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Ankle fractures in athletes can be particularly challenging as
the patients will seek an accelerated recovery and quick
return to the sporting activity or playing field. Accordingly,
these authors assess key risk factors for these injuries,
review common classification systems and emphasize the

importance of proper rehabilitation and weightbearing.

By Damieon Brown, DPM, Lawrence DiDomenico, DPM, FACFAS, and

Michael VanPelt, DPM

ore and more people are in the
Mpursuit of becoming active and

staying fit. More often than not,
individuals tend to achieve this goal by
participating in sporting activities. |
Whether they are participating in intra- |
mural or competitive activities, these
athletes place a great demand on the
ankles and feet.

According to the National Collegiate
Athletic Association Injury Surveillance
System for 2000-2001, the ankle, knee
and lower extremity were common sites
of injury. The ankle joint is reportedly
one of the most common sports-related |
injuries clinicians see in emergency
rooms and private offices.! Of these vis-
its, ankle sprains make up 10 to 28 per-
cent and ankle fractures occur 4 to 15
percent of the time.** They account for
approximately 3 to 5 million injuries
occurring among competitive and
recreational athletes in the United
States, and cost nearly $1 billion annual- |
ly in treatment.’ |

More often than not, most ankle |
injuries are sprains or strains and tend to ‘
|
|

heal with conservative therapy. When
the athlete applies greater force on the |
ankle joint than the joint can resist, a |
fracture tends to occur. Although the ‘
reported incidence of ankle fractures in |
the athletic population is low, they tend
to lead to deleterious results.

Treatment of ankle injuries and frac- |
tures in the highly competitive athletes |
can be challenging because of the great |
demand placed on the ankle joint. |
Despite the tremendous amount of!
controversy, much attention has been |
focused on extrinsic and intrinsic risk |
factors for ankle injuries. Loss of play- |

ing time, decline in performance and
the expectation to return to pre-injury
status are areas in which athletes have
great concern.” Regardless of the com-
petitiveness, the margin of error for
accurate diagnosis and treatment of

| these patients is low.

When these athletes present with an
ankle fracture, one must assess and dif-
ferentiate between closed versus open

fractures and stable versus unstable frac- |

tures. Foot and ankle surgeons must also
identify injuries to other soft tissue
and/or osseous structures. After noting
all of the above, clinicians must imple-
ment radiographic evaluation to deter-
mine the extent of the injury. Surgeons
commonly use the Lauge-Hansen and
Danis-Weber classification systems to

describe ankle fractures, and employ the |

Berndt and Harty, and Salter-Harris
classification systems to assess the degree
of talar dome lesions and epiphyseal
injuries respectively.”

Accordingly, let us review these clas-
sification systems, risk factors for ankle
fractures, treatment options for ankle
fractures and their respective outcomes.
For this article, we will take a closer
look at managing the athletic patient
with a particular emphasis on rehabilita-
tion and early weightbearing.

A Guide To Key

Classification Systems

The Lauge-Hansen classification system
is the most widely used system to assess
ankle fractures.® This system helps the
physician visualize the mechanism of
injury, the ability to reproduce the frac-
ture, ascertain the anatomy involved and
ability to reduce the fracture. (See

' Here one can see a pfonationlal;duction
‘. stage 1 injury following a softball injury.

| Lauge-Hansen Classification System”
| on page 44.) This classification system
| was solely based on experimental cadav-
‘ eric studies and clinical experiences
with common fractures. The first term

|
| “What You Should Know About The
|

describes the position of the foot at the
time of injury while the second term
describes the direction of the patholog-
ic force on the talus. The staging in this
classification is as follows: supination-
adduction, supination-eversion (supina-
tion—external rotation), pronation-
abduction, pronation-eversion (prona-
tion-external rotation).®
The Danis-Weber classification sys-
| tem is the second commonly utilized
| system among surgeons when it comes
to identifying the degree of ankle frac-
tures. However, the use of this system
has increased in recent years due to the
ease of classifying the fracture. The basis
| of this system is classified on the fracture
pattern of the fibula and the integrity of

‘ the syndesmosis.

This classification recognizes Type
| A, Type B and Type C fractures.® With
a Type A fracture, the fracture line is
below the ankle joint level. These frac-
tures account for 14.8 to 27 percent of
all ankle fractures. Approximately 41
percent of ankle fractures are Type B
fractures, in which the fracture line is
at the level of the ankle joint. Type C
fractures, which involve a fracture line
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below the level of the ankle join
comprise about 20 percent of an
fractures.

