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Football Sports Medicine

Introduction

In American football, players complete explosive, shifting 

movements and participate in high-energy collisions with 

other players. Trauma to the foot and ankle in football play-

ers is common, with an estimated incidence as high as 20% 

to 30% of all football-related injuries [44,56,61,70,79]. 

Presentation of these injuries varies widely, and they require 

specific treatment and rehabilitation protocols. This article 

highlights the standard surgical and conservative treatment 

options for the most common foot and ankle injuries in 

American football: lateral ankle sprains, ankle fractures, 

Lisfranc injuries, Achilles tendon tears, turf toe, and fifth 

metatarsal fractures [25,44]. We also offer techniques to 

consider when surgical and conservative management is 

appropriate, with supporting outcome data. Understanding 

how to diagnose and treat the different types of football-

related foot and ankle injuries allows for effective manage-

ment as well as quick and safe return to play.

Lateral Ankle Sprains

A retrospective chart review of 2285 players who partici-

pated in the National Football League (NFL) Scouting 

Combine from 2009 to 2015 found that 1242 (86%) players 

experienced ankle sprains [44]. Lateral ankle sprains, 

among the most common, involve damage to the lateral 

ligamentous complex of the ankle—consisting of the ante-

rior talofibular ligament (ATFL), the posterior talofibular 

ligament (PTFL), and the calcaneofibular ligament (CFL)—

and occur when a supination force is applied to a plan-

tarflexed foot [44]. The high incidence of these sprains in 

elite athletes can be partially attributed to the relative weak-

ness of the lateral ligamentous complex along with the 

ankle’s natural tendency to invert [17]. The most common 

soft tissue injuries reported was to the ATFL (n=158, 12.7% 

of sprains) [44]. This is thought to be the result of the ATFL 

being maximally stretched during inversion of a plan-

tarflexed foot as well as the ATFL outputting the lowest 

load tolerance at around 150N [17,29,64]. Furthermore, 

patients with a history of lateral ankle sprains are at 3.5 

times greater risk of re-injury. Regardless of initial treat-

ment, multiple sprains can cause lasting damage to the lat-

eral ligaments and potentially lead to chronic lateral ankle 

instability (CLAI).

Proper diagnosis of lateral ankle sprains is essential, as it 

is associated with a better prognosis and return to play time. 

Athletes with lateral ankle sprains often report sudden 

twisting of the ankle joint, lowered weightbearing ability, 

and the ability to identify the painful spot on palpation [17]. 

All bony structures and lateral ankle ligaments should be 

palpated for tenderness. If the patient does not feel pain 

upon palpation of the ATFL, it is likely that there is no 

apparent rupture of the lateral ligaments [67,68]. The 2 

most common manual stress tests for the ankle are the ante-

rior drawer test and the talar tilt test. The anterior drawer 

test assesses the stability of the ATFL, with differences of 5 

mm between the ankles or a displacement of more than 10 

mm in injured ankle marked as indications of instability. On 

the other hand, the talar tilt test assesses the inversion stress 

of the CFL, with differences between the ankles of 5° or 

more than 10° of tilt in the injured ankle as indications of 

instability. If both ecchymosis and either palpatory pain or 
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positive stress are present, the patient most likely sustained 

a partial ligamentous rupture to their lateral ligamentous 

complex [67,68]. However, manual stress tests in the acute 

phase are less reliable because of inhibitory swelling and 

pain. Therefore, delayed physical examination is more reli-

able and thus considered the gold standard for diagnosing 

acute lateral ankle injury [67,68]. While there has been sub-

stantial research on the validity and techniques of these 2 

manual stress tests, further research on subtalar stress tests 

is warranted to improve clinical outcomes.

Ankle microinstability has recently been described as a 

form of mechanical ankle instability (MAI) following dam-

age to the ATFL’s superior fascicle [69]. Mechanical ankle 

instability is defined as laxity of the ankle that results from 

damage of the ligamentous tissue supporting the ankle joint 

and leads to the ankle joint exceeding the normal physiolog-

ical range of motion [22]. These injuries can be difficult to 

diagnose, as clinical evaluations can be misleading; anterior 

drawer and talar tilt tests cannot recognize microinstability, 

and patients only present symptoms of intraarticular inju-

ries such as osteochondral lesions of the talus (OLTs) [69].

Lateral ligament injuries are usually managed non 

operatively. Conservative management consists of protected 

mobilization in a controlled ankle motion (CAM) boot, 

brace, or wrap, followed by physical therapy, nonsteroidal 

anti-inflammatory drugs, and anti-edema measures such as 

rest, ice, compression, and elevation (RICE). Given the fre-

quency with which inversion sprains occur and the relative 

infrequency of symptoms requiring an operation, 80% to 

85% of patients can be managed conservatively with good 

results and minimal disability [71]. Patients for whom con-

servative treatment fails and/or who have CLAI may require 

surgery, with techniques ranging from direct repairs to ana-

tomic and non-anatomic reconstructions. Variations of pro-

cedures using anatomic repair yield good to excellent results 

in 85% of patients [5].

Return to play after a modified Brostrom repair has been 

reported to be an average of 77 days (approximately 2.5 

months) for athletes with isolated injuries, and 105 days 

(approximately 3.5 months) for athletes with concomitant 

injuries [75]. However, because there are limited articles 

looking specifically at return to play following a modified 

Brostrom repair for lateral ankle sprains [38], further 

research is warranted.

Ankle Fractures

“Ankle fracture” refers to any fracture that occurs in the 

distal tibia, the distal fibula, and the talus. These injuries 

can be caused by sharp inversion or eversion of the ankle 

joint or a high-energy trauma from a fall or tackle [77]. 

