal spur. Flattening 
of the metatarsal head begins to become apparent in 
Grade 2. In Grade 3, joint space narrowing 
continues and is now accompanied by irregularities 
apparent with the sesamoid bones. Dorsal spur size 
continues to increase as well. Grade 4 radiographs 
present with severe degenerative changes and are 
often hard to distinguish from Grade 3 radiographs . 

FIGURE 1: 
Weight bearing anteroposterior (AP) view of patient with 
normal joint motion 

METHODS: 
A PubMed search includes citations for biomedical 
literature from MEDLINE, life science journals, and 
online books. A MeSH search was performed full 
text available peer reviewed articles with the 
keyword "hallux limitus" with subheadings of 
complications, diagnosis, epidemiology, etiology, 
pathology, pathophsyiology, radiography, 
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rehabilitation surgery and therapy. Three new joint 
preserving surgical procedures for the treatment of 
grades 1 and 2 hallux lirnitus were chosen for review 
based on the following outcome criteria: 
decompression, sagittal plane, and abnormal length 
of the first metatarsophalangeal joint correction. We 
also compared the literature for each procedure and 
fixation use, post operative return to guarded weight 
bearing and post operative return into normal shoe 
gear. Procedures dating back past the year 2000 were 
excluded. An additional nine articles were also cited 
in this review. Further clinical classification data was 
referenced from Textbook of Bunion Surgery 3'ct 
Edition. 

FIGURE2: 
Weight bearing anteroposterior (AP) view of patient with 
Grade 2 hallux limitus 

FIGURE3: 
Weight bearing lateral (LAT) view of patient with 
metatarsus primus elevatus 
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SURGICAL PROCEDURES 
Long Arm Decompression Osteotomy (LADO) 
In the long arm decompression osteotomy, a V -type 
dorsal to plantar osteotomy with a longer medial arm 
than lateral arm is performed, with a second 
osteotomy proximal and parallel to the first 
osteotomy. Fixation is achieved using proper AO 
technique using two screws due to the osteotomy 
location in the diaphyseal region. The procedure is 
indicated for decompression of the first MTPJ with 
metatarsus primus elevatus or an abnormally long 
first metatarsal. Postoperative care includes non
weight bearing for the first 2 weeks postoperatively, 
followed by guarded weight bearing in a rigid 
surgical shoe for the next 4 weeks, and return to 
normal shoe gear by 6 weeks if osseous union is 
noted clinically and radiographically9

. 

Modified Y oungswick Procedure 
In the modified Y oungswick procedure, a Chevron 
V -osteotomy on the first metatarsal head is 
preformed, with resection of a predetermined amount 
of dorsal bone that will be placed into the plantar 
osteotomy gap, functioning as an bone autograft. 
Fixation is achieved using proper AO technique using 
one or two screws. The procedure is indicated for 
decompression of the first MTPJ with metatarsus 
primus elevatus and normal length of the first 
metatarsal relative to the second metatarsal. 
Postoperative care includes minimal or heel weight 
bearing for 5 days postoperatively, and return to 
normal shoe gear by 6 weeks if osseous union is 
noted clinically and radiographically 10

• 

Distraction of the first MTP J 
In the distraction of the first MTPJ, a rninirail 
external fixator is applied to the medial side of the 
first MTPJ and hallux, with distraction occurring 
distally, with acute intraoperative distraction of up to 
5 mm. The procedure is indicated for decompression 
of the first MTPJ without metatarsus primus elevatus 
and normal length of the first metatarsal. 
Postoperative care includes joint status for 7 days 
postoperatively, followed by distraction done by the 
patient at a rate of 0.5 mm/d for a maximum of 14 
days, then joint status again for 14 days, and removal 
of the distraction fixator by six weeks4

. 



FIGURE4: 
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DISCUSSION: 

1' 

To our knowledge, there are no comparative studies 
which evaluate outcomes of these surgical procedures 

at the time of this publication. Although numerous 
procedures are mentioned in the literature with 
regards to structural hallux limitus, the three 
procedures examined within this article are used 
primarily to decompress the first MTPJ as a joint 
persevering procedure and secondarily, to fix any 
sagittal plane deformities or abnormal length of the 
first metatarsal. 

The long arm decompression osteotomy (LADO) 
has the potential to accomplish better optimal results 
by not only decompressing the first MTPJ, but also 
when dealing with an elevated or an abnormally long 
first metatarsal. The LADO is suggested as an option 
for treatment in those patients who require a 
moderate degree of shortening of the first metatarsal 
or those patients in need of a mild increase in 
plantarflexion of the first metartarsae. The LADO 
also allows for two screw fixation due to the length 
of the medial arm which cannot be accomplished 
with the standard dorsal V osteotomy. According to 
Robinson and Frank9

, only two LADO procedures 
have been performed. In both cases, however, 
excellent results were reported. 

The Modified Y oungwick is also indicated for 
decompression of the first MTPJ and metatarsus 
primus elevatus; however the Modified Youngswick 
requires that you have normal first metatarsal length 
relative to the second metatarsal. In this procedure, 
the proximal phalanx is allowed to glide over the first 
metatarsal without jamming into it, thus increasing 
joint range of motion without changing the length of 
the metatarsal10

• Even though a bone autograft in the 
foot may require 12 weeks of non-weight bearing, 
Radovic et al was able to describe excellent results 
with immediate partial weight bearing. Other studies 
have shown that depending on the size and the 
location of the bone autograft in the foot, 
immediately partial weight bearing can be used 11

• 

When compared to the Y oungswick, the modified 
Youngswick can potentially offer a higher degree of 
plantarflexion dependent on the amount desired 
shortening. A further review literature did not yield 
any additional studies on this procedure to date. 

Talarico et al completed a longitudinal study in 
2005 of 133 patients with hallux limitus treated with 
distraction of the first MTPJ and found that 
distraction provided relief of the internal pressure 
forces and external muscular forces acting upon the 
compressed joint, thus eliminating pain4

. However, 
the distraction of the first MTPJ does not correct for 
any metatarsus primus elevatus or abnormal length of 
the first metatarsal. 

Post-operatively, the LADO requires a minimal 
of 2 weeks of complete non-weight bearing, at which 
point guarded weight bearing in a surgical shoe can 
be allowed. The Modified Y oungswick allows for 
guarded weight bearing immediately post-operatively 
in a surgical shoe. Although the distraction of the 
first MTPJ requires no weight bearing restrictions 
due to the fact that no osteotomies were performed 
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during correction, the only restriction in shoe gear is 
the size of the external distraction, so a surgical shoe 
may be necessary until the fixator is removed by 
week 6. Even though the standard timing for 
removal of a distraction fixator for other 
arthrodiastasis in the body is usually 3 months12

•
13

, 

Talarico was able to achieve distraction of the first 
MPTJ and removal of the fixator in a minimum of 6 
weeks (SEE TABLE 2) 

TABLE2: 
Surgical LADO Modified Distraction 
Procedure Youngswick of first 

MTPJ 
Decompress Yes Yes Yes 
first MTPJ? 
Correct Yes Yes No 
elevated first 
metatarsal? 
Correct Yes No No 
abnormal long 
first 
metatarsal? 
Type of Internal Internal External 
fixation 
Return to Week3 Immediately Immediately 
guarded (to full 
weight bearing weight 
postoperatively bearing) 
by? 
Return to Week6 Week6 Week6 
normal shoes 
postoperatively 
by? 

CONCLUSION 
Although the literature indicated that studies to 
examine outcomes of these procedures are underway, 
we were unable to locate any of these in our review. 
However, all three procedures are indicated for 
decompression of the first MTPJ and joint 
preservation in the treatment of Grade 1 or 2 
structural hallux limitus. Each of the procedures has 
the ability to correct an associated deformity of the 
first metatarsal with Grade 1 or 2 structural hallux 
limitus as well. If a patient is presenting with Grade 1 
or 2 structural hallux limitus with metatarsus primus 
elevates and an abnormally long first metatarsal 
relative to the second metatarsal, then the LADO can 
be the procedure of choice over other distal 
osteotomies. If a patient is presenting with Grade 1 
or 2 structural hallux limitus with metatarsal primus 
elevates and a normal length first metatarsal relative 
to the second metatarsal, the Modified Y oungswick 
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can be the procedure of choice versus other proximal 
osteotomies. Lastly, if a patient is presenting with 
Grade 1 or 2 structural hallux limitus with no 
metatarsus primus elevates and a normal length first 
metatarsal with only soft tissue imbalances, then the 
distraction of the first MTPJ can be the procedure of 
choice over other non-osteotomies. Since all three 
procedures allow the patient to return to normal shoes 
by a minimum of week 6 post-operatively, they allow 
for a relatively short amount of recovery time. Given 
the clinical presentation of the patient, the LADO, 
Modified Y oungswick, and distraction of the first 
MTPJ can be considered for decompression of the 
first MTPJ as an alternative joint-preserving 
procedure for the treatment of Grade 1 or 2 structural 
hallux limitus. 
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LITERATURE REVIEW 

Septic Ankle Fusion and Limb Salvage in 
Failed Open Reduction and Internal Fixation 

with Chronic Osteomyelitis 
Jeremy Evans, B.S. and Derek Florek, B.S. 

r\IRODUCTION 
Ankle sepsis following open reduction and internal 
fixation (ORIF) of traumatic ankle fractures is 
reported in the range of 1-8%. 1 In fact, according to 
Patzakis et al, "The tibia is the most common site of 
infected nonunion and chronic posttraumatic 
osteomyelitis."2 Treatment is largely dictated by the 
severity of injury, the extent of infection, and 
combined co-morbidities. In 1989 Cierny et al. 
produced a landmark paper on the topic of septic 
ankle fusions. They posed the question, "Can a 
uccessful arthrodesis be accomplished in the 

presence of sepsis, inadequate bone stock, and 
compromised soft tissues?" They reviewed 36 cases 
of refractory osteomyelitis of the distal tibia and talus 
secondary to trauma that initially underwent ORIF. 
Osteomyelitis was present on average 8 months 
(range 1-35 months) . Eight patients opted for initial 
below-the-knee-amputation due to longevity of 
treatment, possible complications, fear of prolonged 
pain, and risk of failure. 3 The remaining patients 
attempted limb salvage via the following procedures: 
(1) radical debridement of soft and osseous necrotic 
tissue including removal of internal fixation and 
wound stabilization via external fixation, (2) skin and 
muscle grafting to cover soft tissue deficits, and (3) 
ankle fusion with bone graft. Cierny et al. attempted 
to perform all three steps in a single-staged 
procedure. When osseous defects were greater than 
50 cc the single-staged approach was converted to a 
multi-staged protocol in order to pack the wound 
with antibiotic beads and prepare the wound for bone 
graft and delayed ankle fusion. Of the 26 patients 
who attempted limb salvage, 24 went on to successful 
ankle fusion. 3 The purpose of this article is to review 
the literature regarding limb salvage of the septic 
ankle. Special attention is given to the results of 
ingle-staged versus multi-staged protocols. This 

paper also highlights ankle joint anatomy, 

classification and staging of osteomyelitis, the Ankle 
Column Index, and the goals of ankle joint fusion in 
general. 

ANKLE JOINT ANATOMY AND INFECTION 
The ankle joint is susceptible to post-traumatic 
infection due to the thin skin surrounding the joint, 
which offers poor soft tissue coverage and lends itself 
to open fractures. These characteristics contribute to 
post-traumatic wound complications and an increase 
in the incidence of osteomyelitis and joint sepsis.4 

Hulscher et al. explained, "Due to the subcutaneous 
position of the tibia and the soft tissue coverage of 
the lower leg, the ankle region is extremely 
vulnerable. Sufficient soft tissue coverage is 
necessary for consolidation of any fracture. "5 

Osteomyelitis of the distal tibia and fibula is often 
polymicrobial with more than one organism present 
in 32% to 70% of patients.2 The most common 
microbes isolated from the infected ankle joint are 
gram-positive skin flora, which include 
Staphylococcus and Streptococcus, being found in up 
to 83% of reported cases.6 The second most 
common organism is Pseudomonas aeruginosa, 
found in 20% to 37% ofpatients.2 Other isolates 
include Mycobacterium tuberculosis, Salmonella 
enteritidis, gram negative rods, and even fungal 
microbes such as Coccidioides and Aspergillu/·8• 

CLINICAL ASSESSMENT 
Assessment of the disease process and the patient's 
ability to fight infection is important in the 
development of treatment goals and predicting 
surgical outcomes. For this reason in 1985 Cierny
Mader published a classification system capable of 
stratifying the extent of infection in long bones and 
assessing the physiologic condition of the patient. 
Osteomyelitis is classified as (I) Medullary, (II) 
Superficial, (III) Localized, and (IV) Diffuse. 
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Physiologically patients are divided into three 
groups: (A) normal, (BL) locally compromised, (Bs) 
systemically compromised and (C) not a treatment 
candidate. Some examples of local compromise 
include: major vessel disease, venous stasis, and 
extensive scarring. Systemic compromise includes: 
immune deficiency, diabetes mellitus, renal failure, 
and tobacco use9

. 

IMAGE 1 : Demonstrating excellent ankle fusion 
technique. Ankle is fused 90 degrees to the tibia with 0-5 
degrees of calcaneal valgus, the foot is externally rotated 
equal to the other side. Used with permission. 

In 1989 Cierny et al. described the Ankle Column 
Index (ACI). 3 The ACI considers the structural 
integrity of the three columns of the ankle. The 
medial column consists of the medial malleolus, the 
central column is the weight-bearing portion of the 
tibia on the talus, and the lateral column is the distal 
2-3 inches of the lateral malleolus. Of the article's 26 
limb salvage patients the average time to fusion was 
7 months. On average deficits in the lateral column 
fused in 3.5 months versus 7.1 months for deficits in 
the central column. 3 Central column deficits are 
more severe and difficult to treat than lateral or 
medial columns deficits. It is therefore important to 
use the Cierny-Mader classification and the Ankle 
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Column Index to properly assess your patient and 
select appropriate treatment. 

SURGICAL TREATMENT 
The goal of ankle arthrodesis is to create a pain-free 
plantigrade foot for weight bearing with the ankle 
joint fused at 90 degrees. The foot should be in slight 
external rotation equal to the other foot with the heel 
in 0-5 degrees of valgus. Fusion of the heel in a 
varus position must be avoided; this will cause the 
midtarsal joint to lock leading to lack of 
compensation through the midfoot. The talus needs 
to be posteriorly displaced under the tibia to reduce 
distal tibial pain and midfoot stress.4 Excess 
dorsiflexion may result in heel pain and ulceration; 
excess plantarflexion will cause metatarsalgia. 10 

Achieving successful fusion in the face of ankle 
sepsis and osteomyelitis is consistently described in 
the literature as a three step process (1) aggressive 
debridement of devitalized soft and osseous tissues 
with wound stabilization by external fixation, (2) 
myocutaneous free flaps to cover and fill soft tissue 
defects, and (3) fusion of the ankle joint using iliac 
crest bone graft with and without the use of internal 
fixation. 1

•
3

•
5 

Studies regarding the three-step septic ankle joint 
limb salvage protocol are diverse in the timing of 
ankle fusion with bone graft. Cierny et al., in 1989 
and 1997 described this procedure performed in a 
single-stage unless there was more than 50cc of bone 
loss. 3·

11 In 1997 Thordarson et al. used a staged 
protocol that delayed ankle fusion 2-4 months. 
Delayed fusion allows osseous defects to be packed 
with antibiotic beads and permit myocutaneous skin 
grafts to become viable before fusion is performed. 
All five patients in the 1997 Thordarson et al. study 
fused on average 3.5 month. They believed their 
success was attributed to delayed ankle fusion. 11 In 
1999, Richter et al. reported results of 45 attempted 
limb salvages via ankle fusion. Their study included 
45 septic ankles with osteomyelitis. Richer et al. 
used a multi-staged protocol with delayed ankle 
fusion, 39 of 45 patients (86.6%) achieved fusion 
with successful limb salvage.13 

In 2003, Kollig et al. fused 14 of 15 septic ankles 
in a single-stage protocol. 14 Their study was unique 
because it was the first to look specifically at the use 
of hybrid fixators while specifically avoiding internal 
fixation. Advantages of the hybrid external fixator 
were "stability comparable to the genuine ring fixator 
minimizing the volume of implants within the bone, 
and avoidance of internal fixation crossing resection 
planes leaving a non-disrupted area for fusion 
between the tibia and talus."14 The authors concluded 
that a single-stage approach with the hybrid external 
fixator worked well because hardware was not placed 



the fusion site allowing for optimal blood flow. 
tudy notes that if internal fixation is avoided 

tic ankle fusion can be successfully carried out in 
tag e. 