The Berndt and Harty classificatio
is the most commonly accepted syste
clinicians use for describing tra
schondral lesions. The defect oft
results from a shearing of the dist
tibia and talar dome under compre
sion that is often secondary to an ankl
sprain or fracture. These types d
injuries are difficult to recognize 1
acute phase due to the similar presen
tation of an ankle sprain.

According to the Berndt and Har
classification, a stage 1 lesion is a trabec
ular compression fracture of subchon
dral bone; a stage 2 lesion is a parti
detached osteochondral fragment;
stage 3 lesion involves a completel
detached, non-displaced fragment; and
stage 4 lesion involves a detached an
displaced fragment.

In regard to assessing the degree @
epiphyseal fractures in pediatri
patients, the classification system pro
posed by Salter and Harris is the mosl
widely accepted (see “A Closer Loo
At The Salter-Harris Classificatio
System For Epiphyseal Fractures” o
page 46). The mean age for most phy
seal fractures is reportedly in the rang
of 1 to 16 years old with 10 years o
age being the average.

Key Considerations

With The Epidemiology
Chandler divided athletic activities
into two groups based on the potential
energy of injury: low-velocity sports
and high-velocity sports.” Low-veloci-
ty sports involve velocities less than 20
mph. These sports include track, swim-
ming, tennis, volleyball, basketball
football and baseball, and rely on
human propulsion for motion. Injuries
in this category are usually limited to
strains, sprains, simple non-displaced
fibula fractures and some simple bony
injuries. Therefore, it is best to handle
the aforementioned injuries with con-
servative care. Ice, elevation, taping and
aggressive rehabilitation program are
often sufficient. If there is a simple
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bony injury, one can usually treat this
with four to six weeks of casting or
bracing. Severe fracture-dislocation
problems are rare with these sports.
High-velocity sports are events such
as motor racing, downhill skiing, ice
hockey, snowboarding, horse racing and
skydiving. These sports involve velocities
greater than 20 mph and require the use
of machines and/or animals to produce
acceleration exceeding human capabili-

ties. Injuries in this category are gener- ‘

ally displaced, comminuted or open
fractures that involve other osseous
structures and require surgical interven-
tion followed by non-weightbearing.

Understanding The Impact

Of Extrinsic Risk Factors

In the literature, there has been great
emphasis on risk factors for ankle
injuries. Barker says the most common

risk factors are of great controversy.® |

However, a review of the literature does
appear to show some areas of common
thought with extrinsic and intrinsic risk
factors playing a major role."* Examples
of possible extrinsic risk factors include
the level of competition, skill level, shoe
type, use of ankle tape or bracing and

the playing surface. Intrinsic risk factors |
are things such as age, ankle joint laxity |

and a history of previous sprains.
When it comes to the level of com-
petition, Prager, et. al., performed a
prospective study of 598 high school
football players and found a greater
injury risk during games as compared
to practice.” According to the study, 53

games and scrimmages, whereas 28
percent occurred in contact drills and
19 percent occurred during warm-up
and non-contact drills. Most of the
injuries in this study were in the knee,
ankle and thigh regions.

Messina, et. al., related a greater num-
ber of injuries during games than in
practice.” Their prospective study includ-
ed 1,863 male and female high school
basketball athletes. The authors defined
injuries as those that resulted in a loss of
participation time with knees and ankles
being the most common injuries.
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Here is a post-op photo for a patient who had
Stage IV supination and external rotation due
to a volleyball injury.

Another study performed by Bahr
and Bahr looked at the mechanism and

and an increased risk of ankle sprain.

McKay, et. al., assessed elite and recre-
ational basketball players wearing shoes
with air cells in the heels and compared
these players to those who wore basket-
ball shoes without air cells."” They found
a fourfold increase in the incidence of
ankle injuries among elite and recre-
ational basketball players, and note this
may be due to rearfoot instability.

In regard to the effect of ankle brac-
ing, Tropp, et. al., performed an injury
prevention study with three groups:
one group that wore ankle braces, one
group that underwent ankle proprio-

| ceptive disk training and an unbraced
| control group." Results revealed that

incidence of injuries in 233 volleyball |

10

players.
dence of injuries during competition for

They noted an increased inci-

men but no difference for women.
According to their study, approximately
54 percent of all injuries sustained were
ankle sprains.