While ankle fractures in the general American population 

occur at an incidence rate of 184 per 100,000, ankle frac-

tures comprise 7% of all sport-related fractures and have 

been reported to consist of 9.5% of all ankle injuries among 

participants at the NFL Combine [44,62,74].

Ankle fractures can coincide with damage to surround-

ing structures, such as the deltoid ligament and the ankle 

syndesmosis, a fibrous joint connecting the distal tibia to 

the distal fibula, that can affect ankle stability [36,54,80]. 

Approximately 10% of all ankle fractures and 20% of inter-

nal fixations lead to syndesmotic injury [27,51].

Given the variance of rotational and impaction trauma 

that can occur in the event of an ankle fracture, several sys-

tems have been developed to differentiate these injuries. 

While the Lauge-Hansen and Danis-Weber classifications 

are popular among physicians, the most common system 

used in clinical practice is the anatomical classification, 

which categorizes fractures based on their position relative 

to the tibia, fibula, and talus [20,77]. Subgroups within this 

system include isolated medial malleolus fracture, isolated 

lateral malleolus fracture, bimalleolar ankle fracture, and 

trimalleolar ankle fracture. Isolated malleolar ankle frac-

tures are the most common, accounting for roughly 70% of 

all ankle fractures yearly [14,77]. Bimalleolar fracture inci-

dence is around 20%, while trimalleolar fractures consist of 

7% of all ankle fractures [14]. Trimalleolar fractures typi-

cally showcase the most cartilage injury and have the high-

est risk of post-traumatic arthritis [35].

Ankle fracture surgery is one of the most common surgi-

cal procedures among professional football players [11]. 

Determining whether conservative or surgical treatment is 

appropriate, however, depends on the joint’s stability and 

bone alignment [52]. A stable fracture with no bone frag-

ments or malalignment can be treated nonoperatively with a 

closed reduction and/or immobilization in a CAM walking 

boot for 6 weeks. The competency of the deltoid is critical 

in determining if an ankle fracture is stable or unstable. In 

most cases for stable ankle fractures, partial weight-bearing 

is allowed immediately in the CAM boot. After 6 weeks, the 

patient can transition toward full weightbearing without the 

CAM boot and return to sports and physical activities 

around 3 to 4 months.

Open reduction and internal fixation (ORIF) is standard 

for patients with more serious fractures and is ideally per-

formed as soon as possible to reduce the risk of infectious 

wound complications [60]. Patients remain immobilized 

and non-weight bearing in a splint for 2 weeks after surgery 

followed by a transition into a CAM walking boot if a stable 

fracture pattern is observed. Partial weight-bearing can 

begin at 4 to 6 weeks with full weight-bearing at 6 to 8 

weeks. By 3 to 4 months, patients can return to physical 

activity and sports.

Lisfranc Injuries

Lisfranc injuries, when one or more ligaments supporting the 

midfoot are torn, can range from stable and non-displaced 
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ligamentous injuries to more severe midfoot fractures or 

dislocations [31,73]. Lisfranc injuries are often seen in foot-

ball players when one player lands on the back of another 

player’s foot in the plantarflexed position or when a plan-

tarflexed foot is axially loaded and abducted or rotated [3]. 

They can be difficult to treat in sports.

While Lisfranc injuries are relatively uncommon in the 

general population, comprising around 0.2% of fractures, 

they are more prevalent collision sports, affecting around 

1.8% of collegiate football players participating in the NFL 

Combine [3,40].

Lisfranc injuries have been associated with high-energy 

trauma such as motor vehicle accidents, and thus most stud-

ies have focused on such. However, more subtle and low-

energy Lisfranc injuries have been increasingly reported in 

athletes and can be challenging to diagnose without 

advanced imaging [43]. It is commonly misdiagnosed as a 

sprain. When not properly treated, unstable Lisfranc inju-

ries can result in cartilage damage and persistent instability 

of the arch, leading to arthritis and flattening of the foot, 

respectively.

Patients suffering from low-energy Lisfranc injuries tend 

to present with pain and swelling, absence of foot defor-

mity, and a maintained ability to walk. They may hear a pop 

in their midfoot at the time of injury and experience pain 

while weight-bearing that subsides over time. Indications of 

Lisfranc injuries include plantar ecchymosis of the midfoot, 

pain on palpation or manipulation of the tarsometatarsal 

(TMT) joints, and altered sensitivity in the first intermeta-

tarsal space [2]. The “piano key test,” in which the head of 

the affected metatarsal is moved while holding the midfoot 

and hindfoot in place, can be used to identify the affected 

TMT joint. Additionally, a “positive gap,” an increased dis-

tance between the base of the second metatarsal and the 

medial cuneiform, is a predictor of instability [43]. As part 

of the workup for Lisfranc injuries, the patient should 

receive radiographs on both feet, preferably weightbearing 

radiographs. Recently, an angle of 28.9° in the anteroposte-

rior (AP) radiograph has been reported to enhance visual-

ization of the Lisfranc joint [55]. If there is proximal first 

webspace diastasis or a stepoff of the first TMT joint on the 

AP or lateral X-ray, surgical intervention should be 

considered.

