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 Abstract                                                                                                            
Background: Fractures of the proximal fifth metatarsal bone 
are among the most common fractures observed in the foot and 
their classification and management has been subject to much 
discussion and disagreement. In this study, we aim to identify 
and quantify the effect of possible predictors of the outcome of 
the treatment of proximal fifth metatarsal fractures.
Methods: Patients with established proximal fifth metatarsal 
fractures were enrolled in this prospective cohort and the 
outcome of their treatment was assessed using the AOFAS mid 
foot scale at 6 and 20 weeks.
Results: 143 patients were included in the study. Our study 
showed that displacement, weight and type III fractures were 
significant independent predictors of poor outcome at 6 weeks 
while at 20 weeks in addition to these factors, gender and diabetes 
mellitus were also shown to be significant independent predictors 
of poor outcome. A scoring system was designed by assigning 
weight to these factors and it was shown to be a strong predictor 
of outcome at 20 weeks.
Conclusion: We recommend that our scoring system would 
help surgeons to decide whether patients’ prognostic factors are 
significant enough for him/her to opt for a surgical approach to 
treatment rather than a conservative approach. 
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 Introduction                                                                                           

Fractures of the proximal fifth metatarsal bone are among the most 
common fractures observed in the foot.1,2 The proximal fifth metatarsal 
bone has been considered to have three anatomical zones: the styloid 
process (zone I), meta-diaphyseal area (zone II) and proximal diaphysis 
(zone III).3 Evidence has shown that zone I is most commonly involved 
in fracture of the base of the fifth metatarsal bone.3

Classically, fractures of the proximal fifth metatarsal (Dameron 
zone I) have been classified into three types: type I fractures 
involve the tip of the tuberosity, type II fractures are oblique 
fractures starting from the base of the metatarsal running into the 
metatarsocuboid joint and type III fractures are transverse fractures 
that involve fourth metatarsal articulation.3 This classification is 
meant to be predictive of the outcome where type I fractures and 
tuberosity avulsions are believed to carry a better prognosis and a 
higher chance for complete healing than the more distal fractures.4,5
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Type I fractures have been associated with 
sports-related injuries in males while type II and 
type III fractures are usually caused by inversion 
injuries.3,6 Factors such as increased metatarsus 
adductus angle have been shown to increase the 
vulnerability of individuals to Jones fractures7 
while other factors have been associated with 
poor response to treatment. In general, Jones 
fractures are considered prone to prolonged 
healing time and non-union.8

Type I fractures are usually treated 
conservatively with a non-weight bearing short 
leg cast for 6 to 8 weeks, type II fractures are 
treated either conservatively or surgically but type 
III fractures especially if there is considerable 
displacement are usually treated surgically.9 In 
athletes and active adults, the current evidence 
recommends that type II and type III be treated 
surgically with the use of intramedullary screw 
fixation.10 In patients with lesser injuries and 
minimal displacement there have been arguments 
for the use of functional treatment - in the form 
of elasticated support bandage - in lieu of casts, 
with some studies reporting improved outcomes.11

The choice of treatment for proximal fifth 
metatarsal fractures is controversial; the current 
approach as supported by the best evidence 
available, recommends surgery in patients who 
have fractures with considerable displacement 
(more than 2 mm) or in patients with extensive 

involvement of the cubometatarsal joint (more 
than 30%)8 with more conservative approaches 
considered for lesser injuries. The choice of 
treatment depends on radiological and clinical 
findings among with the judgement of the 
orthopaedic surgeon. 

A need for identifying predictors that can 
determine the outcome of these fractures exists; 
such predictors can guide the choice of treatment 
and be a support tool that facilitates the decision 
making process of the orthopaedic surgeon. In 
this study, we aim to identify and quantify the 
effect of possible predictors on the outcome of the 
treatment of proximal fifth metatarsal fractures.