In regard to skill level, several studies
in this area have contradictory findings.
In separate studies,
Chomiak both found that young ath-
letes with decreased skill level displayed

Peterson

| a twofold increase incidence of injuries
percent of all injuries occurred during

compared with more skilled athletes.'"
However, Hosea, et. al.,, found an
increased incidence of ankle injury in
skilled athletes in comparison to athletes
with lower skill level.”

When it comes to the extrinsic factor
of shoe gear, Barret, et. al., performed a
prospective, randomized study on 622

both interventions reduced the inci-
dence of ankle sprains in comparison
with the control group.

Surve, et. al., studied the effect of
bracing in a study of 504 male soccer
players who had a history of ankle
injures.”” The two groups consisted of a
control group that included athletes

with a history of ankle sprains and no |

ankle bracing. The other group con-
sisted of athletes who wore ankle

| braces. The results revealed no differ-

ence in incidence of ankle sprains in
athletes without previous injury
between the un-braced control group
and the braced group.

Sitler, et. al., performed a prospective

| randomized study of ankle brace use in

and |

college intramural basketball players with |

a history of ankle sprains.' The authors
stratified these athletes to wear a new

pair of either high-top, high-top with |

inflatable air chambers or low-top bas-

| ketball shoes. They concluded there is no

strong relationship between shoe type

1601 military recruits playing intramu-
ral basketball.” They found that the
un-braced control group sustained
more ankle injuries in comparison to
the braced group.

When it comes to the possible extrin-
sic factor of playing surface, Powell stud-
ied National Football League (INFL)
athletes from 1980 to 1985 and found
an increased incidence of knee and
foot/ankle injuries on artificial turf."
Tartan Turf displayed the greatest inci-
dence of injury. This was followed by
Super Turf, Astro Turf and grass.

What The Literature Reveals
About Intrinsic Risk Factors
Backous, et. al., studied a group of youth
between the ages of 6 and 17 while they
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were participating in summer soccer
camp.” They reported that injury risk
doubled after athletes turned 14 years
old with the ankle being the most com-
mon of all injuries.

McKay, et. al., also looked at older
and younger athletes, and the risk of
ankle injury.” They found that younger
athletes were at increased risk of sus-
taining ankle injuries in comparison to
older athletes.

The literature appears to show
unclear relationships between ankle
joint laxity and ankle injury. Arnason, et.
al., studied elite male soccer players and
found no difference in the incidence of
ankle injury among those with
increased laxity based on anterior draw-
er and talar tilt test versus those without
joint laxity.* Beynnon, et. al., reported a
direct correlation between increased
talar wlt and the incidence of ankle
injury in male soccer and lacrosse ath-

letes.” Conversely, Barrett, et. al., did not
find a correlation between ankle joint
laxity and ankle injury." For this study,
the authors used the anterior drawer
and talar tilt tests.

Despite the inconsistency of risk fac-
tors, many authors have studied the
potential impact of a history of previous
ankle sprains. Baumhauer, et al., exam-
ined 145 college-age athletes before the
season started and measured anatomic
foot and ankle alignment, generalized
Jjoint laxity, ankle stability and isokinetic
strength.” They found that the eversion-
to-inversion ratio was significantly
greater for the injured group in compar-
ison to the non-injured group. They also
noted a higher incidence of inversion
ankle sprains in ankles with greater
plantarflexion strength and a smaller
dorsiflexion-to-plantarflexion ratio.

Ekstrand and Gillquist performed a
prospective study that involved 124 sen-

ior soccer males with a report of 256
injuries.” Out of the 62 percent of
minor lower-extremity injuries, the
most common was ankle sprains, which
occurred 17 percent of the time.

Essential Insights

On Rehabilitation

And Physical Therapy

All athletes, regardless of the level of
performance, will need the appropriate
physical therapy modalities and rehabil-
itative techniques to complete function-
al recovery from an ankle fracture.
Athletes who are at the competitive
amateur level or professional level will
need to return to their performance
level sooner than the weekend warrior.
Athletes whose career is based on their
performance and return to competition
will need complete rehabilitation. These
individuals have no financial constraints
as compared to some amateur athletes
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This intraoperative photo demonstrates reduction of the fibular fracture with the use of a

reduction clamp.

Here one can see a postoperative view of open reduction internal fixation.
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and recreational athletes.

