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Abstract

Introduction: The fifth metatarsal fracture is a foot injury that occurs in sports activ-

ities. This fracture has been associated with risk factors based on intrinsic variables

such as type of feet (flatfoot or cavus foot), foot pathologies, and bone density among

others. Extrinsic variables associated with fifth metatarsal fractures include sports

maneuvers, the type of sports practice, and contact surface. Although this injury has

been investigated over the years, there is no consensus on the most relevant risk

factors that cause this injury. An increase in the number of people with fractures makes

it a relevant topic of research. The objective of this review was to identify an overview

of the risk factors for producing the fifth metatarsal fracture based on intrinsic and

extrinsic variables in sports activities. Furthermore, this review aimed to clarify what is

known and what is needed on the risk factors that can influence the appearance of the

fracture.

Methods: A search in electronic databases, such as Scopus (n = 87), PubMed (n = 187),

and Web of Science (n = 173) was conducted. The initial search yielded 447 titles and

abstracts, from which 31 papers were selected for detailed analysis after screening all

citations against the eligibility criteria.

Results: After screening the manuscripts, it was found that the fifth metatarsal fracture

can be produced by multiple factors. However, most of the studies focus on one or two

specific risk factors. It was found that soccer (38.7%) is the sports activity that presents

a higher risk of getting a fifth metatarsal fracture compared to other sports activities.

The second risk factor was the performance of critical maneuvers (22.5%) and the third

one was the biomechanics of the foot (22.5%).

Conclusion: It is paramount to identify the most critical risk factors linked to the fifth

metatarsal fracture to be able to implement effective treatments and prevention

strategies.
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1 | INTRODUCTION

The fifth metatarsal fracture is a common foot bone injury, which

occurs when the fifth metatarsal bone breaks. It is an injury that can

occur in people of all ages and levels of physical activity [1, 2]. As

described by Sir Robert Jones in 1902, the fracture of the fifth

metatarsal bone can be produced by a sprain of the foot. This injury

has been investigated formany years, and it can be classified according

to the location of the fracture. The fracture location zone mostly uses

the Lawrence and Botte's classification [3, 4]. It describes three zones:

zone 1, the tuberosity; zone 2, the metaphyseal–diaphyseal junction;

and zone 3, the diaphyseal area within 1.5 cm of the tuberosity.

Fractures through zone 1 are called pseudo‐Jones fractures, and

fractures through zone 2 are called Jones fractures [3–6].

Symptoms of a fifth metatarsal fracture may include pain in the

lateral part of the foot, swelling, and tenderness to touch. In some

cases, the person may also have trouble walking or bearing on the

affected foot [4–7]. In addition, the treatment for a fifth metatarsal

fracture depends on the severity of the injury. In mild cases, it may be

enough to rest the foot and apply ice and compression to reduce

swelling and pain. In more severe cases, it may be necessary to use a

cast or splint to hold the bone in place while it heals. In some cases,

surgery may be necessary to correct the fracture [1, 2, 4, 6, 8].

In sports, this injury is quite common, and it can be caused by a

variety of factors based on intrinsic and extrinsic variables, especially

in athletes who play high‐impact sports, and involve sudden changes
in direction and repetitive movements of the foot, such as soccer,

basketball, running, martial arts, and rugby [2, 9]. The intrinsic factors

are those related to the anthropometry and physical condition of the

people, such as the type of foot, density of the bone tissue, malfor-

mations, angular deviations of the bones, and so on. Conversely, the

extrinsic factors are not related to the anthropometry or physical

condition of the people, these risk factors are produced by high

impact loads in the foot, change of direction (cutting motions), falls,

footwear (soccer boots increase plantar loadings compared with

running shoes [10]), insoles (different designs and materials such as

carbon fiber [11]), or wrong physical execution (do not adhere

correctly to the technical gesture of the sports activity [12]). In the

athlete population, there has been an increment of participants with

a fifth metatarsal fracture [1].

The incidence of the fifth metatarsal fracture varies according to

the sport and the age of the athletes [2, 3]. In recent studies, fracture

of the fifth metatarsal accounts for 10% of all sports injuries and 25%

of foot injuries, with a higher incidence in men than in women, and

occurring more frequently in the dominant leg [2, 4]. Another risk

factor associated with the fracture of the fifth metatarsal is the

sudden change of direction [6].

Another study shows that the morphology of the foot, especially

the shape (varus/valgus foot alignment) can influence the appearance

of the fracture of the fifth metatarsal [13]. For example, athletes with

flat feet are at a higher risk of suffering this injury due to an

increased load on the outside of the foot. The type of feet is a

structural condition where the plantar vault is modified. The modi-

fication of this structure could affect the plantar pressure distribu-

tion and become a risk factor for the fifth metatarsal fracture [14,

15]. The type of feet can be detected through the analysis of the

morphology of the soles of feet as described by Ramos‐Frutos et al.
[16]. A higher incidence has also been found in athletes with inade-

quate running technique, such as an excessive pronation pattern [8].