I\fAGE 2: A septic ankle with chronic osteomyelitis 
ondary to infected ORIF. Used with permission. 

In 2004 Zalvaras et al. agreed regarding the 
nict use of external fixation and avoiding internal 

fixation, but strongly advocated in favor of the multi
taged protocol with delayed ankle fusion. 15 Limb 

salvage was obtained in all six patients, although all 
ix patients were type A hosts with no local or 
, _temic compromise. Zalvaras et al. said, "This 
taged approach has distinct advantages; it allows 

temporary placement of antibiotic beads resulting in 
high concentration of antibiotics; it permits repeat 
debridement of the infected site at the time of free 
muscle transfer, and it ensures that soft tissue 
overage and control of infection will be established 

before bone grafting."15 

Figure '1. Septic ankle fusion data from 1989 to 2010 

Zalvaras et al. admit that their study is limited by 
small sample size and lack of randomization. 
Saltzman reports on the fusion of 7 of 8 patients 
using a single-stage debridement arthrodesis in 
2005 .16 The latest study on septic ankle joints was 
published in 2010 by El-Alfy. This study included 7 
patients with septic ankles who initially underwent 
open reduction and internal fixation. Rate of union 
was 100% usin~ a single-stage protocol with an 
Ilizarov frame. 1 

IMAGE 3: Multi-staged protocol in which the infected 
hardware is removed, bone and soft tissue are debrided, and 
the osseous void is packed with antibiotic beads in 
preparation for delayed ankle fusion with bone graft 2-4 
months later. Used with permission. 

DISCUSSION 
When faced with failed post-traumatic open 
reduction and internal fixation of ankle fractures, 
joint infection must be ruled out. If chronic 
osteomyelitis develops the decision must be made 
whether or not the limb can be salvaged. 

Study Sample Size Fusion Protocol Fusion Rates Average Fusion Time -
Ciemy et al. 1989 26 Both 24/26 (92%) 7 Months 
Ciemy et al. 1997 79 -- Both - 67/69 @6%) Not Reported ---- -
Thordarson et al. 1997 5 Multi-Stage 5/5 (100%) 3.5 Months --
Richter et al. 1999 29 

~~ 

Multi-Stage - 25/29 (86%) Not Reported ---- -Hulscher et al. 2000 19 Multi-Stage 16/19 (84.2%) 12.5 Months ---- : 
Kollig et al. 2003 15 -- Single-Stage 14/15 (93%) Not Reported 
Zalvaras et al. 2004 6 

--
Multi-Stage 

: 
6/6 (100%) 4.5 Months ---- : 

Saltzman 2005 8 Single-Stage 7/8 (87.5%) 3.5 Months 
- ~ = 

EI-Aitv 2010 . - 7 -·- --· Sinqle-Staqe 717 (100%) Not Reported 
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This includes patient work-up for systemic and local 
compromise, obtaining studies to investigate the 
extent of osteomyelitis, determining the Ankle 
Column Index and conducting in-depth discussions 
with the patient weighing the risks and benefits of 
limb salvage. 

If the joint is salvageable and the patient 
consents to surgery the steps of joint salvage are well 
documented achieving greater than 80% fusion in 
either a single or multi-staged approach. Multiple 
opinions exist concerning which is better. The 1989 
and 1996 Cierny et al. papers support the single-stage 
while converting to a multi-staged protocol when 
bone loss if greater than 50cc. This is a reasonable 
approach as long as internal fixation is not used. The 
avoidance of internal fixation and the strict use of 
external fixation are appealing for several reasons. 
External fixation offers a stable construct, which 
avoids metal crossing the fusion site reducing the risk 
of infection. 16

'
18 According to El-Alfy in 2010 the 

use of internal fixation in the presence of infection 
and poor bone stock has limited use and is in fact 
now contraindicated in this scenario. 16 

Some patients would prefer one procedure in the 
form of a below the knee amputation and begin 
rehabilitation than to begin an extensive course of 
treatment including multiple surgeries, external 
fixation, prolonged antibiotics, and protracted pain 
being aware that BKA may still be required. Limb 
salvage may last up to 1 year. If complications arise, 
it could take up to 29 months. 3 

Cost is also an important factor to consider. 
Bourdurant et al. reported on the medical and 
economic impact of delayed versus primary 
amputations following severe open fractures of the 
lower extremity. They reported an approximate 50% 
decrease in medical costs with primary amputation 
compared with delayed amputation. They affirm, 
"Protracted limb salvage attempts may only serve as 
a demonstration of technical advances in medicine 
while leaving the patient physically, emotionally, 
psychologically, and financially in ruin."19 

Figure 2. Comparison o single and multi·stagect 
septic ankle fusion success rates 1989 to 2010 

Single-S age Protocol 28/30 93.33% 

Multi-Staged Protocol 62/59 88.14% 

CONCLUSION 
Septic ankle fusion can be successfully performed 
80-100% of the time using either a delayed "multi
staged" fusion or immediate fusion in a "single
stage" protocol, see figure 1. No conclusion can be 
made in favor of a single versus multi-staged 

Page 12, National Foot and Ankle Review 2010-2011 

protocol although the single-staged protocol reports a 
slightly better fusion rate of 93% versus a multi
staged 88% success rate, see figure 2. We feel 
strongly that all future studies on this topic need to 
include analysis using the Ankle Column Index. The 
involvement of the central column is critical in 
predicting outcomes. Zalvaras et al. noted that the 
presence of bone loss in the central column of the 
distal tibia and the physiological condition of the 
patient were the most reliable predictors of fusion 
failure. 15 Randomized control trials are needed to 
evaluate limb salvage of the septic ankle in the 
single-stage versus the multi-staged approach. 

IMAGE CREDITS: All radiographs were used with 
permission courtesy of Dr. Glenn Weinraub, DPM and the 
Kaiser Hayward/Fremont Residency Program. 
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Progression and Complications of Charcot 
Neuroarthropathy: A Case Presentation 
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INTRODUCTION 
Diabetes mellitus, a chronic metabolic disorder 
frequently encountered by physicians, requires 
continuing self-management patient education and 
constant medical care to prevent acute and long term 
complications. 1'

2 One of the most calamitous 
complications of diabetes mellitus is untreated or 
undiagnosed diabetic neuroarthropathy, also known 
as Charcot neuroarthropathy.3 This important often 
overlooked condition is characterized by progressive 
deterioration of weight-bearing joints and is primarily 
seen in the foot and ankle of patients with diabetic 
neuropathy.4

'
5 Peripheral neuropathy resulting from 

alcoholism, syphilis, leprosy, multiple sclerosis, 
cerebral palsy, rheumatoid arthritis, congenital 
insensitivity to pain and traumatic injury may also be 
linked to the development of Charcot 
neuroarthropathy.5' 

6 In addition to physical 
challenges, Charcot neuroarthropathy may also 
negatively impact a patient's mental, emotional and 
social health resulting in significantly decreased 
morbidity and mortality.7 

Patients with peripheral neuropathy and suspected 
Charcot neuroarthropathy should seek immediate 
attention from a specialist for proper assessment and 
care.4 Successful treatment is dependent on early 
and timely intervention, so it is important that any 
clinician who treats diabetic patients understand and 
recognize this condition. 3 

CLINICAL PRESENTATION 
The Charcot foot usually presents in those patients 
with diabetes and neuropathy. 8 Presentation may 
evolve slowly over several months or rapidly within 
weeks. Development is initiated by hyperemia, 
following a traumatic event to the foot or ankle. This 
event may or may not be recalled by the patient. 3 

Physical exam reveals a unilateral red, hot and 
swollen foot or ankle.4' 

8
• 
9 Although unilateral 
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presentation is more common, bilateral involvement 
has been documented in the literature to range from 9 
to 30 percent. 1

' 
9

• 
10 Moderate to severe pitting edema 

resembling venous insufficiency or thrombophelbitis 
may be present. 11 Deep vein thrombosis , infection, 
gout or inflammatory arthritis should be ruled out. 3 

Charcot foot presents normally in the fifth and 
sixth decades of life with the average duration of 
diabetes prior to manifestation being 12 years. 12 The 
prevalence of obesity seen in Charcot 
neuroarthropathy patients is two-thirds . 10 The 
presence of sensory peripheral neuropathy is essential 
to the development of Charcot neuroarthropathy.9 

Onset may be acute with severe or no pain depending 
on the level of sensory neuropathy present. 
Diagnosis of peripheral neuropathy to examine level 
of lack of sensation is determined by the use of a 
Semmes-Weinstein 5.07 monofilament which applies 
1 Og of pressure to the skin. 6 An altered gait pattern 
is usually present which contributes to the increase in 
mechanical load in the insensate foot. 10 The foot 
tends to become wider and demonstrates eversion and 
external rotation with a flat longitudinal arch 
resulting in abnormal gait and a classic plantar 
prominence or rocker bottom appearance. 12 Patients 
with rocker bottom deformities may have a plantar 
ulcer under the focal pressure point. 8 Secondary 
ulceration and infection may be present.3 Generally, 
the acute Charcot foot has adequate blood flow and 
pedal pulses may be bounding. A temperature 
difference of 4 degrees Fahrenheit when compared to 
the contra-lateral foot is considered clinically 
significant. 8 

DIAGNOSIS 
The diagnosis of acute Charcot is based on evaluation 
of plain film x-ray. 13

' 
14 Unique changes of osteolysis 

are seen as a result of constant external pressure in 
the insensate foot with good blood flow. Further 
involvement involves fragmentation and 



· culation. 13 Visible fracture or dislocation with 
xplained sub acute inflammation must be 

:nt.14 

Distinguishing Charcot neuroarthropathy from 
myelitis is challenging. No single imaging 

hnique clearly distinguishes neuroarthropathy 
m a deep bone infection. A high intensity signal is 

in both conditions.6
• 

15 However, radionuclide 
tope imaging, computerized tomography and 
gnetic resonance imaging (MRI) may be helpful in 
blishing a diagnosis. Studies support that the 

= ater the signal intensity on a T2 weighted image, 
greater the likelihood of osteomyelitis being 
sent. 15 Osteomyelitis usually displays visible soft 
ue tracking on MRI.8 A bone biopsy may be 
ful in ruling out osteomyelitis when imaging and 

xamination assessments are difficult to distinguish 
Charcot neuroarthropathy from infection.3 Some 

erature supports a clinical evaluation in which 
elling and rubor decrease is monitored with the 
tient laying supine. If these decrease, a diagnosis of 

Charcot neuroarthropathy is more likely versus 
eomyelitis. Evidence that probing to bone and the 
ntifying a breach in the skin or a portal of entry 
ough the nail positively correlates with 
eomyelitis also exists in the literature.5

•
6

•
9 

Laboratory tests such as erythrocyte sedimentation 
te, complete blood count, and C-reactive protein are 

useful when properly correlated to a complete 
and detailed and history and physical examination. 11 

CHARCOT CLASSIFICATION 
Charcot neuroarthropathy can be described by either 

ing the Eichenholtz or Sanders classification 
tern. 
The Eichenholtz Classification of categorizes the 

isease based on clinical, radiographic and 
athological indicators.6 Three stages are used to 
escribe the progression of arthropathy. From a 

radiographic standpoint, Stage I is described as the 
developmental phase, in which osseous destruction of 
bone can be seen on plain film radiographs, as 
exemplified by joint effusion, bone fragmentation, or 
joint subluxation. 16

'
17 Stage II is described as the 

oalescence phase, in which repair of large fracture 
fragments can be seen on plain film radiographs, as 
exemplified by sclerotic bone surrounding the joint, 
resorption of intra-articular debris, or fusion of larger 
bony fragments. 6

· 
17 Stage III is described as 

reconstructive, in which ankylosis and hypertrophic 
proliferation can be seen on plain film radiographs, as 
exemplified by remodeling of bone and some 
reformation of the joint architecture. 11

' 
17 Clinically, 

Stage I presents as the red, hot, swollen foot. The 
three cardinal signs of Charcot neuroarthropathy, 
erythema, warmth, and edema, resolve during Stage 

II. Soft tissue healing is present in Stage III. 6 A new 
stage, Stage 0 has recently been added to the 
Eichenholtz classification system. This stage 
identifies a pre-fragmentation or acute inflammation 
stage. Here there is no radiographic evidence of 
degeneration, but the foot does appear red, hot, and 
swollen. Early diagnosis and intervention in Stage 0 
is critical for prevention of long term complications. 5 

In the Sanders classification system, five types 
are used to describe the anatomical location of 
Charcot neuroarthropathy based the level of 
deformity. 15 Type I involves the metatarsophalangeal 
and interphalangeal forefoot joints. Type II involves 
the tarso-metatarsal or Lisfranc' s joint, which is the 
most common level of deformity. Type III involves 
the tarsal or Chopart's joint, which is the second most 
common level of deformity. Type IV involves the 
ankle or subtalar joint. Type V involves the 
calcaneus. Types I, IV and V are relatively 
uncommon sites for Charcot neuroarthropathy to 
occur (FIGURE 1). 3• 

5
• 

15
' 

17
• 

18 

FIGURE 1: Anatomical locations for Charcot 
neuroarthropathy based on the Sanders Classification 
system. I= Forefoot, II = Lisfranc's, III = Chopart's, IV= 
Ankle, V =Calcaneus. 

Note: Type II and Type ill are the most levels of deformity 
for Charcot neuroarthropathy to occur. 