Surgical treatment is advised to achieve anatomical 

reduction if there is any displacement [3]. One study found 

that patients with Lisfranc injury who underwent an open 

reduction/internal fixation (ORIF) surgery had less arthri-

tis and better AOFAS midfoot scores 7 years postopera-

tively, supporting the concept that stable anatomical 

reduction leads to good long-term outcomes [30]. Beyond 

standing radiographs, standing computed tomography 

(CT) scans, magnetic resonance imaging (MRIs), and 

stress X-rays have been helpful to delineate the instability 

of this area. Greater than 2 mm of displacement should not 

be tolerated. It is advised to wait for soft tissue swelling to 

subside before surgery [3]. The definitive treatment for 

surgical patients usually involves an ORIF, although per-

cutaneous pinning and primary arthrodesis have also been 

proposed. We recommend bridge plating of an unstable 

first TMT and screw fixation of intercuneiform instability 

to preserve joint cartilage and maintain alignment [21]. 

After surgery, patients should be immobilized in a splint 

for 2 weeks, and then placed in a non-weight bearing 

walker boot for 4 weeks. At that point, weight bearing can 

be advanced. Return to play usually occurs at 5 to 6 

months, depending on the degree of injury. Hardware 

removal should occur no sooner than 5 months after the 

index procedure based on symptoms rather than a premed-

itated routine.

Achilles Tendon Ruptures

Achilles tendon (AT) ruptures are one of the most common 

tendon injuries in adults, occurring in competitive athletes 

at a rate of 18 per 100,000 person-years [49]. Most AT rup-

tures occur in the following positions: dorsiflexed foot with 

triceps surae contraction, pushing off a weight-bearing foot 

during knee extension, and dorsiflexion on a plantar-flexed 

ankle [66,78]. In football, this commonly occurs when play-

ers explode forward out of a backpedaling position. Due to 

its prolonged recovery, requiring up to 1 year of rehabilita-

tion regardless of treatment type, AT ruptures can be career-

ending injuries for professional athletes. Football players 

are at an increased risk of sustaining AT ruptures due to the 

frequency and force with which they load the AT during 

rapid acceleration and changes in direction during play 

[78]. In a study analyzing AT ruptures in professional foot-

ball players during the 2010 to 2015 NFL seasons, 26% of 

players were not able to return to play, and those who did 

took an average of 9 months from the time of injury to 

recover [47]. Additionally, they found a net decrease of 

22% in power ratings over 3 years following players’ return 

to sport after AT rupture [47].

Risk factors for acute AT ruptures include male sex, par-

ticipation in sports requiring an eccentric load of the AT, 

and use of anabolic steroids and fluoroquinolones [63]. At 

the time of injury, patients often describe hearing a “pop” 

sound or experiencing a feeling of being kicked in the back 

of the ankle. Diagnosis is made on the presence of a positive 

Thompson test, and a gap in the tendon as confirmed on an 

MRI. While the Thompson test has generally high accuracy, 

routine imaging is usually not needed except in equivocal 

cases [48].

AT ruptures can be managed either conservatively or 

surgically. Conservative treatment consists of 2 weeks of 

immobilization and then an accelerated rehabilitation proto-

col [76]. While the recovery period of non-surgical treat-

ment is lower and avoids the risks of surgical complications, 
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it is associated with higher re-rupture rates (12.6% vs 3.5% 

with surgical treatment) and decreased regain of calf 

strength (10 to 18% loss) at 18 months postoperatively 

compared to patients undergoing surgical treatment [28,49]. 

Therefore, elite athletes who wish to return to sport follow-

ing AT rupture undergo surgical treatment.

In our practice, we use a minimally invasive open repair 

technique for the surgical treatment of acute AT ruptures; 

infection rates of less than 1% can be expected.

Turf Toe

“Turf toe” refers to a plantar capsule-ligament sprain of the 

hallux metatarsophalangeal (first MTP) joint [9]. In football 

players, turf toe injuries often occur during a tackle, upon 

application of an axial load to the heel of a plantarflexed 

foot while the first MTP is extended [59,65]. The mecha-

nism of injury is similar to that of Lisfranc injuries. A retro-

spective 5-year analysis of National Collegiate Athletic 

Association football players demonstrated an incidence rate 

of 0.062 per 1000 with an average of 5 turf-toe injuries per 

team per year [19].

Injury severity can range from partial to complete disrup-

tion of the plantar tissues, depending on the force of the injury 

as well as the position of the hallux at the time of impact. The 

most common variation results from a valgus-directed force 

[1], resulting in injury to the plantar medial complex or tibial 

sesamoid that can lead to hallux valgus deformity.

Turf toe injuries are classified into 3 grades. Grade 1 

injuries refer to a ligamentous complex sprain in which the 

first MTP joint remains competent and able to resist dorsi-

flexion. Players with grade 1 turf toe injuries can be treated 

with symptomatic management and expected to return to 

sport within a week. Grade 2 injuries refer to partial liga-

mentous tears with symptoms including moderate swelling 

and restricted motion. Grade 3 injuries refer to complete 

ligamentous tears, with complete disruption and weakness 

in the plantar structures and instability during hallux flex-

ion. Surgery is often indicated for grade 3 injuries with 

recovery taking up to 5 to 6 months.

Regardless of injury grade, early treatment for all turf toe 

injuries consists of anti-edema measures such as RICE and 

anti-inflammatory medications [13]. Patients experiencing 

grade 1 injuries can usually return to competition as toler-

ated. After anti-edema measures, the great toe should be 

taped in a slightly plantar-flexed position. Upon return to 

sport, the patient should use a stiff-soled shoe with either a 

turf toe plate insert or a custom orthotic with a Morton’s 

extension to limit hallux motion. For patients with grade 2 

injuries, in addition to symptomatic management, a walking 

boot and protected weight-bearing may be required. The 

patient should be monitored in the early phases of recovery 

to make sure the deformity does not progress with athletic 

activity. Patients with grade 2 injuries should also be 

advised to use footwear with a turf toe plate or Morton’s 

extension. For patients with grade 3 injuries, the first MTP 

should have 50º to 60º of painless passive dorsiflexion 

before attempting to run or do any form of explosive activ-

ity [45].