Plantar pressure asymmetries have been considered a risk factor for

producing fifth metatarsal fracture. Azevedo et al., found that young

soccer players present higher pressure values in the fifth metatarsal

bone and the hallux in the non‐preferred foot during static condi-

tions. This could be a risk factor for producing stress fracture of the

fifth metatarsal bone [9, 17].

Although there is relevant information on the incidence of

fracture and pathology in sports, there is no consensus in the sci-

entific community on the risk factors (intrinsic and extrinsic

TAB L E 1 Search equation used for the literature review.

Search equation

Fifth
AND

metatarsal

AND

Fracture
AND
(Sport OR risk AND factors)

AND NOT

(“case study” OR “Case report” OR surgical)

F I GUR E 1 Search method flow diagram created based on the
Guideline Cochrane Collaboration [18] and PRISMA

methodology [19].
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variables) in sports associated with the appearance of this injury. A

systematic review was conducted to systematically map the intrinsic

and extrinsic variables to produce the fifth metatarsal fractures, as

well as to identify any existing gaps in knowledge of this injury. The

following research question was formulated: What is known from the

literature about the risk factors for producing fifth metatarsal frac-

ture based on intrinsic and extrinsic variables in the athlete

population?

2 | MATERIALS AND METHODS

2.1 | Study design

The protocol was written using as reference the guideline of the

Cochrane Collaboration [18] and the PRISMA 2020 statement: an

updated guideline for reporting systematic reviews [19], file number

CRD42024520696.

2.2 | Inclusion and exclusion criteria

The following inclusion and exclusion criteria were considered to

determine which investigations should be included in the review. As

inclusion criteria, peer‐reviewed journal papers were included if they
were related to the risk factors of the fifth metatarsal fracture,

published between the period of 2000–2023, written in English or

Spanish, involved observational studies with sawbones models or

finite element method, randomized clinical trials and controlled

clinical trials, biomechanics of foot and pathologies, and stress frac-

tures of the foot in sports. Papers were excluded if they did not fit

into the main conceptual framework of the study, letters to the ed-

itor, commentaries, expert opinions, editorials, and other non‐original
studies, case studies, or case reports, papers presenting treatment,

management, and surgical procedures, and research published in

other languages different from Spanish or English.

2.3 | Search strategy

To identify potentially relevant documents, the following electronic

databases were searched from 2000 to 2023: Scopus (n = 173),

PubMed (n = 87), and Web of Science (n = 187). The search strate-

gies were created to achieve a high‐sensitivity search, the terms

indicated were collected and sorted into the search equation shown

in Table 1. The search equation gave a total of 447 papers from the

different databases. The search was conducted in 2023.

We considered the following definitions: associated factors refer

to variables correlated with a particular outcome or condition but do

not necessarily have a causal relationship. On the other hand, risk

factors are variables associated with an increased likelihood of

developing the outcome or condition being studied. However, for this

research, the revision evidenced that the scientific community doesT
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not distinguish between risk and associated factors for the incidence

of fracture of the fifth metatarsal. Then, all factors were considered

as risk factors even though some of them are associated factors by

definition.

Two authors reviewed the search findings related to the risk

factors of the fifth metatarsal fracture. If the outcomes were not

clear during the data extraction, the whole research group partici-

pated to have consensus. All references were manually evaluated,

and those manuscripts that might be incorporated were also

reviewed and obtained. After reviewing the three databases, 148

duplicate manuscripts were removed, having a number of 299 arti-

cles for the analysis. The title and abstract of the remaining articles

were reviewed, and then, 237 articles were excluded because they

were not fully related to the aim of the review. Finally, the process of

selecting papers remained in this systematic review with 33 articles.

However, due to the unobtainability of two articles, a total of 31

records were considered for deeper analysis, Figure 1.

2.4 | Synthesis of information and management of
search results

Two reviewers screened all publications, discussed the results, and

planned the screening for this review. Moreover, if there were doubts

about something, any research regarding the inclusion and exclusion

criteria was cleared up by all authors. All references added were

manually evaluated, and the articles that were incorporated were

also reviewed and obtained. A data‐charting form was developed by

all reviewers to determine which variables to extract from the

manuscripts. Then, two reviewers independently reviewed the arti-

cles, discussed the results, and continuously updated the data‐
charting form by an iterative process. In addition, the risk of bias

assessment was analyzed using the tool Review Manager (RevMan)

of the Cochrane Library.