PATHOPHYSIOLOGY 
There are currently two main theories as to the 
pathophysiology of Charcot neuroarthropathy. The 
German based neurotraumatic theory and the French 
based neurovascular theory. The neurotraumatic 
theory states that the neuroarthropathy is the result of 
a repetitive cycle involving excessive micro fractures 
and ligament extension that occurs when protective 
sensation and proprioception are lost from a bone or 
joint and the patient continues to weight-bear. 
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The neurovascular theory states that neuroarthropathy 
is a trophic neurologically defect that allows for 
increased osteoclastic activity and osseous blood 
flow. This theory implies that joint destruction is 
secondary to a stimulated autonomic vascular reflex 
producing arteriovenous shunting in which results in 
hyperemia and periarticular osteopenia3

• 
5

. It is also 
believed that loss of intrinsic muscle balance 
combined with increased forces plantarly can lead to 
increased loading of the foot, micro fractures, 
ligamentous laxity and bony destruction3

• 
5

. The 
pathogenesis of Charcot neuroarthropathy is 
generally accepted among the medical profession to 
be a hybrid of both theories.3

• 
9 

TREATMENT 
Serial plain film x-rays are suggested to monitor the 
progression of the Charcot foot. Films should be 
taken every four to six weeks. In the case of the acute 
Charcot foot, films may be taken more often.6• 

11 

Interdisciplinary monitoring of the patient's blood 
glucose levels, management of co-morbidities and 
family education and support are important when 
treating the patient with Charcot foot. 11 

Maintaining the architecture of the foot and ankle 
by obtaining a stable ambulating plantigrade foot, 
slowing down the hyperemic process, and relieving 
pain are the primary goals in the treatment of the 
acute Charcot foot. 3• 

9
• 

15 Various treatment modalities 
are advocated in the literature, with no one treatment 
proving to be the most effective. 15 In the case of 
unilateral Charcot, there is disagreement in the 
literature as to whether or not non-weight-bearing or 
protective weight-bearing should be utilized on the 
non-Charcot foot due to the risk of developing 
Charcot in this contra-lateral foot. 3 Current opinions 
favor non-weight-bearing, but not necessarily 
complete immobilization due to the adherent risks 
this may impose. Protection of the contra-laterallimb 
to prevent subsequent fracture during the treatment of 
acute neuropathic fracture is advised.9

• 
15 

NON-SURGICAL TREATMENT OPTIONS 
The most conventional treatment technique utilized 
for the acute Charcot foot with or without present 
ulceration, involves immobilization with the use of a 
total contact cast (TCC) with an average 
immobilization period of 18 weeks. The goal of 
casting is conformity to the lower extremity to evenly 
distribute pressure across the plantar surface of the 
foot which may prevent ulceration.5

• 
9

• 
10 Offloading 

can help minimize mechanical stresses and allow the 
Charcot foot to progress through the Eichenholtz 
stages with a decreased level of deformity and 
displacement. It is important to monitor the patient 
closely. A change in treatment plan may occur if 

P;me 16. National Foot and Ankle Review 2010-2011 

progressive deformity persists despite casting.9 

Radio graphical evidence and clinical judgment along 
with a physical examination temperature difference 
of less than 1 degree are used to guide progression 
from complete immobilization to unassisted 
ambulation. 3 

Following immobilization, specialized footwear 
may be utilized such as a charcot restrain orthotic 
walker (CROW), total contact bivalve ankle foot 
orthoses, or patellar tendon bearing braces. If anterior 
edema is still present after immobilization, the 
CROW full enclosure walker may be utilized for up 
to a year until a stable foot results. 5• 

15 Most patients 
will require accommodative footwear in addition to 
total contact insoles, so consulting a pedorthotist who 
is well trained in the biomechanics of the foot may 
beneficial in modifying footwear. 15 Footwear 
adjustments may provide a positive outcome when 
deformity, ulceration and contra-lateral involvement 
are not involved9

. Extra depth shoes are often needed; 
however it is important to note that a return to 
conventional footgear may not be achieved. 5 

Several other treatment modalities, such as bone
growth stimulation, low intensity ultrasound and 
palliative radiotherapy, have been reported in the 
literature as useful adjuncts.3

• 
5 Pneumatic walking 

boots have also been linked with positive outcomes 
in the treatment of acute Charcot; however due to the 
fact that can compromise blood flow to the foot in 
patients with occult arterial disease, they are 
contraindicated in patients with a history of arterial 
disease. The use of bisphophonates to decrease local 
temperature and pain as well as pamidronate infusion 
to decrease inflammation are recognized in the 
literature. 15 

SURGICAL TREATMENT OPTIONS 
Surgical intervention to prevent further breakdown 
may be indicated in cases demonstrating significant 
bony displacement.9

•
11 Surgical intervention can be 

influenced by numerous factors such as the patient's 
overall health status, control of blood sugar and 
extent of neuropathy, number of joints involved and 
patient compliance. 11 The goals of surgical 
intervention are to restore function in the form of 
stability and alignment and to facilitate the use of 
prescription footwear and prevent ulceration. 9• 

11 

Surgical techniques for the treatment of the Charcot 
foot range from arthrodesis, exostectomies and 
reconstructive surgery to Achilles tendon lengthening 
to address equinus contributing to plantar 
ulceration. 15 

Indications for surgical intervention vary 
within the literature and include acute dislocation, 
severe deformity, and recurrent ulceration that is 
secondary to ulceration that is secondary to a bony 



· ence or instability and cannot be managed 
th non-surgical therapy. 6• 

9 The presence of an ulcer 
e time of acute Charcot occurrence often dictates 
ther or not surgery is indicated. 9 For the stable 
nic foot with a recurrent or non-healing ulcer or a 

dual exostosis, an exostectomy is often indicated.5 

is a lower risk operative option that serves to 
icate the deformity or mechanism resulting in the 

:r formation avoids undermining skin and 
utaneous tissue by utilizing full thickness 
ction. Although outcome levels with this 
edure are reported to be high in some literature, 

=er randomized controlled studies are needed. 6· 
9 

Joint stabilization procedures are reserved 
· arily for the unstable extremity. 5 Reconstruction 
the unstable foot involves exposing healthy 

eeding bone, adequate bony positioning, rigid 
ation and the use of bone grafts.9 External 

fixation has shown to be successful for the treatment 
f midfoot arthrodesis. Furthermore, it allows for 

essible wound care therapy post operatively. 3 

Elective amputation is also an alternative to orthotic 
cing or exostectomy operative correction. 6 

Furthermore, the presence of ulceration or infection 
may result in limb loss. Osteomyelitis present in the 
Charcot foot holds a high indication for amputation. 1

• 

The timing of surgical intervention is debated in 
e literature. Historically, surgical intervention 

involving arthrodesis of the unstable joint is 
preformed once edema and erythema has subsided 
and the foot has completed Eichenholtz Stage III. 
However, primary arthrodesis may be indicated in 
Stage I in the unstable and severely deformity 
Charcot foot. 9 Patients in the quiescent stage of the 
deformity presenting with persistent ulcerations or 
hronic instability are at high risk for ulceration and 
hould be referred to a diabetic foot clinic for 

management. These patients may benefit from 
reconstructive surgery if conservative measures in the 
form of custom orthotics and shoes are exhausted. 
Other patients may be more appropriately indicated 
for a simpler procedure such as the excision of 
abnormal weight-bearing bone which may allow for 
the use of appropriate orthotic footwear and decrease 
the occurrence of planter ulcerations. 3• 

15 

Although the use of arthrodesis and realignment 
are the mainstay reconstruction options for a Charcot 
foot with a persistent ulceration, long-standing 
diabetic patients tend to have several other 
underlying medical problems that may contraindicate 
surgery.6 Neuropathy, poor vascular and nutritional 
tatus, and poor bone quality may contribute to 
urgical complications and delay healing from 

arthrodesis. 

A concept termed superconstruct which focuses 
on fixation stability by achieving fixation proximally 
and distally to the degenerative bone into non 
fragmented bone has recently evolved. Four factors 
defme a superconstruct: extended fusion beyond the 
zone of injury into non affected joints, resection of 
bone executed to shorten the extremity without any 
soft tissue pressure, utilization of the appropriate 
device that can provide strength and be tolerated by 
the soft tissue envelope, application of the devices 
into a position that supports proper mechanical 
function. Orthopaedic implants provide greater 
strength to achieve arthrodesis and are often utilized. 
Larger fixation devices including external fixation, 
plantar plating, locked plating, and axial screw 
fixation and intramedullary nails are among these 
new superconstructs replacing traditional small 
diameter screws and pins. 6

• 
19 

It is important to note that Charcot patients have a 
higher risk of delayed bone and soft tissue healing 
and infection. 6 Surgery can also trigger acute 
Charcot in the contra lateral foot. 15 Thus, the 
treatment of a secondary plantar ulceration as a result 
of Charcot neuroarthropathy is determined based on a 
case to case basis. 6 

CASE PRESENTATION 
A 65 year old female with a history of hypertension, 
Diabetes Mellitus Type II and bilateral peripheral 
neuropathy presented to a private office podiatry 
clinic for evaluation of two neuropathic ulcerations 
and discussion of surgical options for collapse of her 
left foot. She was non-ambulatory and had been using 
a cane to help her ambulate until a week ago when 
she began using a wheel chair. She wore a diabetic 
shoe on her right foot and a CROW on her left foot. 
She was accompanied by her sister. The patient was 
receiving weekly treatment for her ulcerations. She 
stated she had a previous chronic ulcer on her right 
foot, which was treated one year ago in this podiatry 
clinic with the use of a CROW and healed fully, but 
it had now returned. She denied any recent fever, 
chills, nausea or vomiting. 

The patient stated her right foot began to collapse 
nine years ago following knee surgery on the left leg. 
Subsequently, she noticed her left foot began to 
collapse nine months prior to this visit. It was at that 
time, that she was diagnosed with bilateral Charcot 
neuroarthropathy. The ulcer on left foot began one 
month ago and she was currently on a course of 
Cephalexin for empirical treatment of that ulcer. The 
patient was also receiving regular accommodative 
adjustments to her footwear at a local hospital. 
The most recent adjustments were two days ago and 
were made to both her right diabetic shoe and her left 
CROW. She stated that she checks her blood sugar 
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four times a day and keeps records for her internist, 
but did not provide these documents. In addition to 
having a history of Diabetes Mellitus Type II with 
bilateral peripheral neuropathy and bilateral Charcot 
neuroarthropathy, the patient was being treated for 
hypertension, angina, hyperlipidemia, 
hypothyroidism, osteoarthritis, depression and 
cancer. Medications were taken for the above 
conditions and she was currently undergoing 
radiation therapy for two primary tumors. She was 
diagnosed with in situ breast cancer almost a year 
ago. 

She stated that she lived alone and denied 
nicotine or alcohol use. She stated she had an allergy 
to sulfa drugs, which caused a rash. She denied any 
recent hospitalizations. Past operations included open 
reduction internal fixation of the left first cuneiform 
and left first tarsometatarsal joint six months ago, left 
total knee replacement nine years ago, lower back 
surgery twenty three years ago, and hysterectomy 
thirty eight years ago. 

Physical exam revealed a pleasant, well nourished 
woman in no apparent distress. Dorsalis pedis and 
posterior tibial pulses were bounding bilaterally. Loss 
of protective sensation was observed distal to the 
knee using a 10 g monofilament bilaterally. The left 
foot was warm to touch compared to the right foot. 
Inadequate dorsiflexion of the ankle with knee 
extension was documented bilaterally. Bilateral 
anterior - posterior (AP) and lateral radiographs were 
taken (FIGURE 2 and FIGURE 3). 

The patients left foot (IMAGE 1 and 2) showed 
significant medial column collapse with a rocker 
bottom appearance. A full thickness neuropathic 
ulceration measuring 2.5 mm by 2.2 mm by 2 mm 
was noted on her mid-plantar foot at the anatomical 
level of the calcaneo-cuboid joint. Erythema was 
present 2.0 mm distally and 3.5 mm medially. A 
hyperkeratotic rim, red granulation base and distal 
undermining were also present. No edema, odor or 
drainage was observed. Radiographic evaluation 
(FIGURE 2) revealed complete fracture at Chopart' s 
joint and Lisfranc's dislocation with partial 
incongruity of the left foot. The head of the talus was 
orientated in the vertical direction. Lateral deviation 
of the second to fifth metatarsal bases with complete 
dislocation of the metatarsal-cuboid and metatarsal
cuneiform joint was noted. A plantar deviated cuboid 
was present with dislocation at the calcaneo-cuboid 
joint. Location of the ulceration was visible by 
increase soft tissue density on plain film x-ray and 
was consistent with the calcaneo-cuboid joint. No 
evidence of gas was present. This foot was classified 
as Eichenholtz Stage II and Sanders Stages II and III. 
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IMAGE! IMAGE2 
IMAGE 1: Lateral photograph of the patients left foot, 
nine months after collapse. 
IMAGE 2: Plantar photograph of the patient' s left foot, 
nine months after collapse. 

FIGURE2: 
AP and Lateral 
radiographs of 
patient's left foot, 
nine months after 
collapse. 



patient's right foot (IMAGE 3 and 4) showed 
·a1 column collapse with a medial midfoot 

minence. Her hallux overlapped her second digit. 
ux abductovalgus and hallux extensus were 

ented. A full thickness neuropathic ulceration 
ing to subcutaneous tissue and measuring 1.0 
by 0.5 mm by 0.2 mm under the first metatarsal 
noted. A hyperkeratotic rim and red granulation 
were present. No edema, erythema, odor or 

· age was observed. Radiographic evaluation of 
right foot (FIGURE 3) revealed midfoot collapse 

th first metatarsal lateral dislocation, talo-navicular 
Chopart's collapse. No change in deformity when 
mpared to radiographs of the right foot taken one 

_ear earlier. This foot classifies was classified as 
E1chenholtz Stage III and Sanders Stage III. 

FIGURE 3 : AP and Lateral radiographs of patient's right 
foo t, nine years after collapse. 

IMAGE3 
IMAGE 3: Anterior-medial photograph of the patient' s 
right foot , nine years after collapse. 

IMAGE4 
IMAGE 4: Medial photograph of the patient 's right foot, 
nine years after collapse. 
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The right ulceration was debrided and dressed with 
antibiotic ointment, gauze, cling and coban. The left 
ulceration was debrided and dressed with Acticot 
Flex. Extensive discussion with the patient and her 
sister indicated the need for regular treatment and 
follow-up for current ulcerations and accommodative 
adjustments and critical surgical consultation. She 
was provided at home instructions and was referred 
to a charcot reconstruction clinic for further 
evaluation. She is receiving aggressive wound 
therapy including the use of Dermagraft at the 
specialty clinic. Due to her list of co-morbidities, she 
is not a good candidate for elective surgical 
intervention and surgical options are limited. She is 
currently scheduled to undergo a left midfoot 
ostectomy and percutaneous Achilles tendon 
lengthening. A bone biopsy will be performed on the 
excised bone at that time. 

CONCLUSION 
Charcot neuroarthropathy is a chronic debilitating 
condition that significantly impacts a patient's quality 
of life. It is often misdiagnosed and improperly 
treated. Patients who present with this deformity are 
likely to have several co-morbidities that must be 
considered in each step of treatment. Inter
disciplinary approaches to treatment are vital to 
ensure the best standard of care for these patients. 
Physical, mental and emotional health must be 
addressed. Early diagnosis and treatment are key to 
preventing joint destruction. Thus monitoring 
patients with unilateral charcot and delivering proper 
education and preventative modalities may help to 
prevent onset of bilateral charcot or slow progression. 
Increased physician knowledge and communication 
about the Charcot neuroarthropathy may help with 
early detection and provide better outcomes for the 
patient. 
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Review of Partial Calcanectomy: A Limb 
alvage Procedure for Pressure Heel Ulcers 
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heel is a common area to ulcerate, accounting for 
% of all pressure ulcers. 1 Pressure ulcers have 

overall prognosis and may contribute to 
mature mortality in certain patients? This 
· ularly applies to the diabetic patient. More 
ific, diabetics with heel ulcerations are at an 
ased risk for below-the-knee amputations3

. 

though the incidence rate of diabetic heel ulcers 
ulting in below-the-knee amputations is unknown, 

ies have shown diabetics have a 25% lifetime 
· of developing a foot ulcer: diabetic ulcers that do 
heal precede 85% of all non-traumatic 
utations.4.5 Furthermore, diabetics have a 70% 1-

ar survival rate and 30% 5-year survival rate after a 
ljor amputation.6

• 
7 Therefore, it is important to 

dress techniques that provide diabetic limb savage. 
The partial calcanectomy has been shown to be a 

iable alternative to a below-the-knee amputation 
BKA). It is indicated for calcaneal osteomyelitis 

d/or large chronic heel ulcerations, in which 
urable soft tissue coverage cannot be obtained over 

the calcaneus. 1 This limb salvage procedure can 
1rovide a more functional limb with decreased 

mortality and morbidity than with the more proximal 
BKA. Additionally, this does not change the level of 
amputation when a BKA is the only other treatment 
option. 1 This paper will review the pathogenesis of 
pressure heel ulcers and examine the partial 
alcanectomy as a surgical treatment option. 

ANTATOMY AND PATHOGENESIS 
The uniqueness in structure, location, and function of 
the heel increases its susceptibility to ulceration. The 
calcaneus is the largest tarsal bone. It is subjected to 
various forms of pressure as it transmits body weight 
and acts as a lever arm during gait. 8 The bulk of the 
heel is composed of cancellous bone within a thin 
cortical shell that is supplied by a rich arterial 
network with bidirectional pedal venous flow. 8

• 
9 The 

plantar heel pad is an important shock absorber 

during weight bearing and locomotion. It is 
comprised of the subcutis and skin layers, 
averaging18mm thick and a mean skin thickness of 
0.64mm respectively. 10 The subcutis contains fibrous 
septa which forms large sealed compartments that 
retain and prevent the outflow of fat when subjected 
to pressure. The low viscosity of the retained fat 
helps dissipate energy, thus reinforcing shock 
absorption. Injury to the heel can lead to rupture of 
the fat-retaining compartments, allowing fat to flow 
out upon compression, and thereby decreasing shock 
absorbency. 10 This decrease in the subcutis 
layer increases the risk of skin breakdown against a 
bony prominence. 