Surgical intervention is required in less than 2% of turf 

toe injuries but should be considered for cases of large cap-

sular avulsion with instability in the first MTP joint, diasta-

sis of bipartite sesamoid or sesamoid fractures, retraction of 

sesamoids, traumatic bunion formation, a positive vertical 

Lachman’s test, or chondral injuries or loose bodies [1,19]. 

Regarding surgical technique, the type of incision used is 

left to the surgeon’s discretion. Options include a dual inci-

sion technique, plantar medial, medial, and plantar lateral, 

or a “J” configuration incision [39]. Regardless, the surgeon 

must take care to identify and protect the plantar medial 

digital nerve. Next, the degree and extent of soft tissue 

injury must be assessed. Surgical techniques and variations 

for different cases of turf toe injuries have previously been 

described in the literature [1,18,37,39,45].

Postoperative management consists of gentle passive 

motion under supervision starting at 7 to 10 days after sur-

gery. The patient should remain non-weightbearing with the 

hallux protected for 4 weeks, after which time the active 

motion of the first MTP joint may increase. Return to con-

tact activity can occur at 4 to 5 months postoperatively, and 

full recovery should be expected to take 6 to 9 months [1].

Jones Fracture

In 1902, Sir Robert Jones reported on 6 patients with indi-

rect fifth metatarsal fractures that occurred “as a cross 

breaking strain directed anteriorly to the metatarsal base 

and caused by body pressure on an inverted foot while the 

heel was raised” [23]. Before that time, it was believed that 

metatarsal fractures were the result of direct trauma [46]. 

Nowadays, fifth metatarsal base fractures are commonly 

referred to as “Jones fractures.”

There is, however, historical inconsistency as to what 

“Jones fracture” refers to. Michalski et al [41] recently 

reported poor inter-rater reliability among American 

Orthopaedic Foot and Ankle Society surgeons in locating a 

Jones fracture along the proximal fifth metatarsal and decid-

ing upon a preferred management strategy. Using Lawrence 

and Botte’s 3-zone classification system of the fifth meta-

tarsal base, with its recommended implication on treatment 

strategy [4,12,32], Jones fractures are defined as fractures 

to the proximal metadiaphyseal region in zones 2 and 3.

Proximal fifth metatarsal fractures are among the most 

common foot fractures, with an incidence rate of 21 to 46 

per 100,000 persons per year (0.021 to 0.046%) [16,50]. 

Incidence among football players, however, is significantly 

higher: 86 Jones fractures were identified in 83 athletes out 

of 4738 participants (incidence rate of 1.8%) in the NFL 
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Combine, and 42 Jones fractures were identified during the 

2010 to 2015 NFL seasons [34,47].

Pettersen et al [50] found that union rates for 834 nonop-

eratively treated proximal fifth metatarsal fractures were 

97.3% for zone 1, 96.8% for zone 2, and 92.5% for zone 3. 

In addition, Josefsson reported a rate of union over 95% 

with satisfactory long-term functional outcomes by cast 

immobilization [24]. However, more recent studies have 

reported several disadvantages of nonoperative treatment 

with a cast, such as a prolonged immobilization and pro-

tected weight-bearing, as well as a decreased union rate 

compared to surgical treatment [7,33,42]. In our practice, 

we recommend weight bearing as tolerated in a CAM 

walker boot instead of a cast for 6 to 8 weeks, followed by 

a return to sport and physical activity at 3 to 4 months.

Nonoperative management is viable for most patients, 

but surgical fixation is recommended for athletes due to 

improved union rates, decreased complication rates, and 

shorter return to play times [7,12,42]. Zone 2 fractures in 

elite athletes should be treated with surgery over nonopera-

tive management for 3 reasons: higher union rates (95% vs 

70 to 90%, respectively) [34,57], quicker time to union (7 

weeks vs 10 to 12 weeks, respectively) [10], and lower 

refracture risk (<5% vs 10 to 13%, respectively) [6,15,26]. 

Different operative techniques have been described in the 

literature, such as intramedullary screw, tension band wir-

ing, differential pitch screw, and percutaneous bi-cortical 

screw [8,58]. Fixation with an intramedullary compression 

screw with or without a bone graft is the most common tech-

nique and the treatment of choice for NFL team physicians 

[34,58]. Porter et al [53] reported a 100% union rate, high 

satisfaction, and no refractures in a group of active patients 

using 4.5-mm cannulated intramedullary screw fixation.

Postoperative rehabilitation begins with immobilization 

in a non-weightbearing splint for 2 weeks followed by 

replacement in a CAM walker boot with progressive 

weight-bearing for an additional 4 to 6 weeks. By 6 to 8 

weeks postoperatively, patients can start full weight-bearing 

walking and resume normal activities. Return to sport,  

however, can vary depending on fracture severity. While a 

return to sport as early as 4 weeks has been argued for, a 

return to pre-injury activity level should be allowed only 

after radiographic evidence of union and an asymptomatic 

clinical evaluation [58,72], typically occurs 10 to 12 weeks 

after surgery. The use of orthotics and supplemental vitamin 

D may also be of benefit.