3 | RESULTS

3.1 | Summary of the investigations

A total of 4118 cases were studied, from experimental analysis with

test subjects, retrospective case studies, and evaluations in cadaveric

foot specimens. Concerning the type of studies found, most of them

were observational, experimental, and retrospective or longitudinal

cohort studies. The range of ages of the subjects considered in the

studies was between 19 and 30 years.

From the analysis of the review, 12 articles (38.7%) agree that the

practice of soccer is the main factor associated with the appearance of

the fracture. This sports activity is the most practiced around the

world, the foot supports too much stress, and this could represent a

risk factor for producing the fifth metatarsal fracture [2, 9, 17, 20–28].

On the other hand, seven articles (22.5%) state that the fracture could

be related to the performance of sports maneuvers [9, 27, 29–33],

three (9.6%) with the footwear (soccer boots increase plantar loadings

comparedwith running shoes) [9, 10, 20], four (12.9%) with the phases

of gait (toe off phase) [11, 22, 34, 35], seven (22.5%) with the

biomechanics of the foot (interactions of loadings with the structure

or musculoskeletal disorders of the foot) [20, 22, 26, 36–39], one

(3.2%) with the anatomy of the fifth metatarsal bone [21], two (6.4%)

associated with the range of motion of the hip (internal rotation) [20,

40], two (6.4%) with the playing surface (synthetic or natural field) [20,

41], one (3.2%) with the anthropometric characteristics of the subject

[20], two (6.4%) with the use of orthoses or insoles (different designs

and materials such as carbon fiber) [11, 33], one (3.2%) to the age [23],

one (3.2%) to the anatomy of the soft tissue connected to the fifth

metatarsal bone [42], four (12.9%) to foot morphology [26, 43–45],

and one (3.2%) to ankle morphology [24].

Technical aspects of the articles investigated show a high inci-

dence of research groups toward measurements with plantar pres-

sure to determine the risk of presenting a fracture of the fifth

metatarsal. However, other studies use radiographic measurements

to estimate the occurrence of this injury. The main findings of this

systematic review are presented in Table 2 and the net chart in

Figure 4.

The level of risk of bias of the 31 articles was performed in the

Review Manager (RevMan) system of the Cochrane Library (version

v.5.5). Few studies presented a low risk of bias (green color), in most

of the cases, evaluating the risk of bias was not possible or the in-

formation was not clear (yellow color). Few of the articles presented

a clear high risk of bias (red color). All data are shown in Figures 2

and 3. The meta‐analysis was not possible to perform because of the

heterogeneity of the incorporated works.

A more in‐depth analysis of the results allows us to observe that
although the implications of various factors have indeed been

F I GUR E 2 Analysis of the risk of bias of the studies included. (1) Green (low risk), (2) yellow (unclear risk), and (3) red (high risk).
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observed, there is still a lack of knowledge in the understanding and

classification of the risk factors of the fifth metatarsal fracture.

Figure 4 shows the findings in the research related to intrinsic and

extrinsic risk factors associated with the appearance of the fifth

metatarsal fracture. It can be observed that no information reports

the kinematic effect of sports maneuvers in the stress of the fifth

metatarsal bone. It is known that sports maneuvers affect the plantar

pressure of the foot, but nobody reports the kinematics parameters

and the biomechanics of the foot that could be risk factors for the

incidence of the fifth metatarsal fracture [2, 9, 17]. It was found that

soccer, sport maneuvers, and foot biomechanics were the most

relevant risk factors for the fifth metatarsal fracture, Figure 4.

4 | DISCUSSION

In the network diagram shown in Figure 4, it can be seen that in

reality, the fracture is due to the combination of multiple factors as

previously mentioned. This implies that the prevalence of this injury

is multifactorial. The studies analyzed in this systematic review show

a combination of several risk factors, the most studied being the

practice of soccer, sports maneuvers, and foot biomechanics.

To the best of our knowledge, this work is a novel systematic

review in the analysis of the risk factors of the fifth metatarsal

fracture. Although there are several studies about the fracture, most

of them focus on a single or particular risk factor [9, 10, 17, 23, 25,

27–34, 36–45]. This study focused on the relevant published litera-

ture that exclusively evaluates the available scientific knowledge on

the risk factors associated with the occurrence of fifth metatarsal

fracture. We have found that fractures of the base of the fifth

metatarsal are common in athletes in general and that they consti-

tute a significant proportion of foot and ankle fractures. Further-

more, these fractures are associated with a prolonged recovery and a

high rate of refractures, which affects time to get back to sport and

work. Most studies have focused on the treatment of these fractures

in athletes, but few have investigated the prevalence in the general

population [1, 2, 6, 31].