The posterior aspect of the heel comprises of a 
thin fat layer, with the skin layer tightly bound to the 
deep fascia and achilles tendon fibers. Unlike the 
plantar heel, there are no fat-filled fascial interstices 
to absorb compressive forces. The skin is also poorly 
supplied by small branches from the calcaneal and 
peroneal arteries, which can be easily occluded with 
prolonged pressure. 11 

The viability of the skin layer is determined by 
tissue perfusion, which is a function of oxygen 
delivery, tissue oxygen transport, and oxygen 
consumption of cells. 10 Pressure ulcers result from 
localized tissue necrosis due to inadequate tissue 
perfusion.9 Heel ulcers particularly occur when the 
external pressure or shearing force exceeds capillary 
closing pressure. 1

•
9 When this pressure is released, 

vessels dilate and increase flow beyond baseline, 
which is known as reactive hyperemia.9 It has been 
proposed that damaged tissue from the pressure 
induced ischemia can cause reperfusion injury. 12 This 
can occur as blood returns to the tissue and 
leukocytes accumulate and damage small capillaries, 
thus aggravating ischemia and the local inflammatory 
response. In addition, under ischemic conditions, the 
damaged tissue produces free radicals which are 
released when blood flow is restored, causing 
subsequent cellular death. The skin layer also has 
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greater tissue stiffness than the fat pad, causing 
intensified peak plantar pressures, which predisposes 
tissue breakdown.12 These findings suggest that even 
if sufficient arterial flow is present, localized 
ischemia can occur from prolonged pressure 
occluding capillary perfusion. 

Other independent or co-existing factors that can 
affect tissue breakdown include neuropathy, trauma, 
hyperhydrosis, immobility, contracted muscles, age, 
nutrition, chronic illness, or prolonged surgical 
procedures. 1' 

9 

DISCUSSION 
Surgical Intervention 
The risks of morbidity and mortality significantly 
increase as the amputation level becomes more 
proximal. 7 When amputation is indicated, the primary 
goal is to achieve the most functional limb by 
surgical reconstruction and limb preservation. 1 

Therefore, when possible the more distal 
calcanectomy should be performed before the more 
defmitive, below the knee amputation. 

Literature on the partial calcanectomy for 
osteomyelitis was first published by Gaenslen in 
1931; his technique involved splitting the calcaneus 
into medial and lateral halves and debriding the 
infected cancellous bone. Of the eleven patients 
treated, only one had a recurrent infection. 13 Since 
then, others including Wilste et al. (1959) 14

, Martini 
et al. (1974)15 and Smith et al. (1992) 16 have also 
reported successful outcomes. In the more recent 
study, Smith et al. performed partial calcanectomies 
on twelve patients with recalcitrant heel ulcers, ten of 
which healed post-operatively. Appreciatively, nine 
of these ten maintained their pre-operative level of 
mobility with ankle foot orthoses, the remaining was 
quadriplegic pre-operatively.16 In 2005, Randall et 
al. 1 reported similar results in a retrospective review 
of eight cases between 1997 and 2002. 
Indications and considerations 
Operative treatment utilizing a partial calcanectomy 
is generally indicated for calcaneal osteomyelitis or 
chronic heel ulceration. 1

' 
17

' 
18 This procedure has also 

been reportedly used to treat calcaneal deformity 
after a severely comminuted fracture and calcaneal 
malignancies. 17

' 
19

' 
20 The primary goal of the partial 

calcanectomy is to remove all necrotic and infected 
tissue and close primarily .18 This is a localized 
procedure and should not be used if the gangrene or 
infection extends beyond the calcaneallocation. 13 

And like amputations , this procedure should only be 
performed if the patient is adequately perfused at the 
level at which the operation is to be performed.17 

Other parameters that affect wound healing should be 
considered. In 2002, Smith et al. 16 reported successful 
outcomes in 10 of 12 patients in which the pre-
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operative criteria included the following: Doppler 
ankle brachial artery index of more than 0.45 , TcP02 
greater than 28 mm Hg, serum albumin greater than 
3.0 g/dL. Additionally, a retrospective study by 
Cook et al.6 in 2007 evaluated 50 feet in 46 patients 
treated with a partial calcanectomy between 2000 and 
2004. When compared to the counterparts, post 
operative wound closure time was predictably longer 
in those with an albumin of less than three g/dL, 
those infected with MRSA, and those with greater 
tissue loss, as in a grade 3 Wagner ulcer. The authors 
did recognize that although nutritional status delayed 
wound closure time, the healing rate was similar, and 
therefore, advised that one should not delay a limb 
salvage procedure in order to improve preoperative 
albumin levels. The study also found that patients 
without a history of vascular compromise were nearly 
three times less likely to develop dehiscence after 
primary wound closure. These fmdings should be 
considered when discussing the post-operative course 
with the patient. Non-weightbearing immobilization 
and patient compliance also needs to be emphasized 
in order to optimize healing time. 6 

Surgical Procedure 
Preoperative antibiotic coverage is utilized for the 
chronic ulceration or cases of known osteomyelitis; 
the antibiotics should be targeted at the specific 
pathogen. General, spinal, or local anesthesia may be 
used, and selection is based on patients overall 
health. Depending on the ulceration site, the patient is 
placed in prone or a lateral decubitus position. 
Multiple incisions have been described in the 
literature, all of which are designed to excise the 
ulcer, allow excision of the calcaneus, and provide 
full-thickness skin coverage. 17 Gaenslen's split-heel 
incisional approach (Figure 1) remains the 
cornerstone ofthe partial calcanectomy.5 Others 
include a median longitudinal incision dividing the 
Achilles tendon, an incision beginning proximal to 
the insertion of the Achilles tendon and progressing 
distally to the calcaneocuboid joint, a horseshoe
shaped incision, a transverse incision superior to the 
calcaneus, or a modified semiellipticallongitudinal 
,incision to remove a plantar ulcer. 17

' 
20 The selected 

incision should best fit the size and shape of the 
ulcer. Generally, a large ulceration or draining heel 
abscess requires two converging semi-elliptical 
incisions to resect the ulcerative area.20 Armstrong et 
al.5 recently introduced a "hurricane" incision to 
excise ulcers that are primarily plantar. This is a 
serpentine plantar-based incision that avoids 
excessive surgical exposure to the calcaneus and 
posterior leg. 

The achilles tendon is then detached, and the 
necrotic and devitalized tendon debrided. 17 Since 



ted tissue is involved, the Achilles tendon may 
be reattached in order to avoid introduction of 
ign bodies into the wound. 18 In ambulatory 
ents, it has been advocated to retain function by 

rroximating the tendon to the plantar soft tissues. 
rs will allow the sacrificed Achilles tendon, 
tar fascia, and intrinsic muscles to contract and 

e in place post operatively.20 

Osseous resection is achieved with a bone saw or 
otome. The cut is angled from the posterior 
:ct of the subtalar joint to the plantar aspect of the 
aneocuboid joint, and oriented from dorsal 

ximal to plantar distal (Figure 2) .17
' 

19 The amount 
bone excised depends on the extent of the infection 
necrosis , and should allow approximation of the 
~acent tissue margins. 16 Care should be taken to 
serve the subtalar and calcaneocuboid joints, and 
plantar prominence should remain. 18

• 
20 The 

ised bone is sent for microscopic and pathologic 
aluation. The wound is flushed with saline using 

atile lavage. Penrose drains are also used for 
toperative drainage and wound is closed in a 

.ingle layer of 2-0 nylon retention sutures. When 
ger ulcerations prevent complete closure, the 

ound is to be left open or more bone needs to be 
resected. 17 

·;,.. 
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FIGURE 1: Gaenslen's split-heel incisional approach. 
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FIGURE 2: Osseous resection angled from the posterior 
aspect of the subtalar joint to the plantar aspect of the 
calcaneocuboid joint, and oriented from dorsal proximal to 
plantar distal. 

Post-operative management 
The postoperative management often includes 
immediate soft dressings protected by a cast or splint 
with the ankle positioned in 30 degrees of equinus in 
order to decrease tension on the wound. 1

• 
16 The heel 

is off loaded while in bed and the patient is directed 
to remain nonweightbearing for 6-8 weeks until the 
fat pad and soft tissues adhere to the calcaneus. 1

• 
16 It 

is then recommended to stabilize the foot with an 
ankle-foot orthosis (AFO), incorporating 
precautionary measures to minimize risk of re
ulceration, such as a soft inner lining and outer foam 
heel. An AFO can also prevent an avulsion fracture 
by reducing the pull of the Achilles tendon on the 
remaining portion of the calcaneus. 18 

CONCLUSION 
The partial calcanectomy offers a cosmetic and 
functional limb that can be a reliable salvage 
procedure if the patient meets preoperative criteria 
for healing and is capable of compliance with the 
appropriate postoperative management. Emphasis 
should be placed on vascular status as the best 
predictor for healing. And it is important to note that 
even if the procedure fails, it does not affect the level 
of amputation when a below-the-knee amputation is 
the only other treatment option for a recalcitrant 
pressure heel ulcer with no diffuse complications. 
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Rheumatoid Arthritis and the 
Foot and Ankle 
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~RODUCTION 
The prevalence of rheumatoid arthritis (RA) is 

nsistent in all ethnicities and cultures varying from 
.5 to 2% worldwide. It is estimated that 1.5 million 

people in the United States have rheumatoid arthritis 
roughly 1% of the population11 •21 Women are two 

times more likely than men to develop RA131• Women 
bo smoke are twice as likely to develop RA than 
omen who do not141 . 

Rheumatoid arthritis is a chronic inflammatory 
· order involving primarily the peripheral joints. It 
_.-pically presents with bilateral symmetrical warmth, 
welling, and pain in the diarthrodial joints of the 

bands or feet but can also be monoarticular or even 
begin in larger joints such as the knees or shoulders. 
The onset is usually gradual but can be intermittent 
and migratory. Its course is progressive, and may 
affect all synovial joints. 

Morning stiffness longer than one hour is 
o mmon. Extra-articular manifestations of RA 

include: myalgias, fatigue, weight loss, low grade 
fever, anemia, scleritis, pleuropericarditis, 
neuropathy, vasculitis, splenomegaly and renal 
disease. As the condition progresses the joints 
become contracted and subluxed. An easily 
identifiable extra-articular manifestation is the 
presence of rheumatoid nodules which are non
tender, freely movable, subcutaneous masses made 
up of fibrotic collagen with central areas of fibrinoid 
necrosis15•61• Although normally non-painful they can 
grow in and around anatomical structures, such as 
tendons, nerves, and joint capsules causing pain. 
They may ulcerate offering a portal of entry for 
infection. 

Painful sequelae of RA in the feet are dorsal 
ubluxation of the toes with secondary prominent 

metatarsal heads and associated plantar callosities. 
(See Figure. l)Once RA is clinically suspected 

further diagnostic testing is indicated. These tests 
include radiographic and laboratory analysis. In the 
plain film x-ray, the chief radiographic sign is 
marginal erosions of cartilage and bone within the 
joint affected. While useful in the confirmation of 
RA, alone, it is not diagnostic. 

Figure 1 t. Dorsal subluxation of the metatarsal 
phalangeal joints results in prominent plantar 
metatarsal heads and subsequent painful callus 
formation 

Other plain film findings include: osteopenia, 
symmetric joint space narrowing, subchondral cysts, 
joint subluxation/dislocation, and ankylosis[7) . (See 
Figure 2) It is important to note that by the time 
these changes are visible on plain films the disease is 
long standing, since radiographic changes are only 
visible in 15 to 30 percent of cases after 1 year. 181• 

Modem day conventional pharmacology allows 
patients to delay or altogether forgo the long term 
sequelae of chronic untreated disease. Therefore, 
early detection is essential in preventing joint 
destruction. MRI and ultrasound have greater 
sensitivity and specificity in diagnosing early RA 
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than plain films by giving the physician the ability to 
observe primary changes within the synovium and 
cartilage before they become destructive[?]. 

Serum markers may be useful. Erythrocyte 
sedimentation rate (ESR) and C-reactive protein 
(CRP) are non-specific markers of inflammation and 
have little diagnostic value, although they may have 
value in monitoring the effectiveness of treatment. 
Two other important markers are rheumatoid factor 
(RF) and anti-cyclic citrullinated peptide (anti-CCP). 
RF is an antibody specific for the Fe portion of an 
IgG antibody has been the standard for years in 
confirming the diagnosis of RA. RF is not perfect 
and in fact is relatively nonspecific, as it may also be 
present in both healthy aged individuals and patients 
with other autoimmune disorders[91 . In 2007 a meta 
analysis, the diagnostic value of rheumatoid factor 
was found to be onlr 69% sensitive and 85% specific 
in identifying RA[10

. The second serological marker, 
anti-CCP, is more recently identified and adopted in 
the effort of researchers to find a marker specific only 
for Rheumatoid arthritis. Unlike RF, anti-CCP is not 
commonly found in other conditions. It is less 
sensitive (67%) but much more specific (95 %)[101. 

Although anti-CCP is very specific, a negative test 
does not rule out RA. There are patients, with 
confirmed cases of RA, which are consistently 
negative for RF or anti-CCP. 

Figure 2•. Marginal erosions, periarticular 
osteopenia, fibular deviation and symmetrical joint 
space narrowing are signs of RA 

The diagnosis of rheumatoid arthritis is neither a 
purely radiographic, nor serological diagnosis, and 
certainly not just a clinic diagnosis. Therefore the 
diagnosis of rheumatoid arthritis is a combined 
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diagnosis , requiring the aggregation of clinical, 
radiographic, and laboratory data. 

Despite the extensive research that has been 
accomplished recently on RA, its cause is still 
relatively unknown. Rheumatoid arthritis is a 
'complex' genetic disease involving multiple genes 
and environmental factors[ 111 • The most well 
accepted and current theories on the genetic 
pathogenesis of RA are focused primarily on the role 
of activated MHC class II dependant T and B cells as 
mediators of the disease. 

It is believed that irritants such as cigarette smoke 
or silica enter the lungs and are phagocytized by 
macrophages which undergo apoptosis. This leads to 
modifications of proteins that bind and perpetuate 
specific T and B cell lines which result in the 
formation of anti-CCP antibody and activated T cells 
responsible for the release of inflammatory mediators 
IL-l and TNF-a [ll -t 41 . These inflammatory mediators 
are the key target for pharmacological therapy. 
Three primary changes occur due to the effects of 
rheumatoid arthritis: thickening of the synovial cell 
lining, multiplication of inflammatory cells within in 
the subintimal layer, and deposition of fibrin on 
synovial surfaces. The summation of these changes 
which results in adherence of the thickened synovium 
to the joint surface and subsequent destruction is 
known as the pannus[151

. 

The ability of the pannus to destroy bone is 
brought on by the presence of the multinucleate giant 
cells which make contact with bone and form lacunae 
which are seen on the plain film radiograph as 
marginal erosions[161

• 

Pharmacotherapy 
There are four categories of drugs used in the 
management of RA: analgesics, nonsteroidal anti
inflammatory drugs (NSAIDs), glucocorticoids, and 
disease modifying anti-rheumatic drugs (DMARDs). 
Analgesics include opioids such as oxycodone, 
hydrocodone, and codeine and non-opioid analgesics 
such as acetaminophen and aspirin are a few 
examples. NSAIDs are a group of pain relief drugs 
inhibits the enzyme cyclooxygenase (COX) and 
prevents formation of prostaglandins, important 
inflammatory mediators. NSAIDs are effective pain 
relievers although they are notorious for causing GI 
upset, even ulceration. Glucocorticoids inhibit 
arachidonic acid formation through inhibition of 
Phospholipase A2 thereby inhibiting both 
prostaglandin and leukotriene synthesis; both are 
important inflammatory mediators. Glucocorticoids, 
such as dexamethasone, prednisolone, 
hydrocortisone, etc, can be given either intra 
articularly or systemically. They are powerful 
adjuncts to other anti-rheumatic therapies but are not 
typically used long term in this situation. There is 



· 'ence that low dose prednisone (7.5 mg/day) may 
effective in stopping osseous decay as observed in 

film radiographs[ 181
• If a patient is started on 

.g term steroids, inhibition of the adrenal-pituitary 
· will occur. When finished with treatment, 
·ents should be tapered off slowly in order to 
vent adrenal crisis[l9l. Disease Modifying Anti-
umatic Drugs (DMARDS), are the standard of 
for the treatment of inflammatory arthropathies. 

re is compelling evidence that early aggressive 
py with DMARDs can slow or stofc the osseous 
ges seen in plain film radiographs[ 0

•
211

. 