There are three phases of rehabilita-
tion: the acute phase, the recovery phase
and the functional phase. Phase one is
the reduction of pain, inflammation and
edema while retarding muscle atrophy
of the lower extremity complex.
Improving range of motion is also a
major component in this acute phase.
Phase two involves improving range of
motion, improving lower extremity
strength, increasing neuromuscular con-

{ trol and regaining normal arthrokine-

matics (defined as function of the joint)
in single planes and triplanar motion of
the ankle. Phase three involves increas-
ing power of the lower extremity com-
plex, increasing neuromuscular control
in multiple planes of motion and utiliz-
ing sport-specific training for a full
return to sport.*!

A consideration with treating athletes
is that if the athlete is inactive after his
or her injury, the athlete loses training
adaptation. This means the athlete will
“detrain” as the individual’s physiologi-
cal function reverts to the normal
untrained state.” It is most essential that
the athlete remain active in some form
of alternative exercise or maintenance
program during the rehabilitative period
in order to maintain his or her mental

| and physical strength. Alternative activi-

ties include water running and weight
training of the upper extremity and the
noninvolved lower extremity. Any form
of maintaining aerobic capacity, neuro-
muscular coordination and muscle
strength will help reduce injury.
When it comes to ankle fractures in
competitive athletes who require full
function of their joints and motion,

| these individuals will need complete
| reduction with no malalignment. In

previous studies, authors have shown
that 1 to 2 mm of displacement of the
fibula can cause an increase in tibiota-
lar contact up to 42 percent. This can

| lead to increased arthrosis and pain,

which can reduce the longevity of

| playing careers.”

The trend is to perform open reduc-

| tion and internal fixation of the fracture
for early mobilization/rehabilitation,



urnat.von adduction consmurs 16 to 20 percent of all ankle fractures.
| | " Stage | accounts for 33 to 50 percent of supination adduction injuries.

Supination External Rotation

‘ Pronation Abduction

* Supination external rotation (SER) is the most common ankle fracture, accounting for 60 to 80 percent of ankle fractures.
* Stage | accounts for 1 to 31 percent of SER fractures.

* Stage Il is the most common SER fracture, accounting for 60 percent of SER fractures.
‘ | * Stage Ill accounts for 2.3 to 16.5 percent of SER fractures.

Transverse avulsion fracture

y Pronaﬂon abducr:on :njunes occur account for approx:mately 12 to 25 percent of all ankle fractures.

é Pronatlon External Rotatlon

especially when it comes to early season
injuries and reducing recovery time in
order to facilitate a return to mid-season
or end of the season play.

If an injury occurs at the end of the
season, the goal is getting an athlete fully
rehabilitated for offseason training. If the
| podiatrist manages the athlete surgically
‘ with open reduction and internal fixa-

tion, one may have the patient begin
‘ early partial weightbearing in a walking

boot with passive range of motion exer- |
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cises at one to two weeks postoperative-
ly. If you are treating professional athletes
or high level college athletes, one may
utilize bone stimulation in the postoper-
ative management regimen to increase
healing time.

The athlete can begin physical thera-
py at two weeks postoperatively with
phase one of rehabilitation exercises. The
first phase of rehabilitation will include

passive range of motion exercises and }

cryotherapy, which clinicians can initiate

immediately after surgery by having the
patient wear circulating cryotherapy
boots at the hospital or surgery center.
After the patient has met the goals of |
the first phase of rehabilitation, one may
proceed to the second phase, which is
usually initiated at three to four weeks
postoperatively. One must remember to
use pain as a guide in dealing with any |
type of rehabilitation procedure. In the
second phase, patients may initiate
strengthening with Theraband, range of
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A Closer Look At The Salter-Harris Classification