Due to the apparent heterogeneity evaluated between risk fac-

tors and fracture incidence, the type of fracture, the population

studied, the outcome measures, and the analysis of available studies

with different risk factors, the investigations can be classified based

on whether these factors depend on the morphological and

anatomical conditions of the subject (intrinsic variables) or if they

depend on external conditions (extrinsic variables). It was detected

that the research showed a greater relationship with the intrinsic

variables, without leaving aside the extrinsic variables. In this sense,

it is important to note that there is no consensus among researchers

to define the most critical risk factor for producing the fifth meta-

tarsal fracture. Therefore, it is evident that this injury occurs due to

multiple factors, and in some cases, the intrinsic factors could be

more significant.

Based on the findings of Shuen et al., it was found that among the

athletes who were presented the fifth metatarsal fracture, the

players of soccer were the ones who had higher rates of incidence in

comparison to others. In this study, they considered the following

sports: aerobics, badminton, basketball, soccer, gymnastics, hockey,

F I GUR E 3 Risk of bias summary in the studies. (1) Green (low
risk), (2) yellow (unclear risk), and (3) red (high risk).
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kick‐boxing, martial arts, rugby, running, skate‐boarding, and squash

[2]. In addition to this, we also know that there are two main factors

associated with this injury: the biomechanics of the foot referred to

as foot pathologies or alterations such as pes cavus and sport ma-

neuvers [38, 45]. On the other hand, an extrinsic variable factor is

also associated, such as the maneuvers performed during sports

practice such as jumping, acceleration, and changing direction.

It is worth mentioning then that although these factors are the

most studied in the literature, it does not mean that they are decisive

for whether or not the fracture of the fifth metatarsal due to stress

appears. However, it does give us an idea of where the research

should be directed or find possible gaps in it that can complement the

information related to the injury described. In matters of foot

biomechanics, some authors have already carried out research trying

to find what pathology or morphology can influence the plantar

pressure overload in the area of the fifth metatarsal. Although this is

not a parameter that guarantees that a fracture will occur in the

future, it is an adequate measurement to infer that it may be a risk

factor [17].

As for the other factor (extrinsic variable), we can mention that

the research carried out concludes that these sports maneuvers can

be an important risk factor for producing the fifth metatarsal fracture

[27]. Miyazaki et al. carried out an analysis of how the athlete, when

executing these sports maneuvers, increases the distribution of

plantar pressure in the area of the fifth metatarsal, and using the

finite element method, transfers that pressure to forces in the bone,

which may or may not reach to exceed the yield limit of the material

causing a stress fracture [27].

In a deeper analysis of the research made by Miyazaki et al. [27]

we can identify that although the kinematic parameters of the foot

are measured to generate the model using the finite element method,

there is still an area of opportunity to explore the kinematics of the

whole‐body structure and how this can influence the plantar pres-

sure distribution of the fifth metatarsal area. In other words, does the

kinematics of the body structure during the execution of sports

maneuvers such as jumping, acceleration, and change of direction

influence the plantar pressure distribution of the fifth metatarsal

area? In such a way, this could be a risk factor associated with the

appearance of the fracture. Saita et al. [40] described that the in-

ternal rotation of the hip could be considered as a risk factor for the

appearance of the fifth metatarsal fracture. We believe that the ki-

nematics of the body structure is associated with a greater risk of

developing a stress fracture of the fifth metatarsal, since it is a

modifiable factor, by measuring, monitoring, and improving it, we can

prevent the occurrence of this injury.

Likewise, highlights certain limitations of the down available

current scientific evidence, consequence to the heterogeneous

methods applied in these original studies that including in this

F I GUR E 4 Network chart of the intrinsic and extrinsic risk factors of the fifth metatarsal fracture.
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systematic research, which did not offer the opportunity to carry out

a meta‐analysis. In addition, in future investigations, it should also

be examined how these biases might affect the reliability of their

results and, consequently, the validity of the pooled findings in this

review.

Finally, the present systematic review gives helpful information

to fifth metatarsal fracture researchers and podiatrist clinicians that

investigate regarding the implementations of effective treatments

and prevention strategies.

5 | CONCLUSIONS

This research therefore shows that in terms of the incidence of fifth

metatarsal fracture, it is due to multiple risk factors at work when

trying to find the epidemiology of this injury occurring in the athletic

population. In conclusion, the scoping review on fractures of the fifth

metatarsal has provided valuable information on the prevalence,

treatment, and complications of these fractures in athletes and the

general population. However, there are challenges in the manage-

ment and treatment of these fractures, as well as areas of opportu-

nity for research in identifying risk factors and preventing them.

More research is needed to improve the understanding of these

fractures and develop more effective treatment and prevention

strategies.
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