Eumples of DMARDs are methotrexate, etanercept, 
· · mab, and rituximab. [221 The prescribing of 

D~1ARDs is typically beyond the scope of the 
iatric physician. 

Treatment of the Foot and Ankle with 
Rheumatoid Arthritis 

the article Rheumatoid Foot, Vainio reports up to 
1 '7o prevalence of RA associated foot and ankle 

blems[231
• Another study reports 30% of patients 

er 3 years of being diagnosed with RA were forced 
quit their jobs due to disability[241

. Pain and 
formity can afflict any joint of the foot or ankle. 

Hallux valgus , metatarsophalangeal joint subluxation, 
hammertoe deformity, prominent plantar metatarsal 

ads, midtarsal exostosis, and ankle joint ankylosis 
are potential RA deformities that may present in 

ffice. 
Conservative measures are attempted prior to 

rgical intervention. This axiom is particularly true 
when it comes to dealing with the long term effects 
of rheumatoid arthritis of the foot and ankle. While 
ulceration and infection are possible outcomes, 
secondary to RA, patients presenting to the foot and 
ankle specialist rarely have limb or life threatening 
problems attributable directly the RA itself. 
Therefore, it is wise to exhaust conservative 
measures prior to surgical intervention. Conservative 
measures include padding, strapping, shoe 
modification, custom and over the counter functional 
and accommodative orthotic devices, joint protection 
programs, exercise, as well as diet changes and 
acupuncture [251

• (See Figure 3) Other modalities 
include the use of ultrasound, thermotherapy, and 
electrotherapy[26.281• 

The conservative modality of choice for many 
podiatrists in treating of the RA associated 
musculoskeletal deformities has been the use of 
custom orthotic devices. There is controversy in the 
literature regarding their effectiveness and whether a 
oft accommodative or a rigid functional device will 

offer the greatest relief to the patient. The two largest 
blinded randomized studies, on the subject arrived at 
completely opposite conclusions. Woodburn et al. 
reported a significant improvement in terms of pain 

and disability. On the other hand, Conrad et al 
determined that there was no significant difference 
between the custom orthotic group and control group 
in terms of pain and disability, although they did find 
a decrease in the rate of hallux valgus formation. [29

. 
311

. The majority of the smaller studies had evidence 
supporting the use of both functional and 
accommodative orthotics[32

.381• 

Figure 3. The use of functional and accommodative 
orthotic devices for the treatment of RA is 
controversial, although most literature is positive for 
their use. 

Surgical Treatment 
Surgical treatment of painful arthritic joints and 
associated deformities can be broken 
into 5 major categories: digital, forefoot, midfoot, 
hindfoot, and ankle procedures. These procedures 
include, joint destructive, joint sparing, and soft 
tissue repair. 

Digital procedures consist of, arthroplasty with 
either base or head resections, arthroplasty with 
implant, arthrodesis, tenotomies, capsulotomy, and 
tendon transfer. Any of these are suitable treatment 
options in rheumatoid arthritis with the exception of 
the use of silicone implants, which is known to cause 
synovitis and cortical breaks in the osteopenic bone 
of the rheumatoid foot[391

. 

Forefoot surgery is defined from the digits to 
Lisfranc's joint. Joint destructive procedures include 
pan metatarsal head resection, the Clayton procedure 
(resection of metatarsal heads and corresponding 
phalangeal bases) , and arthrodesis of MTPJs (See 
Figure 4). Joint sparing procedures include 
capsulotomy, tendon balancing, Hibbs 
tenosuspension, and Weil osteotomy of the lesser 
metatarsal heads. Since Hoffmann' s original 
description in 1912, the pan metatarsal head resection 
has become the standard of care in severe rheumatoid 
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forefoot deformity. Results are fairly consistent with 
patient satisfaction ranging from 66-97%140·41 1. 
Controversy arises in the decision of whether or not 
to simultaneously fuse the 1st MTPJ. In a small 
(n=31) prospective study Grondal and colleagues 
concluded that although patients in the resection 
group had higher incidence of hallux valgus 
recurrence, fat pad displacement, and return of 
callosities they were overall more satisfied than the 
arthrodesis group (96% v 92%i421 . On the other 
hand, in a retrospective study of 138 feet comparing 
metatarsal head resection with or without arthrodesis, 
Mulcahy et al. concluded that arthrodesis resulted in 
"a more cosmetic forefoot, more even distribution of 
forefoot pressures, and more satisfied patients. "1431 

Recent research has focused on joint sparing 
procedures as an alternative to joint destructive 
procedures for the rheumatoid forefoot. Preliminary 
findings reveal similar results in terms of pain relief 
but with potential for i~roved gait function and 
ability to wear shoes139· . Barouk and Barouk used a 
combination of SCARF osteotomy for correction of 
the increased intermetatarsal angle and Weil 
osteotomies for shortening of the lesser metatarsals. 
They noted 85% satisfactory correction of deformity 
with disappearance of signs of joint destruction, such 
as subchondral cysts, on follow up radiographic 
evaluation. They even noted an unexplained 
cessation of disease progression within the treated 
joints and concluded that joint preservation surgery 
of the forefoot was an acceptable alternative to joint 
destructive procedures in the rheumatoid foot1451 . 

Midfoot and Rearfoot procedures are typically 
limited to arthrodesis. Ankle procedures include 
synovectomy, ankle arthrodesis (AA), and total ankle 
replacement (TAR). Akagi et al reported on 20 ankle 
arthroscopic synovectomies. They observed 
excellent results with only 2 episodes of recurrent 
synovitis with an average of 15 years of follow up1461 . 
As for AA versus TAR, Saltzman et al reported on 
4705 AA procedures and 480 STAR total ankles. The 
5 year rate of revision for AA was 11%, forT AR it 
was 23%. A 2-year follow up with TAR patients 
reports better function and pain relief over AA1471. 

Conclusion 
Rheumatoid Arthritis is a complex disease affecting 
many body systems with a strong predilection for 
joints in the foot. The advent of disease modifying 
anti-rheumatic drugs changes the entire prospect of 
someone diagnosed with this condition. Prior to the 
development of DMARDs, joint disfigurement and 
chronic pain were all but guaranteed but now may be 
a thing of the past. Timely diagnosis involves 
obtaining anti-CCP antibodies tests and MRI studies 
to appreciate marrow edema and synovial 
inflammation. If the disease is not treated 
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Figure 4t. The Clayton procedure consists of 
resection of both metatarsal heads and 
corresponding bases and temporary pinning 
with K-wires 

appropriately it may lead to permanent joint damage 
and disfigurement. The podiatric physician can use a 
myriad of conservative and surgical treatments to 
relieve pain and possibly restore function. Joint 
destructive procedures have been the standard of care 
for many years but recent evidence points to the 
potential for joint sparing operations to offer similar 
if not improved results. 
t Picture used with permission by William Jenkins DPM, 
professor California School of Podiatric Medicine. 
* Picture used with permission by Eric Stamps DPM, 
professor California School of Podiatric Medicine. 
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NATIONAL FOOT & ANKLE REVIEW 

CASE PRESENTATION 

Unusual Longitudinal Fracture of the 
Proximal Phalanx of the Fifth Digit: 

A Case Presentation 
Keith Grimes, B.A. and Andrew Camarena, B.S. 

INTRODUCTION 
In the evaluation of digital fractures, one important 
aspect to consider is the shoe gear that the patient 
was wearing at the time of their injury. Knowledge of 
shoe gear anatomy provides the clinician with 
information about the patient's presence or absence 
of protective mechanisms, as well as insight with 
regards to the patient's mechanism of injury. 

One simple shoe gear example is a standard 
running shoe, which can be broken down into an 
upper and a lower half. The upper half components 
providing digital protection include the toe box, toe 
cap, and vamp. The toe box is the front part of the 
upper shoe, which houses the digits and prevents 
abductory and adductory forces from acting on 
individual digits. The toecap is added to the front of 
the toe box and helps assists in protecting the digits 
from linear forces. Lastly, the vamp is the layer of 
material that covers the dorsal aspect of the toes, 
preventing excessive dorsiflexion of the digits.3 The 
lower half components include the insole, rnidsole, 
and outsole. The insole is the material between the 
foot and the bottom of the shoe. The rnidsole is 
located between the insole and outsole, and provides 
the majority of shock absorption and foot motion 
control. Lastly, the outsole is the bottom layer of the 
shoe that makes contact with the ground. Variations 
in the material used for the outsole have a profound 
effect on the shoe's stability, shock absorption, and 
flexibility. 3 

In recent years, "novelty" shoe gear has emerged, 
which simulates being barefooted. These shoes 
contain individual sleeves for each toe, as well as a 
reduction in the rigidity of the lower portion of the 
shoe. With the removal of traditional protective 
mechanisms, the foot may become more vulnerable 
to barefoot-type injuries. 

Fractures of the phalanges are frequently 
diagnosed, and represent the most common fracture 
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occurring in the forefoot. 1
' 

2
' 

5 The frequency of 
phalangeal fractures varies amongst the digits, with 
injury to the 2nd -4th digits occurring less frequently. 
This is the result of the central three digits being 
buttressed between the hallux and fifth digit, which 
serves as a protective mechanism. 2 The individual 
phalanx that is fractured also varies, depending on the 
mechanism of injury. The distal and middle 
phalanges are most frequently fractured as a result of 
a crushing injury, whereas an abrupt abductory force 
is the most common mechanism of fracture to the 
proximal phalanx. 1' 

2
' 
5 

Fractures of the distal phalanx commonly occur 
as a result of a heavy object being dropped on one of 
the digits. The hallmark of distal phalanx fractures is 
a subungual hematoma, which may require drainage 
by means of small drill holes on the dorsal aspect of 
the nail plate. 1 Additionally, literature suggests that 
maintaining the nail plate plays a crucial role in 
providing the fractured phalanx with a dorsal splint. 1 

The most common fracture of the lesser digits is 
often referred to as a "nightwalker" fracture. This 
injury occurs in the proximal phalanx of the fifth 
digit and is the result of an abductory force, often 
caused by "stubbing" a digit while ambulating in the 
dark. 1

' 
2 

In a pediatric case report by N. Daly, this injury is 
presented on plain radiograph as a Salter-Harris II 
injury. The Salter-Harris classification system was 
devised in 1963 and takes into account the 
mechanism of injury, the location of the fracture line 
in relation to the layers of the physis, and potential 
growth disturbances as a result of the fracture. 4 A 
Salter-Harris type I fracture is defmed as a fracture 
through the zone of hypertrophic cells of the physis , 
but with no fracture through the surrounding bone.4 A 
Salter-Harris type II fracture is similar to type I, but 
includes a metaphyseal fragment on the 
compressional side of the fracture. No growth 



rbance is indicated in type I or type II fractures. 4 

In this case, the fracture occurred on the lateral aspect 
f the base of the proximal phalanx. 2 

Based on the mechanism of injury presented by 
. ;. Daly, we would expect a "nightwalker" fracture in 

adult foot to occur in a similar location. When the 
distal aspect of a digit is abducted, the application of 
·orce occurs at the point where the lever arm is the 
ngest. In this instance, the force would be applied 

o the lateral aspect of the base of the proximal 
phalanx, resulting in a transverse fracture at the point 
of application. 

Current criteria for the treatment of stable, non
displaced phalangeal fractures consist of splinting 
and a rigid sole shoe to prevent motion of the 
involved phalanx. 1

' 
5 The typical splinting technique 

used is buddy taping of the affected digit to an 
adjacent toe, which should be continued until point 
endemess over the fracture site resolves. 1' 

5 Control 
of pain and swelling can be accomplished with 
elevation, icing the digit in 20 minute intervals, and 
the administration of non-steroidal anti-inflammatory 
drugs. 

We present a case that illustrates the unique 
features of a rare phalangeal fracture, which, to our 
knowledge, has not been previously reported. 

CASE PRESENTATION 
A 24-year-old female presented with pain in her right 
fifth digit, four days following a traumatic injury. 
The patient stated that at the time of her injury, she 
was wearing shoe gear with individual digit pockets, 
as opposed to a toe box enclosing all of the digits. 
The patient explained that she slipped while hiking 
and that her right foot became lodged between two 
rocks , which drove her fifth digit away from the rest 
of her foot, prior to bearing the weight of her body. 

Physical examination revealed a pleasant, 
cooperative, and physically fit woman that appeared 
to be in no apparent distress other than her chief 
complaint. The patient's right fifth digit was noted as 
being edematous and erythematous. No digital 
deformity or breaks in the skin were seen. 
Compression of the right fifth digit towards the foot 
elicited a sharp pain on the medial side of the 
patient's proximal phalanx. This gentle loading of an 
axial force distal to the site of injury was used to help 
differentiate between a contusion and a fracture. 5 The 
pain elicited by this maneuver, as well as point 
tenderness over the distal-medial aspect of the 
proximal phalanx were indicative of a fracture. The 
physical examination and patient's history yielded no 
other significant findings. 

In order to confirm or rule-out a fracture, anterior 
posterior (AP) (Figure 1) and medial oblique (MO) 
(Figure 2) radiographs were taken. These x-rays 

revealed a longitudinal fracture through the diaphysis 
of the medial aspect of the proximal phalanx. The 
fracture was closed, incomplete, non-displaced, and 
in good alignment (Table 1). 

FIGURE 1: Longitudinal Fracture 
AP radiograph showing a longitudinal fracture on the 
medial and distal aspect of the proximal phalanx of the fifth 
digit. 

FIGURE 2: Patient's Right Fifth Digit 
MO radiograph taken four days after the injury 
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Table 1: CHARACTERISTICS OF FRACTURES 
Open Fracture in which bone has 

broken through the skin 

Closed Fracture in which bone has not 
broken through the skin 

Complete Fracture involving the entire 
cross section of bone 

Incomplete Fracture that does not break 
through both cortices 

Transverse Fracture that is perpendicular to 
the long axis of the bone 

Oblique Fracture that runs obliquely to 
the long axis of the bone 

Longitudinal A fracture that parallels the long 
axis of the bone 

Spiral A fracture that resulted from a 
twisting force 

Comminuted A fracture where the bones has 
broken into several pieces 

Alignment Position of the fractured aspects 
of bone to one another 

Displacement A loss of position 

As a result of these fracture characteristics, surgery 
was not indicated at the time of the patient's initial 
visit. Instead, she was treated conservatively by 
splinting her right fifth digit against her right fourth 
digit using 1" Co ban. The patient was educated on 
how to apply the splint, given instructions to wear 
only closed shoes with a stiff sole, and advised to 
avoid activities that placed excessive pressure on the 
digit until follow-up radiographs confirmed healing. 

DISCUSSION 
The aspect of this case that makes it unique is the 
mechanism of injury. We propose that this fracture 
occurred as the result of an abductory force in 
conjunction with blunt trauma to the medial aspect of 
the phalanx. Additionally, we believe that the 
absence of a closed toe box at the time of injury is 
what allowed the fifth digit to abduct from the rest of 
the foot. In the event that the patient was wearing 
closed-toed shoes, the fifth digit would not have been 
able to abduct to the extent that it did, and this 
fracture would not have been likely to occur. 
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We also speculate that the shoe gear the patient 
was wearing helped to prevent a "nightwalker" type 
of fracture. Even though each one of the patient's 
digits was in a separate sleeve, they were still 
connected by the shoe's thin rubber outsole and 
vamp. As a result, abduction of the fifth digit was 
permitted, but the total abductory force was reduced 
from what a barefooted person would have 
experienced. Ultimately, the abductory force was not 
sufficient enough to produce a fracture on the lateral 
aspect of the base of the proximal phalanx, but was 
sufficient enough to allow for a linear force to occur 
on the medial aspect of the phalanx, resulting in a 
fracture. 