 Methods and Materials                                                                                        

This prospective cohort was undertaken in the 
orthopaedic clinic of Kashani hospital in Isfahan 
(Iran) during two years from April 2011 until April 
2013. Patient selection is shown in figure 1. The 
aim of the study was to identify potential predictors 
that could affect the outcome of the fracture in our 
patients.

Patients with acute (less than 5 days) foot 
complaints or foot trauma that were referred to our 
clinic were evaluated clinically by an orthopaedist 
and by X-ray. Anyone with a confirmed 
(radiologically proven) fracture of the proximal 
fifth metatarsal bone - who did not meet any of 

Figure 1: Study flowchart                                                                                                                                                                               
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the exclusion criteria - was included in the study 
after obtaining informed consent. The exclusion 
criteria were previous fifth metatarsal fracture, 
need for surgical intervention, multiple fractures, 
previous foot deformity, fractures involving the 
diaphysis of the bone, open fractures and chronic 
foot complaints.

The patients were evaluated after obtaining 
informed consent and their condition including 
the severity and type of the fracture as well as 
the degree of displacement was documented. 
All patients were treated by short leg casts for 
six weeks with weight bearing after the second 
week. They were evaluated by an orthopaedist at 
six and twenty weeks. The evaluation included a 
demographic and clinical questionnaire regarding 
the general health of the participants as well as 
the AOFAS mid foot scale (MFS); this scale is 
a standardized tool used for the evaluation of 
mid foot complaints (including proximal fifth 
metatarsal fractures) (table 1). This tool assigns 
scores to patients based on three categories: pain 
(40 points), function (45 points) and alignment (15 
points), with a maximum possible score of 100 

(limited or no complaint) and a minimum possible 
score of zero (complete or major disability).12 
AOFAS scale has been shown to have acceptable 
validity and reliability in assessing mid foot 
problems.13 The pain is assessed by asking the 
patient about the degree and frequency of pain in 
his/her mid foot while function and alignment are 
evaluated by a trained orthopaedist. The goal of 
the treatment is to maximize patient’s MFS. The 
data obtained was entered into a database and 
analyzed using IBM SPSS (version 18). 

Descriptive analysis was used to show 
the frequencies and characteristics of the 
predictors. These predictors were assessed 
in a univariate analysis for their correlation to 
outcome (as measured by MFS at 6 and 20 
weeks). A multivariate analysis (multivariate linear 
regression; Enter method) was also performed in 
order to find independent predictors that could 
affect the outcome at 6 and 20 weeks. Finally, 
predictors that were shown to be independently 
and significantly correlated to the outcome at 20 
weeks were used to design a scoring system that 
could predict possible unfavourable outcome in 

Table 1: AOFAS midfoot scale
Midfoot Scale (100 Points Total)

Pain (40 points)
None 40
Mild, occasional 30
Moderate, daily 20
Severe, almost always present 0
Function (45 points)
Activity limitations, support 
No limitations, no support 10
No limitation of daily activities, limitation of recreational activities, no support 7
Limited daily and recreational activities, cane 4
Severe limitation of daily and recreational activities, walker, crutches, wheelchair 0
Footwear requirements 
Fashionable, conventional shoes, no insert required 5
Comfort footwear, shoe insert 3
Modified shoes or brace 0
Maximum walking distance, blocks 
Greater than 6 10
4-6 7
1-3 4
Less than 1 0
Walking surfaces 
No difficulty on any surface 10
Some difficulty on uneven terrain, stairs, inclines, ladders 5
Severe difficulty on uneven terrain, stairs, inclines, ladders 0
Gait abnormality 
None, slight 10
Obvious 5
Marked 0
Alignment (15 points)
Good, plantigrade foot, midfoot well aligned 15
Fair, plantigrade foot, some degree of midfoot malalignment observed, no symptoms 8
Poor, nonplantigrade foot, severe malalignment, symptoms 0
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patients with proximal fifth metatarsal fractures 
treated conservatively with a short leg cast. 
The outcome (MFS score at 20 weeks) was 
dichotomized by considering patient with a higher 
than mean score as having a favourable outcome 
and those with a lower than mean score as having 
a poor outcome. Using this dichotomized variable 
and ROC curve provided the best possible cut-off 
point for our scoring system.