In summary, foot and ankle injuries account for 20% to 

30% of all football-related injuries [70]. Factors such as 

timing in the season, athlete expectations, football-specific 

ankle load, personal medical history, and the stage of an 

athlete’s career must always be considered for effective 

management. While several months of rest may be required 

for a full recovery, prompt diagnosis and proper treatment 

allow most players with foot and ankle injuries to return to 

play with good outcomes.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest 

with respect to the research, authorship, and/or publication of this 

article: Mark Drakos, MD, reports a relationship with Arthrex. 

The other authors declare no potential conflicts of interest.

Funding

The author(s) received no financial support for the research, 

authorship, and/or publication of this article.

Human/Animal Rights

All procedures followed were in accordance with the ethical stan-

dards of the responsible committee on human experimentation 

(institutional and national) and with the Helsinki Declaration of 

1975, as revised in 2013.

Informed Consent

Informed consent was not required for this review article.

Required Author Forms

Disclosure forms provided by the authors are available with the 

online version of this article as supplemental material.

ORCID iD

David Cho  https://orcid.org/0000-0002-5528-785X

References

 1. Anderson RB. Turf toe injuries of the hallux metatarsopha-

langeal joint. Tech Foot Ankle Surg. 2002;1(2):102–111. 

https://journals.lww.com/techfootankle/Fulltext/2002/12000/

Turf_Toe_Injuries_of_the_Hallux.4.aspx.

 2. Aronow MS. Treatment of the missed Lisfranc injury. Foot 
Ankle Clin. 2006;11(1):127–142. https://doi.org/10.1016/j.

fcl.2005.12.005.

 3. Attia AK, Mahmoud K, Alhammoud A, d’Hooghe P, 

Farber D. Return to play after low-energy Lisfranc injuries 

in high demand individuals: a systematic review and meta-

analysis of athletes and active military personnel. Orthop 
J Sports Med. 2021;9(3):2325967120988158. https://doi.

org/10.1177/2325967120988158.

 4. Baumbach SF, Urresti-Gundlach M, Böcker W, Vosseller 

JT, Polzer H. Results of functional treatment of epi-

metaphyseal fractures of the base of the fifth metatar-

sal. Foot Ankle Int. 2020;41(6):666–673. https://doi.

org/10.1177/1071100720907391.

 5. Baumhauer JF, O’Brien T. Surgical considerations in the 

treatment of ankle instability. J Ath Train. 2002;37(4):458–

462.

 6. Bernstein DT, Mitchell RJ, McCulloch PC, Harris JD, 

Varner KE. Treatment of proximal fifth metatarsal frac-

tures and refractures with plantar plating in elite ath-

letes. Foot Ankle Int. 2018;39(12):1410–1415. https://doi.

org/10.1177/1071100718791835.

 7. Bishop JA, Braun HJ, Hunt KJ. Operative versus nonopera-

tive treatment of Jones fractures: a decision analysis model. 

Am J Orthop. 2016;45(3):E69–E76.



Cho et al 327

 8. Bosman WM, Emmink BL, Bhashyam AR, Houwert RM, 

Keizer J. Intramedullary screw fixation for simple dis-

placed olecranon fractures. Eur J Trauma Emerg Surg. 

2020;46(1):83–89. https://doi.org/10.1007/s00068-019-

01114-4.

 9. Bowers KD, Martin RB. Turf-Toe: a shoe-surface related 

football injury. Med Sci Sports. 1976;8(2):81–83.

 10. Bowes J, Buckley R. Fifth metatarsal fractures and current 

treatment. World J Orthop. 2016;7(12):793–800. https://doi.

org/10.5312/wjo.v7.i12.793.

 11. Brophy RH, Barnes R, Rodeo SA, Warren RF. Prevalence 

of musculoskeletal disorders at the NFL combine—trends 

from 1987 to 2000. Med Sci Sports Exerc. 2007;39(1):22–27. 

https://doi.org/10.1249/01.mss.0000241637.52231.18.

 12. Cheung CN, Lui TH. Proximal fifth metatarsal fractures: 

anatomy, classification, treatment and complications. Arch 
Trauma Res. 2016;5(4):e33298. https://doi.org/10.5812/

atr.33298.

 13. Coker TP, Arnold JA, Weber DL. Traumatic lesions 

of the metatarsophalangeal joint of the great toe in ath-

letes. Am J Sports Med. 1978;6(6):326–334. https://doi.

org/10.1177/036354657800600604.

 14. Court-Brown CM, McBirnie J, Wilson G. Adult ankle fractures: an 

increasing problem? Acta Orthopaedica Scand. 1998;69(1):43–

47. https://doi.org/10.3109/17453679809002355.

 15. DeLee JC, Evans JP, Julian J. Stress fracture of the fifth meta-

tarsal. Am J Sports Med. 1983;11(5):349–353. https://doi.

org/10.1177/036354658301100513.

 16. DeVries JG, Taefi E, Bussewitz BW, Hyer CF, Lee TW. The 

fifth metatarsal base: anatomic evaluation regarding fracture 

mechanism and treatment algorithms. J Foot Ankle Surg. 

2015;54(1):94–98. https://doi.org/10.1053/j.jfas.2014.08.019.

 17. D’Hooghe P, Cruz F, Alkhelaifi K. Return to play after a 

lateral ligament ankle sprain. Cur Rev Musculoskelet Med. 

2020;13(3):281–288. https://doi.org/10.1007/s12178-020-

09631-1.

 18. Doty JF, Coughlin MJ. Turf toe repair: a technical 

note. Foot Ankle Spec. 2013;6(6):452–456. https://doi.

org/10.1177/1938640013507107.