It was only by having this rare combination 
of forces that this unique fracture was able to occur. 

CONCLUSION 
We presented the case of a rare phalangeal fracture 
that occurred as the result of an abductory force in 
conjunction with blunt trauma. While this is the first 
report on this type of injury, we hypothesize that with 
the emergence of "novelty" shoe gear will come 
more injuries of this nature, as well as additional 
fractures that have not yet been documented. 
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INTRODUCTION 
Heel pain is a common problem treated by 
podiatrists. However, it is the opinion of many 
podiatric practitioners that heel pain often manifests 
within specific groups, one of which is 
perimenopausal women. Numerous articles have 
been published about both heel pain and issues 
regarding the perimenopausal population, but at 
present time, no articles can be found that look 
specifically at heel pain in perimenopausal women. 
It is the intent of this article to summarize the major 
studies dealing with both heel pain and 
perimenopausal women. These articles will focus on 
the following subcategories of each heel pain and 
perimenopause: plantar fasciitis, depression, 
hormone replacement therapy and bone mineral 
density, and arthritis. 

HEEL PAIN 
The heel is a frequent area of pathology, which can 
be the result of neurologic, arthritic, traumatic, or 
other systemic conditions. In addition, plantar heel 
pain has become one of the most prevalent 
complaints from patients when visiting their foot and 
ankle specialists. The significant symptoms, 
causative factors, and treatment options of heel pain 
are the key points addressed in a number of articles 
published in 2010: "The Diagnosis & Treatment of 
heel pain: a clinical practice guideline 1," "Exercise 
effects in plantar pressure of postmenopausal 
women2

," and "Temporal parameters of the foot roll
over during walking: Influence of obesity and 
sarcopenic obesity on postmenopausal women". 3 

The 2010 clinical practice guideline suggests a 
mechanical etiology for plantar heel pain and 
thoroughly discusses treatment options in a stepwise 
fashion. 1 Furthermore, plantar fasciitis, heel spur 
syndrome, and plantar fasciosis are linked under 
plantar heel pain and share the same 

history of present illness, clinical findings , and 
treatment options. The guideline describes heel pain 
associated with high bogy mass index (BMI), 
pronated feet, and presenting symptoms of pain with 
initial weightbearing after periods of rest. In addition 
to the pain after periods of rest, these patients had 
localized swelling or atrophy of their infracalcaneal 
fat pad, pain upon palpation of their inferior heel, and 
morning pain. 1 The initial treatment options 
suggested by the article included stretching exercises, 
cryotherapy, OTC arch support, padding/strapping, 
corticosteroid injections, limitation of activities, and 
oral inflammatories. If initial treatment failed, the 
next level of therapy included night splints, 
prescription orthotic devices, immobilization through 
the use of a cast or CAM walker, and subsequent 
injections. Surgical options such as a heel spur 
resection and/or a plantar fasciotomy or 
extracorporeal shock wave therapy as an alternative 
to traditional surgical approaches were considered 
when the second level of treatment failed to resolve 
pain symptoms for the patient. The sole cause of heel 
pain cited in the article was biomechanical stress of 
the plantar fascia and its en thesis of the calcaneal 
tuberosity, where mechanical overload due to 
obesity, biomechanical faults, and work habits were 
thought to contribute to symptoms of heel pain. 1 

Although the article carefully discusses various 
treatment options, there is no mention or in depth 
discussion regarding the affected population or 
alternative etiologies of heel pain. 

The Monteiro randomized controlled study of 121 
white, postmenopausal women over a 12-month 
moderate-to-vigorous exercise program looked at the 
effects of exercise in plantar pressure of 
postmenopausal women? Sixty women were placed 
in the exercise group, where they attended training 
sessions of 60 minutes, 3 days per week on 
nonconsecutive days. The remaining 61 women were 
placed in the control group. After 1 year, the results 
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of measuring plantar pressure and weight/basal 
metabolic rate by bioimpedance revealed that the 
exercise group had a lower body mass index, equal 
basal metabolic rate, lower peak pressures, and lower 
absolute impulses compared with the women from 
the control group? The article reports that 
postmenopausal women can decrease their peak 
plantar pressure and impulses through exercising and 
therefore experience less pain and soreness in the 
lower extremity. 

A second Monteiro et al. study further examined 
the relationship of the foot and obesity in 239 
postmenopausal women. 3 Plantar pressure data was 
collected from initial contact, final contact, time to 
peak pressure and the duration of contact at 10 
anatomical sites in these postmenopausal women. 
Body composition was then evaluated by octopolar 
bioimpedance and the results showed that non-obese 
postmenopausal women started with heel contact 
followed by latero-medial contact and then the 
hallux, whereas obese postmenopausal women ended 
in toes 2-5 .3 The results also showed that the 
sarcopenic obese group spent more time in forefoot 
contact phase and less time in the initial contact 
phase, which can contribute to pain and foot injuries. 

Altogether, the Monteiro et al. studies and the 
2010 clinical practice guideline analyze 
biomechanical components affecting plantar pressure 
and treatment options of heel pain, but never mention 
other possible factors contributing to heel pain in 
perimenopausal/postmenopausal women. 

PERIMENOPAUSE 
For years, menopausal women were treated with 
hormone replacement therapy. Estrogen and 
progestin were hormones used for the treatment of 
menopausal symptoms, prevention of osteoporosis, 
and prevention of heart disease. This mainstay in 
treatment was based on a 1991 study "Prevention of 
Postmenopausal Osteoporosis: a Comparative Study 
of Exercise, Calcium Supplementation, and Hormone 
Replacement Therapy"4 and 1992 study "Hormone 
Therapy to Prevent Disease and Prolong Life in 
Postmenopausal Women".5 

The 1991 Prince et. al study was based on 120 
women who had evidence of decreased bone density. 
Results of the study of the group of women who had 
a regimen of calcium and exercise, as well as the 
group of women who had a regimen of estrogen and 
exercise, had an increase in bone density. However, 
the group with the combination of estrogen and 
exercise had a significant increase in bone mineral 
density, although this combination caused more side 
effects such as breast tenderness and vaginal 
bleeding. 
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The 1992 Grady et. al. study further supported 
this modality of treatment of menopausal women. 
This study was a meta-analysis of all English 
language studies from 1970 to 1992 assessing the 
effects of estrogen and estrogen + progestin therapy 
on endometrial cancer, breast cancer, coronary heart 
disease, osteoporosis, and stroke. These variables 
were used to estimate life expectancy and the impact 
that hormone replacement therapy has on women. 
The results of this study showed that estrogen therapy 
decreased the risk for coronary heart disease and hip 
disease, however long term therapy cause an 
increased risk for endometrial cancer and possibly 
breast cancer. The article purported that an estrogen 
+ progestin regimen would decrease risk of women 
on hormone replacement therapy developing 
endometrial cancer and therefore concluded that 
hormone replacement therapy was recommended in 
women who have had a hysterectomy and/or women 
who have or are at risk for any of the following: 
coronary heart disease, hip fracture, or breast cancer. 

The standard of hormone replacement therapy in 
menopausal women made a dramatic change in 2002 
when a landmark study by the Women's Health 
Initiative "Risks and Benefits of Estrogen Plus 
Progestin in Healthy Postmenopausal W omen"6 was 
published. The study was designed to assess the 
effectiveness of estrogen+ progestin in 16,608 
women ages 50-79 years old over the course of 8.5 
years. The study was preemptively terminated in 
May of 2002 after a mean of 5.2 years of follow up 
due to statistically significant instances of breast 
cancer occurrence in women on estrogen + progestin 
therapy. In other words, it was shown that the risks 
of estrogen + progestin therapy in treatment of 
menopause exceeded the benefits by introducing an 
increased risk in invasive breast cancer. 

This finding was supported by the 2003 article by 
the Million Women Study "Breast Cancer and 
Hormone-Replacement Therapy in the Million 
Women Study".7 This study, conducted from 1996 
to 2001, assessed 1,084,110 women in the UK who 
were using hormone replacement therapy and an 
analysis on cancer incidence and death was made. 
The study concluded that use of hormone 
replacement therapy had an increased incidence of 
breast cancer that was fatal, especially in the estrogen 
+ progestin combination. 

The result of the 2002 and 2003 studies by the 
Women's Health Initiative and the Million Women 
Study, respectively, created a dramatic shift in how 
hormone replacement therapy was utilized in treating 
menopausal symptoms, osteoporosis, and coronary 
heart disease. As a result of these studies, use of 
hormone replacement therapy is generally 
contraindicated in these situations. 



LINKING HEEL PAIN AND 
PERIMENOPAUSE 
Interestingly, in all of these referenced studies there 
is no mention of heel pain as a factor in menopausal 
women, despite heel pain being commonplace among 
menopausal women who visit podiatrists. This is 
problematic because there is no literature currently 
available focusing on menopausal women with or 
predisposed to osteoporosis and have heel pain. 
Furthermore, there is no literature that assesses 
whether or not heel pain in menopausal women has 
been associated with hormone replacement therapy, 
or if it has helped or hindered pain in this population. 

What is available in literature at this point, are 
associative factors linking hormone therapy to 
depression, musculoskeletal pain, and trends in lab 
values in perimenopausal women. Perimenopausal 
women have been described to have consistent 
clinical symptoms such as hot flashes and depression. 
Additional perimenopausal symptoms that have been 
studied include decreased appetite, insomnia, 
migraines, and even backaches and joint stiffness. 
Although heel pain is a common complaint of 
perimenopausal women who visit podiatrists, there 
has not been a study showing a common causative 
factor. 

With depression playing a major role during the 
perimenopausal period, there have been studies done 
to look at possible associations between depression 
and clinical symptoms and lab values. In 2007, a 
longitudinal study was done to look at possible links 
between depression and inflammatory or hemostatic 
markers such as C-reactive protein, factor VIle, 
fibrinogen, plasminogen activator inhibitor type 1 
(PAI-l) and tissue-type plasminogen activator 
antigen (tP A-ag) (Matthews et. al). 8 

A total of 3292 women of various ethnic 
backgrounds of perimenopausal status were emolled 
in the Study of Women's Health Across the Nation 
(SWAN) and were followed for five years. The 
results of the study showed that higher depressive 
symptoms are related to elevated fibrinogen, PAI-l , 
and tP A-ag levels. Interestingly, there were strong 
positive correlations between a lower BMI and the 
hemostatic/inflammatory marker P AI -1. In addition, 
current smokers had increased levels of all markers 
except for Factor VII-c. Ethnicity also showed strong 
associations with certain markers. African Americans 
had higher fibrinogen and lower Factor VII and PAI
l, whereas Chinese and Japanese had higher PAI-l 
and tPA-ag, and Hispanics had higher tPA-ag 
compared to Caucasians. 

Another study, "Musculoskeletal Pain and 
Menopausal Status" (Dugan, et al)9

, investigated the 
link between menopausal status and associative 
factors including musculoskeletal pain, 

sociodemographics, medical factors , smoking, 
depression, and BMI. The study was a cross-sectional 
study of2218 women from SWAN. The results of the 
study showed that the prevalence of back aches and 
joint stiffness were high in perimenopausal women 
and that postmenopausal women experienced greater 
pain symptoms. However, when depressive 
symptoms and smoking were looked at in detail, the 
results showed a weakened relationship between 
menopausal status and pain suggesting that 
complaints of aches and pains could be influenced by 
depression instead of being a true complaint. 

DISCUSSION 
Further research may need to focus on fmding 
potential relationships between perimenopausal 
women and heel pain. This would most likely 
include, but not be limited to, looking at depressive 
symptoms, hormone therapy, BMI, smoking, 
ethnicity, and hemostatic markers. 

Osteoarthritis (OA) and various arthridities, 
which include rheumatoid arthritis (RA), ankylosing 
spondylitis, and psoriatic arthritis, exist which can 
cause heel pain in perimenopausal women. A 
correlation between an increase in age and the 
incidence of osteoarthritis , which is the degradation 
of articular cartilage, synovial inflammation, and 
formation of osteophytes. Progressive structural and 
functional changes on articular structures commence 
at early menopause and persist post-menopause, 
leading to an increase in the prevalence of OA in the 
latter population and representing a big impact on 
health costs worldwide. 9 Without estrogen, women 
lack the benefits normally received by the joint 
complex. Both experimental and observational 
evidence support a relevant role for estrogen in the 
homeostasis of joint tissues and in the overall health 
status of joints. 10 Estrogen replacement therapy is a 
proposed treatment for diminishing the effects of OA. 
However, estrogen replacement therapy has its 
drawbacks, which includes stroke, deep vein 
thrombosis (DVT), and myocardial infraction (MI) 
risks with long-term use. These studies focused on 
the hip and knee OA; however, there is a lack of 
research on foot OA in perimenopausal women. 

Rheumatoid arthritis is more prevalent in women 
than men. The peak incidence in females coincides 
with menopause when the ovarian production of sex 
hormones drops markedly.lO In addition, estrogen 
plays a beneficial role with this autoimmune form of 
arthritis. Clinical trials of postmenopausal RA 
patients have shown that hormone replacement 
therapy (HRT) decreases disease activity, improves 
bone mass index (BMD), and in addition, an 
indication of a joint protective effect has been 
found. 11 This form of therapy also diminishes 
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cartilage and bone turnover, but there are risks 
aforementioned to enduring this treatment option on 
a long-term basis. RA more commonly affects 
women's metacarpophalangeal joints and proximal 
interphalangeal joints in their hands. Ankle joints 
and metatarsophalangeal joints are the 
most commonly affected within the foot and ankle by 
RA. So it appears that there is a correlation with a 
lack of estrogen due to being in a perimenopausal 
state to increase the likeliness of obtaining a form of 
arthritis. But more research needs to be done to 
understand if other trends are present aside from the 
patient's lack of estrogen, which could predispose her 
to either OA or RA. 

It is essential that a research be started to assess 
these factors in an effort to further understand and 
treat heel pain in the perimenopausal female 
population. 

CONCLUSION 
There have been articles with the subject of heel pain 
and perimenopausal women but unfortunately there 
have been no articles that look directly at heel pain in 
perimenopausal women. Since the occurrence of 
heel pain in perimenopausal women is high, it would 
be interesting to see why that is and in what ways. 

In the future, a retrospective cohort study could 
be done by focusing on finding potential relationships 
between perimenopausal women and heel pain. Some 
items that can be looked at, but not limited to, would 
be depressive symptoms, hormone therapy, BMI, 
smoking, ethnicity, and hemostatic markers. 
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INTRODUCTION 
Capillary refill time (CRT) was originally described 

by Beecher in 1947 as one of many clinical tools 
used to classify patients with shock. 3 Beecher 
described CRT as the "response to pressure 
blanching" and stratified the responses as normal, 
definite slowing, and very sluggish3

• Beecher 
incorporated CRT fmdings with other clinical data 
and stratified patient with shock into three groups: 
slight, moderate, or severe3

. Since its original 

introduction, CRT has since been used to assess 
peripheral arterial disease (PAD) as well as 

hypovolemia in the critically ill and pediatric 

patient.7
•
8
•
9 Likewise, CRT is currently employed 

using a plethora of protocols and interpretation 
values?2 Some researchers have illustrated that 
temperature, room lighting, sex, and age can 
drastically effect capillary refill time.48 Others have 
shown CRT to have little clinical significance in 

assessing PAD in diabetes mellitus (DM)5 and 
critically ill and pediatric patients with 

hypovolemia53
. This paper examines the current 

anatomical and physiological aspects of blood flow 
and its regulation to better explain each aspect of 
capillary refill time and its true clinical significance. 
In addition, the authors suggest a new theoretical 

protocol and role of CRT in clinical practice that will 
require future experiments and clinical validation. 