The scoring system was internally validated 
by using the bootstrap method and the power of 
the scoring system in predicting the outcome was 
assessed in 1000 iterations of random sampling 
from our data.

This study was approved by the Ethics Committee 
of Isfahan University of Medical Sciences.

 Results                                                                                     

Clinical Characteristics
143 patients with mid foot fracture were 

enrolled in the study and were revisited in 6 and 
20 weeks to assess their condition; all patients 
finished the study and completed the follow up. 
The mean age of the participants was 40.06 
years (95% CI: 37.93-42.19). 100 patients were 
male (69.9%) and 43 were female (30.1%). 44 
patients had styloid avulsion fractures with 
involvement of the metatarsocuboid joint (type 
I, 30.8%), 71 patients had involvement of the 
fourth and fifth metatarsal joint (type II, 49.7%) 
and finally 28 patients had proximal fracture of 
the metaphysis of the fourth and fifth metatarsal 
bones (type III, 19.6%). 19 patients had fractures 
with a displacement of greater than 2 mm (13.3%). 
The average weight of the participants was 80.47 
kg (95% CI: 79.27-81.67). The average height of 
the participants was 1.72 m (95% CI: 1.71-1.72). 
The average BMI of the patients was 27.21 (95% 
CI: 26.79-27.63). 6 patients had diabetes mellitus 
(4.2%) and 43 were smokers (30.1%). 

The average AOFAS mid foot scale at 6 weeks 
and 20 weeks was 77.71 (95% CI: 76.79-78.63) 
and 92.77 (95% CI: 91.79-93.75) respectively.

Univariate and Multivariate Analysis
By comparing the predictive factors with the 

mid foot scale scores at 6 weeks, the following 
factors were found to be significantly associated 
with a poor outcome: displacement (P<0.001), 
weight (P=0.002), BMI (P=0.004), and type III 
fracture (P<0.001). Type I and type II fractures 
were associated with a better outcome (P=0.004 
and 0.022 respectively). 

The comparison of the predictive factors with 
mid foot scale scores at 20 weeks identified the 
following factors as having a negative impact on 
the outcome: displacement (P=0.001), weight 

(P<0.001), BMI (P<0.001), and type III fracture 
(P<0.001). Type I and type II fractures were again 
showed to be associated with a better outcome 
(P=0.001 and 0.041 respectively).

As weight and BMI show a significant correlation 
(P<0.001 and correlation coefficient=0.743), only 
one item (weight) was included in the multivariate 
analysis. Multivariate linear regression analysis 
showed that displacement (P=0.005), weight 
(P=0.005) and type III fractures (P<0.001) 
were significant independent predictors of poor 
outcome at 6 weeks while at 20 weeks in addition 
to these factors, female gender and diabetes 
mellitus were also shown to be significant 
independent predictors of outcome.

Risk Score
We assigned scores to the predictive factors for 

the 20 weeks mid foot scale based on the natural 
logarithm of the coefficients in the multivariate 
analysis multiplied by 10 with rounding to the 
nearest integer and with consideration of the 
direction of their effect (table 2). We divided the 
patients into favourable and poor outcome at 20 
weeks based on their mean MFS score (those 
with a score lower than the mean were considered 
as having a poor outcome). The ROC (Receiving 
Operating Characteristics) curve (figure 2) showed 
the score to have an AUC of 0.849 in predicting 
the outcome. The cut-off point was set at 9, that is, 
anyone with a score greater than 9 is at a higher 
risk of a poor outcome in 20 weeks.