 19. George E, Harris AHS, Dragoo JL, Hunt KJ. Incidence and 

risk factors for turf toe injuries in intercollegiate football: data 

from the national collegiate athletic association injury surveil-

lance system. Foot Ankle Int. 2014;35(2):108–115. https://

doi.org/10.1177/1071100713514038.

 20. Goost H, Wimmer MD, Barg A, Kabir K, Valderrabano 

V, Burger C. Fractures of the ankle joint. Dtsh Ärztebl 
Int. 2014;111(21):377–388. https://doi.org/10.3238/arz-

tebl.2014.0377.

 21. Herscovici D, Scaduto JM. Acute management of high-energy 

lisfranc injuries: a simple approach. Injury. 2018;49(2):420–

424. https://doi.org/10.1016/j.injury.2017.11.012.

 22. Hertel J. Functional anatomy, pathomechanics, and patho-

physiology of lateral ankle instability. J Athl Train. 

2002;37(4):364–375.

 23. Jones RI. Fracture of the base of the fifth metatarsal bone by 

indirect violence. Ann Surg. 1902;35(6):697–7002.

 24. Josefsson PO, Karlsson M, Redlund-Johnell I, Wendeberg B. 

Closed treatment of Jones fracture. Good results in 40 cases 

after 11-26 years. Acta Orthop Scand. 1994;65(5):545–547. 

https://doi.org/10.3109/17453679409000911.

 25. Kaplan LD, Jost PW, Honkamp N, Norwig J, West R, Bradley 

JP. Incidence and variance of foot and ankle injuries in elite 

college football players. Am J Orth. 2011;40(1):40–44.

 26. Kavanaugh JH, Brower TD, Mann RV. The Jones fracture 

revisited. J Bone Joint Surg. 1978;60(6):776–782.

 27. Kennedy JG, Johnson SM, Collins AL, et al. An evalu-

ation of the Weber classification of ankle fractures. 

Injury. 1998;29(8):577–580. https://doi.org/10.1016/

s00201383(98)00116-8.

 28. Khan RJK. Treatment of acute Achilles tendon ruptures: a meta-

analysis of randomized, controlled trials. J Bone Joint Surg. 

2005;87(10):2202. https://doi.org/10.2106/JBJS.D.03049.

 29. Krips R, de Vries J, van Dijk CN. Ankle instability. Foot 
Ankle Clin. 2006;11(2):311–329. https://doi.org/10.1016/j.

fcl.2006.02.003.

 30. Kuo RS, Tejwani NC, DiGiovanni CW, et al. Outcome after 

open reduction and internal fixation of Lisfranc joint injuries. 

J Bone Joint Surg Am. 2000;82(11):1609.

 31. Laak Bolk CS, Dahmen J, Lambers KTA, Blankevoort L, 

Kerkhoffs GM. Adequate return to sports and sports activi-

ties after treatment of Lisfranc injury: a meta-analysis. J 
ISAKOS. 2021;6(4):212–219. https://doi.org/10.1136/jisa-

kos-2020-000477.

 32. Lawrence SJ, Botte MJ. Jones’ fractures and related fractures of 

the proximal fifth metatarsal. Foot Ankle. 1993;14(6):358–365.

 33. Look N, Reisenauer CR, Gorman MA. Conservative manage-

ment of Jones fractures with immediate weight-bearing in a 

walking boot demonstrates healing. Foot. 2022;50:101870. 

https://doi.org/10.1016/j.foot.2021.101870.

 34. Low Kyle Noblin JD, Browne JE, Barnthouse CD, Scott AR. 

Jones fractures in the elite football player. J Surg Orthop Adv. 

2004;13(3):156–160.

 35. Lübbeke A, Salvo D, Stern R, Hoffmeyer P, Holzer N, 

Assal M. Risk factors for post-traumatic osteoarthritis of 

the ankle: an eighteen year follow-up study. Int Orthop. 

2012;36(7):1403–1410. https://doi.org/10.1007/s00264-011-

1472-7.

 36. Lubberts B, Guss D, Vopat BG, et al. The arthroscopic syn-

desmotic assessment tool can differentiate between stable and 

unstable ankle syndesmoses. Knee Surg Sports Traumatol 
Arthrosc. 2020;28(1):193–201. https://doi.org/10.1007/

s00167-018-5229-3.

 37. Lui TH. Stabilization of first metatarsophalangeal instability 

with plantar plate tenodesis. Foot Ankle Surg. 2008;14(4):211–

214. https://doi.org/10.1016/j.fas.2008.03.001.

 38. May NR, Driscoll M, Nguyen S, Ferkel RD. Analysis of return to 

play after modified broström lateral ankle ligament reconstruc-

tion. Orthop J Sport Med. 2022;10(2):23259671211068541. 

https://doi.org/10.1177/23259671211068541.

 39. McCormick JJ, Anderson RB. The great toe: failed turf toe, 

chronic turf toe, and complicated sesamoid injuries. Foot 
Ankle Clin. 2009;14(2):135–150. https://doi.org/10.1016/j.

fcl.2009.01.001.

 40. McHale KJ, Vopat BG, Beaulieu-Jones BR, et al. 

Epidemiology and outcomes of lisfranc injuries identi-

fied at the National Football League scouting combine. 

Am J Sports Med. 2017;45(8):1901–1908. https://doi.

org/10.1177/0363546517697297.