DISCUSSION 
Vascular and Neuroanatomy of the Skin 
The microcirculation of the skin is located in the 
dermis and is made up of two communicating 

plexuses: a lower horizontal plexus and an upper 

horizontal plexus.6 The lower horizontal plexus is 
located at the dermal-subcutaneous interface and is 
formed by perforating vessels from the underlying 
muscles and fat. 6 The upper horizontal plexus is 
located in the papillary dermis and gives off nutrient 
capillary loops to individual dermal papillae. 6 The 

lower plexus communicates with the upper plexus via 
an ascending arteriole and descending venules that 
resemble an umbrella. 6 The handle is formed via the 

ascending arteriole and descending venules and the 
umbrella covering is formed by the upper horizontal 
plexus. 6 After flowing through capillary loops, the 

blood enters the sub papillary venous plexus which is 
in upper horizontal layer. Recently, imaging the sub
papillary venous plexus in three dimensions using 
contrast stereography, Imanishi and colleagues 
illustrated that the plexuses are arranged in horizontal 
polygons that drain into descending venules and into 

the lower horizontal plexus. 35 Horizontal 

communication between these venous polygons in 
the sub-papillary venous plexus was not found. 35 This 

anatomical finding is important: it illustrates that 
horizontal flow in the sub-papillary dermal plexus is 
not anatomically favorable and that vertical flow 
from superficial to deep is the predominate direction 
of flow in the post -capillary venules. 35 

Two unique characteristics differentiate glabrous 
skin structurally and functionally from non-glabrous 
skin. Cutaneous circulation in glabrous skin is only 

controlled by sympathetic nerves causing 

vasoconstriction, while cutaneous circulation in non
glabrous skin is controlled by sympathetic nerves 
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causing vasoconstriction and dilation. 10 In addition, 
glabrous skin has numerous arteriovenous 
anastomoses (A VAs) which function as direct shunts 

from ascending arterioles to descending venules, 

bypassing the upper horizontal plexus and capillary 
loop flow altogether. 22 Regulation of A VAs by 
vasoconstriction is an essential aspect of 
thermoregulation. 10 

Leg Position and Anatomical Location: 
Physiology and Clinical Implications 
Pertinent to this discussion of cutaneous blood flow 
is the regulation of cutaneous blood flow in response 

to dependency, elevation, temperature and pressure. 

The response of the cutaneous circulation to 
dependency previously was thought to be mainly 
mediated via central baroreceptor reflexes. However, 
current literature suggests regulation by two 
mechanisms: venoarteriolar reflex 
(V AR) 14

•
25

•
27

•
28

•
29

•
58

•
61 and myogenic response, 51 not a 

central barorecptor reflex. These local reflexes are 

thought to play a protective role from edema 
formation with orthostasis and leg dependency.56 

When venous pressure exceeds 25mmHg during 
leg dependency, cutaneous vascular resistance 
increases resulting in a reduction of blood flow in 

cutaneous capillaries by about 40%.30
· ' This response 

is termed the venoarteriolar reflex. This reflex is 

maintained during proximal neural blockade of 
sympathetic nerve fibers, 25

'
27

'
58 and also maintained 

in patients with spinal cord transection52
' but 

abolished when local anesthetic is administered to the 
site of measurement25

•
27

•
58

• Mediators of this process 

have been suggested to be alpha-adrenergic25
•
27

•
58

. 

Other reports in the literature have suggested a non

adrenergic neural origin of this reflex. 11 The second 
mechanism thought to play a role in response to 
dependency is the myogenic reflex. This mechanism 

is thought to be mediated via mechanically induced 
depolarization of smooth muscle cells (SMC), or via 
buildup of arachidonate metabolites and neural 
stimulation of vascular SMC. Regardless of the 
mechanism, this response has been shown to 

contribute greatly to the reflex vasoconstriction in 

cutaneous blood flow during leg dependency. 
The relative contributions of these two reflexes 

have been shown to be different in different 
cutaneous vascular beds. The majority of experiments 
have monitored blood flow at the proximal nail fold 
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of the fmgers or hallux, calf and/or forearm and pulp 
of the hallux and fingers. Primarily, through 
experiments with venous tourniquets and limb 

dependency, Okazaki and colleagues suggested that 
the relative contributions of the V AR and myogenic 
response during dependency in the calf were about 
45 % and 55% .45 Likewise, in multiple studies 
monitoring the nail fold , a decrease in blood flow has 
been found consistently with leg dependency.47

•
56 

Most importantly, the relative contributions of the 
V AR and myogenic/auto regulation responses in the 
pulp of the hallux have been disputed due to 

experimental protocols. Measuring flow rate using 
the laser Doppler flow meter, Hassan and colleagues 

found blood flow rate to the pulp of the hallux 
decreased when the leg was lowered 50 em below the 
heart.25 These investigators attributed the findings to 
the venoarteriolar reflex as well as auto regulation?5 

In contrast, using 133Xe washout and a heat washout 
method, Middtun et al found no change in blood flow 

rate in the AVA's or nutrient capillaries in the pulp of 
the hallux and concluded the venoarteriolar reflex to 
be absent in the pulp of the toe.43 In addition, to 

illustrate these findings were not inherent to the 
protocol used, Middtun illustrated evidence for the 
presence of the venoarteriolar reflex in the proximal 
nail fold and base of the hallux when measuring 
blood flow with 133 Xe.43 The differences in 
Middtun and Hassan's results in the pulp of the 
hallux can be attributed to the protocols used to 
measure blood flow. The 133Xe washout method is 
more specific for nutrient cutaneous blood whereas 
the laser Doppler measures total flux of cutaneous 

circulation. 63 Because the pulp of the hallux has 
extensive A VAs compared to other areas of the 
skin,22 the laser Doppler will pick up changes in flow 
from nutrient capillaries, superficial horizontal 
plexus, and numerous A VAs in the pulp of the 
hallux. The Xe 133 method only measures nutrient 
capillary flow, and does not take into consideration 
flow in the upper horizontal plexus and the A VAs. 16 

Taken together, it can be concluded that during 
dependency, the overall circulation to the pulp of the 

hallux decreases, but the nutrient capillary flow 
remains unchanged. 

In multiple studies, when elevating the extremity 

above the level of the heart, the blood flow in 
capillaries remained unchanged at levels of 50cm43 

above the heart and levels 30 em above the heart_28
-
30 



Positioning the patient 
According to a survey of pediatric health care 
providers in 2008 at a tertiary care center in Ottawa, 

Canada 6% of all respondents reported always raising 
the foot above the level of the heart, while only 55% 
reported never raising the limb above the level of the 

heart.40 According to the basic science evidence 
above, raising the extremity to levels above the heart 

is not essential because multiple authors have shown 
this to cause no change in cutaneous blood flow. 
However, positioning the extremity below the heart 
and performing the test anywhere except the pulp of 
the hallux would theoretically cause a false positive 

delayed capillary refill time because as shown by 
multiple authors, cutaneous blood flow in a 
dependent extremity decreases relative to a non

dependent position. 

Anatomical Location of Pressure 
Information from the survey of pediatric health care 
providers in 2008 mentioned above the following 
locations used for the CRT: Fingernail, Pulp of 
Finger, Palm of Hand, Plantar Heel, Chest. 64% of 

respondents performed the CRT on the chest. 40 

Likewise, the popular critical care nursing references 
recommends performing the CRT over the 
abdomen. 57 The WHO advocates applying pressure 

to the nail of the thumb or big toe60 other references 

suggest using the soft tissue at the kneecap or 
forearm level2

. As indicated by anatomical and 
physiological data presented above, different 
anatomical locations in the body have different 
vasculature anatomy and nervous innervation. Plantar 
and palmar surfaces have extensive A VAs and only 

sympathetic nervous innervation to cause 
vasoconstriction. All non-glabrous skin has little if 
any A VAs and both sympathetic and vasoconstriction 

and vasodilatation nervous innervation. The 

physiological and anatomical differences in regional 
cutaneous circulation can have multiple effects on 
CRT and elucidating these possibilities is not within 
the realm of this paper. 

Temperature: 
Physiology and Clinical Implications 
The regulation of systemic temperature in cutaneous 

tissue is regulated via sympathetic vasoconstrictor 
and vasodilatation nervous innervation. However, 

regulation of local changes in skin temperature is 

regulated via a biphasic local mechanism that is 
neural and nitrous oxide dependent. 

Systemic Temperature Changes: 
In non-glabrous skin, sympathetic innervation 
provides signals for vasodilatation and 

vasoconstriction. 10 However, glabrous skin only 
contains sympathetic innervation that causes 

vasoconstriction. 10 In thermoneutral environments, 
the vasoconstrictor nerves are tonically active.46 In 

response to hyperthermia from exercise or 
environmental, the first 10%-20% of increase in 
cutaneous blood flow is due to withdrawal of this 

tonic vasoconstriction46
, and the further 80%-90% 

increase in cutaneous blood flow is a result of 
activation of sympathetic nerves causing 
vasodilatation36

• Systemic temperature changes can 

happen during predictable situations such as exercise 
and fever or hypothermia. However, it has been 
shown that ambient light and melatonin levels can 
change body core temperature during the day7 and 
during the year62

• 

Local Temperature Changes: 
In response to local heating, the first 3-5 minutes is 

characterized by an increase in blood flow, followed 
by a slight decrease in blood blow, and fmally a slow 
progressive increase over the subsequent 25-30 

minutes. 10
•
44

.4
6 The initial increase in vasodilatation 

occurs due to activation of C-fiber afferents that 
release Calcitonin gene-related peptide, substance P, 
and neurokinin A and results in vasodilation. 32

•
33

.4
6 

This response is inhibited via application by local 

anesthetic but not by the proximal sympathetic nerve 
blockade32

•
33

•
46

• Subsequently, the slow increase in 

vasodilation over 25-30 minutes is secondary to 
increases in NO as this phase is blocked viaL
NAME (a NOS inhibitor).44 

In response to local cold, there is local activation 
of adrenergic nerves as well as increased affinity of 
alpha2 receptors. This response is abolished via local 
anesthetic block, but not by proximal sympathetic 
block showing that this mechanism is also locally 
mediated. 

Another important change in cutaneous blood 

flow is the phenomenon of Cold Induced 
vasodilatation (CIVD). This phenomenon occurs 5-

10 minutes after the start of cold exposure to the 
extremity. It is important to understand this 
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phenomenon occurs with local response to cold and 
when the body core temperature is normal. This 
phenomenon is cyclical; the vasodilatation is 
followed by another phase of vasoconstriction and 5-
10 minutes later, vasodilation.38 This reaction was 
described by Lewis in 1930 called "the hunting 
reaction". 38 The function of this phenomenon is 
thought to be to prevent local cold injuries34

•
59 and 

improves manual dexterity during cold by increasing 
temperature of forearm musculature 15

• The 
mechanisms of CIVD are not fully understood, 

Ambient Temperature 
The effects of temperature on capillary refill time 
have been examined by Schriger and his colleagues.48 

They measured CRT on the pulp of the index finger 
before and after one minute immersion into a 14 
centigrade water bath. They found that CRT 
increased from a median of 1.3 seconds before 
immersion to 2.9 seconds after immersion. These 
results are expected from the above mentioned basic 
science review.48 However, it is important to note that 
the phenomenon of cold induced vasodilatation that 
is common in 93 % of people occurs 5-10 minutes 
after cooling. 12 Depending on the state of temperature 
of the person ' s toe, the CRT would be normal during 
this phenomenon especially in areas with extensive 
A VAs. 

Fever 
The effect of fever has not been shown to influence 
CRT in patient with or without dehydration.23 It was 
found that CRT had 44% sensitivity and 94% 
specificity for diagnosing dehydration when stratified 
with or without fever. 23 This result is paradoxical as 
increases in core body temperature have been shown 
to decrease vasoconstriction tone and increased 
vasodilatation in the cutaneous circulation. 

Pressure Induced Vasodilation (PIV): 
Physiology and Clinical Implications 
It is well known that stimulation of a variety of 
cutaneous receptors due to a noxious stimulus 
induces cutaneous vasodilation. 55 Noxious pressure 
induced vasodilatation has been well characterized by 
mechanically activated cutaneous receptors attached 
to thin myelinated or unmyelinated fibers that 
produce vasodilatation in the skin. 32

•
33 In addition, 

there is evidence for a non-linear pressure flow 
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relationship for moderate non noxious pressure 
strains.4 1

•
50 Primarily, moderate cutaneous pressure 

induced vasodilatation was shown to be mediated by 
activation of capsaicin sensitive nerve receptors in 
humans .Z0 Likewise, this similar phenomenon was 
confirmed to occur in a rodent model.21 Studies in 
this model showed that application of non-noxious 
stimuli caused PIV via a capsaicin sensitive receptor 
dependent neuronal release of NO and Calcitonin 
gene-related peptide to be important mediators 
released onto vascular SMC.21 Activation of 
capsaicin sensitive axonal fibers from moderate, non
noxious pressure leading to release of CGRP, VIP, 
and Pituitary adenylate cyclase-activating 
polypeptide have been shown to cause NO mediated 
vasodilation.17

'
20

'
21 Capsaicin sensitive 

mechanoreceptors sensitive to as little as 0.7g/mrn2 
to 2.5 g/mm2, have been shown to exist in primate 
skin37 and are similar pressures needed to induced the 
vasodilatation response. 20 

Time Pressure is Held and Amount of Pressure 
The WHO recommends applying pressure for 3 
seconds, while others suggest applying pressure until 
the capillary bed blanches. 53 Other sources advocate 
applying pressure for five seconds.23

'
48

'
49 The studies 

of the pressure induced vasodilation mechanism 
illustrate that transient (less than 1 second) pressure 
as much as .7g/mrn2 to 2.5 g/mrn2 is needed to 
activate this reflex. However, the average pressure 
required to reach a maximum amount of blood flow 
was found to be 37.5 +/- 20mmHg and any further 
increase beyond this lead to a decrease in blood 
flow.20 

Other Clinical Differences in CRT Times: 
Normal CRT 
Beecher's original description never included any 
explanation of protocol or normal values. 3 The first 
"normal" value introduced was by Champion as less 
than or equal to two seconds which was later found to 
be an arbitrary limit without experimental basis.49 

Other than Schriger' s paper in 1988, a literature 
review conducted by our research team similar to 
Schriger' s in 1988, failed to show normal CRT 
values for a given population. Schriger and 
colleagues attempted to quantify CRT variations with 
age and sex.48 304 patients, considered healthy by the 
investigators were examined to determine the 



differences in CRT with age and sex.48 There were 
100 subjects ranging from 2-12 years old, 104 adults 
ranging from 20-49 years old and 100 elderly ranging 
in age from 62-95 years old.48 The upper limit of 
normal, defined as the lowest time that includes 95% 
of the volunteers, was 1.9 seconds for children and 
adult men, 2.9 seconds for adult women, and 4.5 
seconds for the elderly subjects.48 

CONCLUSION 
This paper has discussed the pertinent aspects of 
anatomy and physiology about the cutaneous 
circulation in the normal human without attention to 
pathological physiology in patient populations such 
as DM and Hypovolemia. The information presented 
here should provide a foundation on which to better 
design a convenient, and predictive test of the 
integrity of cutaneous blood flow in a normal human. 
As much as the CRT and its variations give the 
clinician a glimpse into the cutaneous circulation of 
the patient being examined, it also is testing the 
integrity of the neural network responsible for the 
pressure induced vasodilatation. Boyko has 
suggested that CRT has little place in the physical 
examination of the DM patient with PAD. However, 
it is the author's opinion that the CRT may greatly be 
affected by peripheral neuropathy in the Diabetes 
population and could have caused Boyko to conclude 
its ineffectiveness. The inherent mechanism of the 
CRT is initially neutrally mediated. Fromy and 
colleagues have already shown an impaired PIV 
response in patients with diabetes and neuropathy. In 
addition, multiple studies have shown the 
venoarteriolar reflex in patients with claudication and 
rest pain is absent during dependency and this fact 
could be another important piece of information to 
help for~ulate a significant clinical test. There is 
extensive literature that exists on the hemorheology 
and hemodynamic of cutaneous blood flow in DM 
and Hypovolemia that could help determine what 
type of abnormal results of a CRT test should be. 