Table 2: The Scoring System
Variable Score
Gender (female) 8
DM 17
Displacement greater than 2 mm 19
Weight (>81 kg) 2
Type I fracture -5
Type II fracture 0
Type III fracture 20

Internal validation of the model using the 
bootstrap method was performed and showed 
that there is consistent significant difference 
between the good outcome and poor outcome 
groups and thus our scoring system has good 
reliability in predicting the outcome in 20 weeks.

 Discussion                                                                                     

Over the years, there have been many arguments for 
the best approach to treat proximal fifth metatarsal 
fractures with the current guidelines focusing on 
the type of fracture and degree of displacement. 
We have, however, demonstrated that other factors 
may play a role in the end outcome of the patients 
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and while the general response to treatment was 
good among all patients after 20 weeks (as shown 
by the mean MFS score of 92.77 out of possible 
100), there is a significant difference in outcome 
between individuals with certain risk factors and 
those without them.

Our study showed that while diabetes mellitus 
does not affect the outcome at 6 weeks, it plays 
a significant role in the outcome at 20 weeks. 
Fleischili et al. showed that the bone strength and 
stiffness of the metatarsal bones of the diabetic 
patients is similar to non-diabetic individuals 
who are 20 years older. While the evidence is 
not conclusive, it is believed that bone quality 
and healing in diabetic patients is inferior to non-
diabetic individuals.14 This may explain why in our 
study we have observed a negative effect of DM 
on patients MFS score at 20 weeks.

We have observed a correlation between 
adverse outcome and female gender in our 
study. Hasselman et al. documented in a paper 
that foot fracture in females is associated with 
reduced bone density15 and this can play a role 
in delaying or complicating the healing process 
following fractures.

We also established that both BMI and 
weight are associated with negative effect on 
the outcome. We have, however, included weight 
in our scoring system as our study showed that 
height has no effect on the outcome and the 
observed effect of BMI on the outcome is in truth 
the effect of the weight, this effect is nonetheless 
limited and weight was only assigned a score of 
2 in our scoring system.

Our study showed that fracture types have 

considerable effect on the outcome as well. Type 
I fractures leads to the best results while Type 
III fracture lead to poorer outcomes. While Type 
II fractures were shown to have an improved 
outcome in univariate analysis, this effect was 
not observed in multivariate analysis. Our findings 
are in line with the current evidence that suggest 
conservative and functional approaches to the 
treatment of type I fractures while type III fractures 
are best managed by surgical approaches. Type 
II fractures are controversial as both surgical and 
conservative approaches have been shown to be 
acceptable choices of treatment. Displacement 
of greater than 2 mm was also shown to be a 
negative predictive factor, which is again in line 
with the current evidence.16-19

Some have suggested that the fracture types; 
as suggested by Torg, are not sufficient in guiding 
the choice of decision; for example Logan et al. 
proposed a newer simplified classification that can 
guide the treatment and has higher interobserver 
agreement.20 While Lee et al. showed that plantar 
gap has a significant effect on the outcome of fifth 
metatarsal fractures; they used it to design a new 
classification and showed that its incorporation 
improves the decision supporting function of the 
classification.21,22 In our scoring system, while 
adhering to the original classification, we have 
identified other predictors that can affect the 
outcome; our study showed that individuals with 
scores of greater than 9 have poorer outcomes 
with conservative management and may be 
candidates for surgical intervention.

While we believe our scoring system to be a 
useful decision support tool in aiding the surgeon, 
we must caution that it should not replace sound 
clinical judgment on the part of the surgeon. The 
main limitation is that while our system has shown 
to be internally valid, it still needs to be externally 
validated in a further prospective cohort.

 Conclusion                                                                                     

In short, our scoring system can help to identify 
patients who have a higher risk of failure using 
conservative treatment options; that is, a surgical 
approach to treatment may serve the patients with 
a score of more than 9 at best.

Conflict of Interest: None declared.
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