 41. Michalski MP, Ingall EM, Kwon JY, Chiodo CP. Reliability 

of fifth metatarsal base fracture classifications and current 



328 HSS Journal®: The Musculoskeletal Journal of Hospital for Special Surgery 19(3)

management. Foot Ankle Int. 2022;43(8):1034–1040. https://

doi.org/10.1177/10711007221092755.

 42. Mologne TS, Lundeen JM, Clapper MF, O’Brien TJ. Early 

screw fixation versus casting in the treatment of acute Jones 

fractures. Am J Sport Med. 2005;33(7):970–975.

 43. Moracia-Ochagavía I, Rodríguez-Merchán EC. Lisfranc 

fracture-dislocations: current management. EFORT Op 
Rev. 2019;4(7):430–444. https://doi.org/10.1302/2058-

5241.4.180076.

 44. Mulcahey MK, Bernhardson AS, Murphy CP, et al. 

The epidemiology of ankle injuries identified at the 

National Football League combine, 2009-2015. Orthop 
J Sport Med. 2018;6(7):2325967118786227. https://doi.

org/10.1177/2325967118786227.

 45. Najefi AA, Jeyaseelan L, Welck M. Turf toe: a clinical 

update. EFORT Open Rev. 2018;3(9):501–506. https://doi.

org/10.1302/2058-5241.3.180012.

 46. Nunley JA. Fractures of the base of the fifth metatarsal: the 

Jones fracture. Orthop Clin N Am. 2001;32(1):171–180. 

https://doi.org/10.1016/s00305898(05)70200-5.

 47. Parekh S, Shah J. Epidemiology and outcomes of Achilles 

tendon ruptures in the National Football League. Foot Ankle 
Orthop. 2017;2(3):2473011417S000314. https://doi.org/10.1

177/2473011417S000314.

 48. Park SH, Lee HS, Young KW, Seo SG. Treatment of acute 

Achilles tendon rupture. Clin Orthop Surg. 2020;12(1):1–8. 

https://doi.org/10.4055/cios.2020.12.1.1.

 49. Patel KA, O’Malley MJ. Management of Achilles tendon inju-

ries in the elite athlete. Orthop Clin N Am. 2020;51(4):533–

539. https://doi.org/10.1016/j.ocl.2020.06.009.

 50. Pettersen PM, Radojicic N, Grün W, Molstad Andresen TK, 

Molund M. Proximal fifth metatarsal fractures: a retrospec-

tive study of 834 fractures with a minimum follow-up of 

5 years. Foot Ankle Int. 2022;43(5):602–608. https://doi.

org/10.1177/10711007211069123.

 51. Pettrone FA, Gail M, Pee D, Fitzpatrick T, Van Herpe LB. 

Quantitative criteria for prediction of the results after displaced 

fracture of the ankle. J Bone Joint Surg Am. 1983;65(5):667–

677.

 52. Pogliacomi F, De Filippo M, Casalini D, et al. Acute syndes-

motic injuries in ankle fractures: from diagnosis to treatment 

and current concepts. World J Orthop. 2021;12(5):270–291. 

https://doi.org/10.5312/wjo.v12.i5.270.

 53. Porter DA, Duncan M, Meyer SJF. Fifth metatarsal Jones frac-

ture fixation with a 4.5-mm cannulated stainless steel screw in 

the competitive and recreational athlete: a clinical and radio-

graphic evaluation. Am J Sports Med. 2005;33(5):726–733. 

https://doi.org/10.1177/0363546504271000.

 54. Porter DA, Jaggers RR, Barnes AF, Rund AM. Optimal man-

agement of ankle syndesmosis injuries. Open Access J Sports 
Med. 2014;5:173–182. https://doi.org/10.2147/OAJSM.

S41564.

 55. Pourcho AM, Liu YH, Milshteyn MA. Electrodiagnostically con-

firmed posttraumatic neuropathy and associated clinical exam 

findings with Lisfranc injury. Foot Ankle Int. 2013;34(8):1068–

1073. https://doi.org/10.1177/1071100713481454.

 56. Ramirez M, Schaffer KB, Shen H, Kashani S, Kraus JF. 

Injuries to high school football athletes in California. 

Am J Sport Med. 2006;34(7):1147–1158. https://doi.

org/10.1177/0363546505284385.

 57. Rikken Q, Dahmen J, Hagemeijer N, Sierevelt I, Kerkhoffs 

G, DiGiovanni C. Adequate union rates for the treatment 

of acute proximal fifth metatarsal fractures. Knee Surg 
Sport Traumatol Arthrosc. 2020;29:1284–1293. https://doi.

org/10.1007/s00167-020-06072-8.

 58. Roche AJ, Calder JDF. Treatment and return to sport follow-

ing a Jones fracture of the fifth metatarsal: a systematic review. 

Knee Surg Sport Traumatol Arthrosc. 2013;21(6):1307–1315. 

https://doi.org/10.1007/s00167-012-2138-8.

 59. Rodeo SA, O’Brien S, Warren RF, Barnes R, Wickiewicz 

TL, Dillingham MF. Turf-toe: an analysis of metatar-

sophalangeal joint sprains in professional football play-

ers. Am J Sport Med. 1990;18(3):280–285. https://doi.

org/10.1177/036354659001800311.

 60. Schepers T, De Vries MR, Van Lieshout EMM, Van der Elst 

M. The timing of ankle fracture surgery and the effect on 

infectious complications: a case series and systematic review 

of the literature. Int Orthop. 2013;37(3):489–494. https://doi.

org/10.1007/s00264-012-1753-9.

 61. Shankar PR, Fields SK, Collins CL, Dick RW, 

Comstock RD. Epidemiology of high school and colle-

giate football injuries in the United States, 2005-2006. 