Regardless of the pathological changes that exist, the 
basic science knowledge provided here provides the 
foundation for better design of a test that assesses the 
cutaneous circulation. The positioning of the normal 
patient's extremity relative to the heart should not 
matter if the CRT is perform on the pulp of the 
hallux, as no change in cutaneous blood flow would 

be expected based on the studies of Middtun. 
However, when performing the CRT on dorsal skin 
of the hallux nail fold or the forearm or calf, 
positioning below the level of the heart would result 
in a false positive prolonged CRT due to the 
venoarteriolar reflex and the myogenic reflex. Rather 
than altering a test that has no foundation in basic 
science, it may be more pertinent to design an 
entirely new test based on the known physiological 
and anatomical principles and correlating them with 
clinical endpoints and goals. 
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INTRODUCTION 
Just how many tests constitute frequent testing? This 
is a question that has no one answer. Many test 
advocates believe the more tests administered, the 
more successful the student will become. The belief 
is that the more the student is encouraged to review 
class material in order to succeed, the better 
the displayed educational results. Others believe that 
although student's scores will increase with frequent 
testing, the amount of improvement decreases with 
an increasing frequency of tests . Still others believe 
that the old way is the right way. In other words, 
mid-term examinations with a final comprehensive 
exam are the right way to go. In regards to this study, 
the number of tests that constitutes frequent testing 
varies by discipline, grade level, and achievement 
level. 

Although much research has been done on 
frequent student testing, there is no research of this 
kind in relation to the medical field. There are, 
however, papers describing the need for this research. 
As a podiatric medical student, the purpose of this 
review is to draw some conclusions about the effects 
of frequent student testing in the disciplines, subjects 
and grade levels that have been researched in order to 
determine if similar research is warranted in the 
medical field, specifically podiatric medicine at the 
California School of Podiatric Medicine and the 
institution' s use of multi-subject weekly 
examinations. 

METHODS 
Data Sources 
To fmd studies on the effects of frequent student 
testing, I used three major databases: (a) EBSCOhost, 
a database which contains information from current 
and authoritative journals, magazine, pamphlets, and 
newsletters, of which I concentrated on those from 
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Education Economics and Educational Assessment, 
(b) Gale PowerSearch, a database with periodical 
coverage on a wide range of topics, of which I 
concentrated on Education Next and International 
Journal of Educational Policy, and (c) ProQuest, a 
database which focuses on business, computing, 
education, healthcare, security, and tele
communications, of which I concentrated on 
Education Forum and Education Today. The studies 
retrieved from the above articles constituted the 
majority of the sources for this review. 

The searches resulted in 22 articles with three 
specific search criteria: scholarly articles, peer
reviewed, and full text available. Of the 22 results, 10 
were ultimately chosen and are discussed in this 
review. 

Examination Performance 
The results from the five subject areas discussed 
below are summarized in Table 1. 

Algebra 
Kika, McLaughlin, and Dixon (1992) found a 
statistically significant increase in class means of the 
weekly testing group as opposed to the biweekly 
testing group (see Table 1).1 They divided a group of 
11th grade Canadian students into two groups, where 
one group underwent weekly testing for a two-month 
period while the other group underwent biweekly 
testing for the same period. The process was reversed 
for the next two months. This was continued for four 
two-month periods. 

The results found the average increase in class 
means with the weekly testing method to be 5.5% for 
Group 1 and 8% for Group 2. The largest differences 
again occurred in the middle and low achievers. The 
middle- and low-achieving students in Group 2 
improved their means during the weekly test sections. 



In Group 1, the middle achievers performed 
considerably better on the weekly tests, but the low 
achievers did not show a great change (Kika, 
McLaughlin, & Dixon, 1992). 1 

Spelling 
Rieth and others (1974) examined elementary and 
middle school children in two American cities and 
found that breaking up word lists into smaller lists 
and presenting this material to the students daily, 
with or without daily testing, increased student scores 
in the end-of-week full-list tests as opposed to 
presenting the entire list at the be~inning of the week 
with an end-of-week full-list test. They used a series 
of four mini experiments in which the subjects were 
presented with a partial list with daily testing with an 
end-of-week test, full list with just the end-of-week 
test, and partial list without daily testing with an end
of-week exam (see Table 1).2 

The results found that low and middle achievers 
received the greatest benefit from daily testing as 
opposed to high achieving students who maintained 
their scores. Low achieving students went from a 
mean percentage of 55 to 74% with daily testing, and 
middle achieving students went from 88 to 94%.2 
Similar results were seen with partial lists without 
daily testing as opposed to full lists. This indicates 
that presentation of material in pieces over time, 
followed by a cumulative test, yields the greatest 
benefit to low achieving students, with high 
achieving students remaining unchanged. 

Psychology 
In a study examining a group of college students in 
the Midwestern United States conducted by Iverson 
and Iverson (1994), no significant increase in scores 
was found in the frequent testing group.3 In fact, they 
found a significant decrease in the scores of low 
achievers as time went on. 

The students were equally divided into two 
groups, one with the experimental condition, which 
consisted of weekly, ungraded tests, and one with the 
control condition, in which there were no weekly 
ungraded tests. Both groups took four exams and the 
results were analyzed. 

Both group did not differ in their mean test scores 
on the four tests, however when mastery was defined 
as passing with a grade of 70%, more students in the 
experimental condition than in the control achieved 
mastery.3 The results also found that low-achieving 
students in the experimental condition obtained 
significantly lower scores than the control on Tests 3 
and 4 (see Table 1). (Iverson, & Iverson, 1994). 3 

These results indicate that there is no significant 
increase in test scores with more frequent testing 
strategies. 

Reading 
In a paper by Fuchs, Fuchs and Tindal (1986), the 
effects of frequent testing were studied in four first
grade American classes by dividing them into two 
groups: an alternative mastery learning group (DBI) 
and a typical mastery learning group (TYP). The DBI 
group included weekly measurement criteria, such as 
graphic and corrective feedback and testing. In the 
TYP group, it was the teacher's decision whether or 
not to pass the students onto the next block of 
learning, regardless of actual scores. Both groups 
underwent two testing conditions: passage-reading 
tests (PRT) in which students read aloud a 200-word 
passage to an examiner, and a basal mastery series 
(BMT) in which students took multiple choice and 
matching tests requiring 80% mastery to move on.4 

The results indicate low-achieving students 
scored better on both PRT and BMT testing in the 
DBI group than in the TYP group.4 It is important to 
note the same did not hold true for high-achieving 
students where the results were not statistically 
significant. BMT scores were comparable in both 
treatment groups and PRT scores were somewhat 
higher in the DBI group.4 These results suggest that 
although mastery learning may increase the scores of 
students who are able to master basic material, it may 
actually impede the progress of high achievers 
(Fuchs, Fuchs, & Tindal, 1986).4 

Marketing 
Kling, McCorkle, Miller, and Reardon (2005) studied 
two sections of college students in the Western 
United States, one with high content overlap and one 
with less content overlap, and divided each of these 
into a Quiz group, whom received 12 tests throughout 
the semester, and an Exam group, whom received 
three tests. 5 

They found that students in the section with high 
content overlap scored half a letter grade better in the 
Quiz group as opposed to the Exam group. In the 
section with the low content overlap, students did the 
same regardless of testing frequency, with no 
statistically significant differences found. (Kling, 
McCorkle, Miller, & Reardon, 2005).5 

The results indicate that frequent testing, while 
overlapping course content, yields significant 
increases in student scores with more frequent testing 
as opposed to traditional testing methods (two 
midterms, one final). 5 
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Individual Assessment Programs 
Many studies have suggested the need for individual 
assessment programs depending on the subject being 
taught, as well as on the student as a whole. In a 
study by Starkman (2007), he suggests that year-end 
standardized examinations do not correctly assess a 
student individually.6 Instead; they are much like a 
cookie-cutter, in that it is one test made to assess all 
students. He suggests a need for individual 
assessments, especially for students with special 
needs whom do not fit the typical mold of 
standardized year-end examinations.6 He discusses 
several different school districts that have used 
different computer programs for this purpose and 
have reported great success, improvement, and 
individual student-centered feedback. 

Heaney (1994) completed a similar study with 
similar results. She found that in regards to 
elementary and middle school students, testing alone, 
especially in science and to a lesser degree in math 
and spelling, may not be the only way to assess these 
children.7 She suggests the need for a combination of 
assessment programs, including the regular 
monitoring of a student's overall work (projects, 
reports, etc.), and in relation to frequency, the idea of 
teaching material in small "bites" (Heaney, 1994).7 

These results suggest that although studies on 
frequent student testing show increase in student 
scores, the idea of trying to cater to and assess each 
student rather than a class as a whole should not be 
forgotten. 

Attendance 
It is important to mention there has been evidence to 
suggest a statistically significant increase in mean 
student scores with increasing class attendance. In a 
study by Chan, Shum, and Wright (1997), they found 
scores did in fact have a statistically significant 
increase with increasing attendance, however 
professors requiring mandatory attendance did not 
show a significant increase in student scores as 
opposed to not requiring mandatory attendance. 8 This 
suggests that although attendance is suggested and it 
is shown to significantly increase student test scores, 
requiring mandatory attendance does not elicit any 
benefit. 

Medicine 
Although a wealth of data and research exists on the 
use of frequent student testing in many different 
subject areas and disciplines, the medical field does 
not have any data or experiments that prove the same 
effectiveness. A study by Bruno, Ongaro, and Fraser 
(2007) concluded similar findings in the field of 
chiropractic medicine. They found a tremendous need 
for examination of the same findings and 
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investigation to determine if they apply to 
chiropractic education at all (Bruno, Ongaro, & 
Fraser, 2007).9 

DICUSSION 
Subject/Discipline 

The results of the several studies regarding 
frequent student testing in multiple different 
disciplines and subject areas varied, however one 
thing seemed to remain constant: the positive and 
significant effect of frequent student testing, whether 
daily or weekly, on low-achieving students. Low 
achieving students in a reading class significantly 
improved when they were a part of the DBI group in 
which weekly assessments were done.4 Low 
achieving students in spelling class had similar 
results with daily presentation of partial word lists 
and daily tests, with a full-list test at the end of the 
week.2 The same held true with the algebra students 
in the weekly testing group. I The only situation in 
this study where low-achieving students did not 
improve, and actually decreased their scores as time 
went on, was in the psychology class.3 These results 
could be due to error, as groups were not randomly 
assigned, with the majority of students being female. 
So, the data may not be representative of the 
population of all possible students. 

CONCLUSION 
Student Retention 

These results are important in relation to the 
California School of Podiatric Medicine's use of 
multi-subject weekly examinations, which span a 
three-week period. The results indicate that with 
courses containing a high degree of content overlap 
on the frequent examinations, students average a Y2 
grade increase as opposed to the same course with 
little to no content overlap. There is, however, a need 
to investigate these findings to determine if they hold 
true in the medical field, specifically in podiatric 
medicine. 

Medicine 
With the institution of weekly, multi-subject tests 

at the California School of Podiatric Medicine, it is 
important to note the need for research regarding 
frequent student testing relative to the medical field. 
To date, there are no studies dictating the effects of 
having weekly, multi-subject medicine-related tests. 
There are no studies of frequent testing in general 
relative to the medical field, including chiropractic 
medicine and more importantly, podiatric medicine, 
as well as other related fields. Studies should first be 
performed testing the effects of frequent testing in 
medicine and whether there is a positive correlation 
at all. There should then be studies done in regards to 



multi-subject weekly examinations in the medical 
field and how they correlate with attendance and 
individual assessment levels. The results of these 
studies could determine if this type of testing regime 
should be implemented in other, if not all, medical 
schools. 

Table 1. !:\laior Feafl · Five Stud' _,.,..., .. _ fF ta ., ... --- ---· -·---..... --
Study Kika, McLaughlin, & Rieth, Axelrod, Anderson, 

Dixon Hathway, & Wood 
Group Group E:tp Exp Expill 

I 2 I II 

II Of students 51 17M, ISM, I 8 X c 
9F !OF 26 24 

Grade level I I"' 7"' 5"' 5"' 
Achievement level High, middle, low (all) Low Low All 

Testin _.._ _. . 

Exp 
IV 

4"' 
Low 

Subiect!Discipline Algebra Spelling (Language arts) 
Location British Columbia, KS cr 

Canada 
Weekly Testing (Mean 65 64 
%correct) 
Biweekly Testing (Mean 59.5 56 
%correct) 
Full woni list at 33 .4 55.5 92.2 86.7 54 
beginning of week, full 
test at week -end (Mean 
%correct) 
Partial woni list daily 91.6 84.5 92.7 78 
wilh daily test, full test at 
week-end (Mean ~. 
correct) 
Partial woni list daily - 66 
without daily test, full 
test at week -end (Mean 
%correct) 
Test I (Mean ~~ correct) 

Test 2 (Mean ~. correct) 

Test 3 (Mean •;. correct) 

Test 4 (Mean % correct) 

Passage reading test 
(reading aloud) PR T 
Basal mastery test 
(multiple choice and 
matching) BMI 
Professor evaluation in 
Quiz group (12 tests/ 
semester)· 
Professor evaluation in 
Exam group (3 test! 
semester) 
% Greater retention in 
Quiz group vs . Exam 
group 
Statistically signific.ant? Yes, weekly test means Yes, low 

were significant higher (55 to 
then biweekly in both 74%)and 
groups middle (88 

to 94,..) 

Iverson, & Iverson fuchs, Fuchs, & Tindal Kling, McCorlde, 
Miller, & Reanion 

X c X c High Low 
DBI TYP content content 

overlap 0\<erlap 
82 41 41 88 (45M, 45F) 49 39 56 64 

(73F, 
9M) 

College 1" College 
Me.an Mean High I Low All All 
3.10 3.12 
GPA GPA 

Psychology Reading Marketing 
Midwest. U.S. MN Midwest, West, 

U.S . U.S. 

44.5 42 .6 
±6.4 ±8.9 
42 .4 40.4 
±4.7 ±6.6 
38.8 37.0 
±6.5 ±9.7 
63.0 61.5 
±13 ± 

18.7 
112.87 78.07 97.92 95.96 

63.50 58.90 62.51 60.10 

90.20 81.81 

81.60 8213 

4.48 3.8 

Yes, X group low Yes, low achieven received Quiz No, scores 
achievers obtained higher scores on both BMT and group remained 
lower scores (42± 6.2 PRT in the X group scored an relatively 
to 59± 9) as time went average of the same 
on in comparison to Y. grade reganiless 
the C group (4H± higher of testing 
71 to 685± 3.6) then Exam method 

J!lOUp 
In both groups, the Quiz 
group had a higher rate 
of retention of the 
material presented then 
the Exam group 

---
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·well, today I treated an Olympic 
runner who was haVIng a lot of pain 

In her heel when she ran; s<!Ved 
the foot of a grandfather who has 
d labetes, prescr1 bed medications 
for a seriOus skin condition; set a 

badly broken ankle, and performed 
surgery on a llnle glrljustabout 

)CUr age who had clubbed-feet and 
could not walk very well- now she 
will be able to walk, run and pja)r:" 

Podiatric Medicine Is a Rewarding. Challenging and 
Exciting ca~erl Our member doctors have cited their 
positive feelings of: 

• Helping to heal the sick and inju~d; 
• Flexible work hours; 
·Attractive financial opportunities, and 
• Multiple practice options 

as outstanding rusons to choose podlatltcmedklne 
as a profession. We at the california Podiatric Medical 
A$oclation (CPMA) wish you every success as you 
embark upon your own journey of discovery to find 
your passion and choose a ca~rthat will provide 
you with a fulfilling and rewarding life. 
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