' Typel  Complete separation of epiphysis from the metaphysic with the line of fracture passing through the physis
~ Type IA J Complete separation of epiphysis from metaphysis between layers of chondrocyte hypertrophy and calcification
Type 1B Separation through layer of degenerative cartilage s (Y S =
' Type IC Crush injury damaging one side of physis ¥
| Type Il Fracture line through physis, exiting out of metaphysrs
, ;m'l‘_ﬁenl'lA Metaphyseal fragment attached to epmhysus penosieum intact on concave side of fracturo but torn on convex s;de
., Type IIB ; Metaphyseal fragment is free with torn periosteum T
Type lIC Thin layer of metaphysis present across physeal fragment
VType IID Compress:on agamst physrs at point fracture exits metaphysm e AR
‘ Type Il Fracture from articular surface to weak zone of physis and along plate to the periphery
Type A As described by Type_ mn 5
Type B Small Iayer of growing cells avulsed with epiphysis — 5 :
Tyoe IV Fracture from articular surface througn eﬁphysrs acroesfoﬁ}seal plate and exits through metaphysrs
Type VA As described by Type IV
| Type IVB-IVD Involves multiple fragments of epiphysﬁlrn_etaphysis A% E
Type V Severe crushing force through epiphysis, destroys a portion of or the entire physis
Type VI Avulsion of perichondral ring e ' D T s
' Type Vi Epiphyseal fragment avulsion fracture without physis
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motion exercises and proprioception ‘
exercises with a biomechanical ankle

platform system (BAPS). Advise these |
patients that when they use theraband,
they should use the least resistant bands
initially. Toward the end of the second
phase, the athlete should begin using a
wobble board to improve propriocep-
tion and begin closed kinetic chain
activities such as walking and loading.

In the sixth to eighth week post-op, |
the athlete should begin the third phase J
of rehabilitation, which involves ;
improving power, increasing neuromus- |
cular control and utilizing sport-specific
training of the lower extremity for a full
return to sport.”

In the functional phase of rehabilita-
tion, one may initiate plyometric
(defined as “used to restore force™) exer-
cises such as double-leg jumping, single | |
leg jumping, four-square hopping, use of |
a minitramp and running to cutting pro-
gressions.”* The athlete should continue

Podiatry Today ¢ January 2007

neuromuscular exercises and leg control
exercises in this phase as well. The hip
and leg control exercises involve hip and

| knee strengthening, one-legged stance

and agility drills. Sport-specific exercises
involving jumping, cutting and kicking
offer a final component to the rehabili-
tation process.*

In regard to the various physical ther-
apy modalities, such as iontophoresis,
ultrasound, contrast bathing and inter-
ferential stimulation, one should contin-
ue utilizing these modalities to reduce
swelling, pain and improve motion.
Protecting the injured extremity will be
very important in the later stages of
rehabilitation with taping and bracing.
When the athlete returns to full speed
activity, he or she should continue to
utilize a supportive device indefinitely.

In Conclusion
‘While there have been great strides in
the literature in identifying risk factors

| for lower extremity injuries, there also
| appears to be a considerable amount of
| inconsistency and controversy in this
regard. Researchers have done a great
| job in providing a comprehensive
‘ prospective review of extrinsic and
intrinsic risk factors for ankle injuries.
However, the weakness of the literature
fails to provide sufficient data on ankle
fracture incidence and treatment among
recreational and competitive athletes.
Most ankle injuries reported tend to
f be that of sprains and strains and less of
| fractures or dislocation, We believe the

incidence of ankle fractures among
recreational and competitive athletes is
much higher than reported.
‘ Therefore, future efforts should be
| focused on reporting ankle trauma in
| athletes. Once one has made the deci-
sion to operate, surgeons must make a
conscious effort to adhere to AO princi-
' ples: anatomic reduction, stable internal
| fixation, atraumatic technique and early
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|

Post-Op Management Of Ankle Fractures:

What You Should Know

T‘here are some controversies in regard to the postoperative management of ankle
f

ractures. One controversy is whether to begin early partial weightbearing versus

non-weightbearing. The standard postoperative management advised by the Association

for the Study of Internal Fixation after the internal fixation of ankle fractures is the use of

crutches without weightbearing. The majority of literature supports early range of motion
and protected weightbearing after anatomical reduction with stable internal fixation.

In previous prospective randomized studies on early weightbearing and mobilization of sur-
gically stabilized ankle fractures, Ahl, et. al., found that early active ankle movements with
the addition of weightbearing improve rehabilitation following the surgical repair of ankle
fractures.* His series of studies also showed an improvement in ankle dorsifiexion and
plantarflexion of the operated ankle at three and six months postoperatively with early
mobilization and weightbearing. Other benefits of early weightbearing and mobilization

 include a reduction of stiffness, swelling, muscle atrophy and disuse osteopenia. Once you

have decided how to treat the patient, then you can decide when to begin rehabilitation.
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b 4
range of motion. As noted above, athletes |

have an increased risk of “detraining” |
once they are inactive. Therefore, getting :
these athletes back on the field within a

timely fashion is imperative for most. ll |
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