Am J Sport Med. 2007;35(8):1295–1303. https://doi.

org/10.1177/0363546507299745.

 62. Shibuya N, Davis ML, Jupiter DC. Epidemiology of foot 

and ankle fractures in the United States: an analysis of the 

national trauma data bank (2007 to 2011). J Foot Ankle 
Surg. 2014;53(5):606–608. https://doi.org/10.1053/j.

jfas.2014.03.011.

 63. Soroceanu A, Sidhwa F, Aarabi S, Kaufman A, Glazebrook 

M. Surgical versus nonsurgical treatment of acute achilles 

tendon rupture: a meta-analysis of randomized trials. J Bone 
Joint Surg. 2012;94(23):2136–2143. https://doi.org/10.2106/

JBJS.K.00917.

 64. St Pierre RK, Rosen J, Whitesides TE, Szczukowski M, 

Fleming LL, Hutton WC. The tensile strength of the anterior 

talofibular ligament. Foot & Ankle. 1983;4(2):83–85. https://

doi.org/10.1177/107110078300400208.

 65. Tran A, Kappa J, Smith E, et al. The effect of turf toe injuries 

on player performance in the National Football League. Iowa 
Orthop J. 2019;39(2):35–39.

 66. Uquillas CA, Guss MS, Ryan DJ, Jazrawi LM, Strauss EJ. 

Everything Achilles: knowledge update and current con-

cepts in management: AAOS exhibit selection. J Bone Joint 
Surg Am. 2015;97(14):1187–1195. https://doi.org/10.2106/

JBJS.O.00002.

 67. van Dijk CN, Lim LSL, Bossuyt PM, Marti RK. Physical 

examination is sufficient for the diagnosis of sprained ankles. 

J Bone Joint Surg Br. 1996;78-B(6):958–962. https://doi.

org/10.1302/0301-620X.78B6.0780958.

 68. van Dijk CN, Mol BW, Lim LS, Marti RK, Bossuyt PM. 

Diagnosis of ligament rupture of the ankle joint. Physical 

examination, arthrography, stress radiography and sonog-

raphy compared in 160 patients after inversion trauma. 

Acta Orthop Scand. 1996;67(6):566–570. https://doi.

org/10.3109/17453679608997757.



Cho et al 329

 69. Vega J, Malagelada F, Dalmau-Pastor M. Ankle microinsta-

bility: arthroscopic findings reveal four types of lesion to the 

anterior talofibular ligament’s superior fascicle. Knee Surg 
Sport Traumatol Arthrosc. 2021;29(4):1294–1303. https://

doi.org/10.1007/s00167-020-06089-z.

 70. Walls RJ, Ross KA, Fraser EJ, et al. Football injuries of 

the ankle: a review of injury mechanisms, diagnosis and 

management. World J Orthop. 2016;7(1):8–19. https://doi.

org/10.5312/wjo.v7.i1.8.

 71. Waterman BR, Owens BD, Davey S, Zacchilli MA, Belmont 

PJ Jr. The epidemiology of ankle sprains in the United States. 

J Bone Joint Surg Am. 2010;92(13):2279–2284. https://doi.

org/10.2106/JBJS.I.01537.

 72. Watson GI, Karnovsky SC, Konin G, Drakos MC. Optimal 

starting point for fifth metatarsal zone ii fractures: a cadav-

eric study. Foot Ankle Int. 2017;38(7):802–807. https://doi.

org/10.1177/1071100717702688.

 73. Welck MJ, Zinchenko R, Rudge B. Lisfranc injuries. Injury. 

2015;46(4):536–541. https://doi.org/10.1016/j.injury.2014. 

11.026.

 74. Werner BC, Mack C, Franke K, Barnes RP, Warren RF, 

Rodeo SA. Distal fibula fractures in National Football League 

athletes. Orthop J Sport Med. 2017;5(9):2325967117726515. 

https://doi.org/10.1177/2325967117726515.

 75. White WJ, McCollum GA, Calder JDF. Return to sport following 

acute lateral ligament repair of the ankle in professional athletes. 

Knee Surg Sport Traumatol Arthrosc. 2016;24(4):1124–1129. 

https://doi.org/10.1007/s00167-015-3815-1.

 76. Willits K, Amendola A, Bryant D, et al. Operative versus 

nonoperative treatment of acute Achilles tendon ruptures: 

a multicenter randomized trial using accelerated functional 

rehabilitation. J Bone Joint Surg. 2010;92(17):2767–2775. 

https://doi.org/10.2106/JBJS.I.01401.

 77. Wire J, Hermena S, Slane VH. Ankle fractures. Treasure 

Island, FL: StatPearls Publishing, 2022. http://www.ncbi.nlm.

nih.gov/books/NBK542324/.

 78. Yang JW, Hodax JD, Machan JT, et al. Factors affecting return 

to play after primary Achilles tendon tear: a cohort of NFL 

players. Orthop J Sport Med. 2019;7(3):2325967119830139. 

https://doi.org/10.1177/2325967119830139.

 79. Zemper ED. Injury rates in a national sample of college 

football teams: a 2-year prospective study. Phys Sport Med. 

1989;17(11):100–113. https://doi.org/10.1080/00913847.198

9.11709915.

 80. Zuuren WJV, Schepers T, Beumer A, Sierevelt I, van Noort A, 

van den Bekerom MPJ. Acute syndesmotic instability in ankle 

fractures: a review. Foot Ankle Surg. 2017;23(3):135–141. 

https://doi.org/10.1016/j.fas.2016.04.001.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

