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Stress fractures at the base of the metatarsal are classified as high-risk stress fractures. The second and third
metatarsal are likely to occur in classical ballet and jumping sports. Among them, there are few reports of
nonunion cases after fractures at the base of the third metatarsal. We present a rare case of nonunion of a
stress fracture at the base of the third metatarsal injured during practicing cross-country skiing. A 15-year-
old male high school top-level cross-country skier couldn’t stand the pain on the dorsum of his left forefoot
during training for six months. Radiographic examination and computed tomography showed a transverse
fracture line at the base of the third metatarsal and an osteosclerotic lesion at the fracture site. He was
diagnosed with nonunion of a stress fracture at the base of the third metatarsal. We performed
osteosynthesis with a locking plate and grafted autogenous bone into the nonunion site. He was able to
return to skiing at 4 months postoperatively. At 2.5 years after the initial surgery, he was able to participate
in an international cross-country skiing competition. We experienced nonunion following a stress fracture at
the base of the third metatarsal, possibly injured while practicing cross-country skiing. Osteosynthesis with
the plate fixation technique using autogenous bone grafting was a useful treatment for the nonunion of a
stress fracture at the base of the third metatarsal.
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Introduction

Metatarsal stress fractures tend to occur in the second and third metatarsal shaft, and metatarsal shaft
fractures are classified as low-risk stress fractures with a good prognosis with conservative treatment [1].
Conversely, stress fractures at the base of the metatarsal are classified as high-risk stress fractures, and cases
of nonunion and delayed union have been reported [1]. Among them, there are a few cases of stress fractures
at the base of the second and third metatarsal, which usually occur at the metatarsal shaft [2]. Kameyama
reported that the incidence of third metatarsal stress fractures is 27.9% of all metatarsal stress fractures, but
the base of the third metatarsal stress fractures is rare: 57 cases at the shaft and 2 cases at the base [2]. As a
background of injury, stress fractures at the second and third metatarsal bases are likely to occur in classical
ballet and jumping sports [3,4]. However, there are only a few reports of stress fractures of the base of the
metatarsal caused by cross-country skiing, and there are also a few reports of surgical treatment of nonunion
cases. We present nonunion following a stress fracture at the base of the third metatarsal, possibly injured
during practicing cross-country skiing, and consider the mechanism of injury.

Case Presentation

A 15-year-old male high school top-level cross-country skier couldn’t stand the pain on the dorsum of his
left forefoot while practicing cross-country skiing. After six months, the pain had not improved, so he visited
a neighborhood clinic. The clinic doctor diagnosed the patient with nonunion of a stress fracture at the base
of the third metatarsal. He was referred to our hospital for further management. On physical examination,
there was no swelling of the dorsum of his left foot but tenderness at the base of the left third metatarsal.
The range of motion of the right forefoot inversion was 45°, and eversion was 10°, and that of the left
forefoot inversion was 50° and eversion was 5°. AOFAS (American Orthopaedic Foot and Ankle Society)
midfoot scale was 87 points. Radiographic examination showed a transverse line of fracture at the base of
the third metatarsal and osteosclerotic lesion in the region of the fracture (Figure /). Computed tomography
(CT) showed the line of fracture in the same area and sclerotic change and irregularity in the region of the
fracture site (Figure 2). Magnetic resonance imaging (MRI) T2 fat-suppressed images showed bone marrow
edema around the fracture site in coronal and sagittal views (Figure 3). Based on these findings, we decided
to perform osteosynthesis with autogenous bone grafting for nonunion of a stress fracture at the base of the
third metatarsal.
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FIGURE 1: Preoperative radiographs

Atransverse line of fracture was identified on anterior-posterior (a) and oblique (b) views.

FIGURE 2: Preoperative CT

Preoperative CT showed the line of fracture at the base of the third metatarsal and sclerotic change and
irregularity in the region of the fracture site on coronal (a) and sagittal (b) views.
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FIGURE 3: Preoperative MRI T2 fat-suppressed images

Preoperative MRI T2 fat-suppressed images demonstrated bone marrow edema in the region of the fracture
site in coronal (a) and sagittal (b) views.

Surgical technique

The skin incision was placed above the left third metatarsal bone (Figure 4). The nonunion lesion was
covered with scar tissue (Figure 5a). The nonunion lesion was refreshed by curettage and multiple drilling
with Kirschner-wire (Figure 5b). After that, we collected an autogenous cancellous bone from the ipsilateral
iliac crest and then grafted it into the nonunion site (Figure 5¢). Subsequently, We performed the plate
fixation. The locking plate was placed between the proximal fragment and the distal fragment of the
metatarsal bone (Figures 5d-6).

FIGURE 4: Intraoperative photo

The skin incision was placed above the left third metatarsal bone.
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FIGURE 5: Intraoperative photos

FIGURE 6: Postoperative radiographs

Postoperative radiographs show that plate fixation was performed. Anterior-posterior (a) and lateral (b) views.

Postoperatively, casting was not used to immobilize the foot. Low-intensity pulsed ultrasound (LIPUS) was
used at 3 weeks postoperatively. Partial weight-bearing with forefoot non-weight bearing was allowed at 6
weeks postoperatively with an insole. Full weight bearing was started at 8 weeks postoperatively. The
exercise intensity was gradually increased according to the pain, and he was able to return to skiing at 4
months postoperatively. We confirmed complete bone union at 5 months after the operation. He had no
symptoms, and the AOFAS midfoot scale was 100 points at 1 year postoperatively. He was able to participate
in an international cross-country skiing competition at 2.5 years postoperatively.

Discussion

The most common overuse injuries in cross-country skiing are medial-tibial stress syndrome, Achilles
tendon problems, and lower back pain [5]. The most common traumatic injuries were ankle ligament sprains
and fractures, muscle ruptures, and knee ligament sprains [5]. Morris and Hoffman reported that more than
half of the traumatic injuries in cross-country skiing were to the lower extremities [6]. Moreover, Rotllan and
Viscor reported the frequency of injury in cross-country skiing was 2.7 per 1000 h of practice [7]. The injury
prevalence was 21.4% in cross-country skiing, and the most common new injury site was the foot.

In cross-country skiing, the range of motion of the toes and ankle must be unrestricted. The bindings fix the
forward tip of the boot while leaving the heel free to elevate from the ski [5]. The “kick” phase in cross-
country skiing involves plantar flexion at the ankle. An excessive loading of the tarsometatarsal joint in the
plantarflexion position leads to stress fracture [3,8]. In this case, he is thought to have had repeated ankle
plantarflexion positions. Due to this motion, the stress is concentrated in the Lisfranc joint, and it is thought
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to have caused a stress fracture at the base of the third metatarsal. In other words, stress fractures of the
base of the third metatarsal may be one of the diseases to watch out for in cross-country skiers.

The risk factors at the base of the metatarsal stress fracture are a contracture of Achilles, shorter first
metatarsal length, trauma history of stress fracture, sports (especially classical ballet), and overuse [9].

There are a few cases of stress fractures at the base of the second and third metatarsal reported in the
literature [2]. Classical ballet and aesthetic sports are most likely to cause stress fractures at the base of the
second and third metatarsal [4]. There is a report that stress fractures of metatarsal are common in military
recruits with leg-length discrepancy [1]. Saxena et al. reported a stress fracture at the base of the fourth
metatarsal that may have been injured while training for cross-country skiing [10]. As far as we know, there
are no reports about the third metatarsal base stress fractures in cross-country skiers.

The diagnosis of stress fracture at the base of the metatarsal is usually nonspecific and can be easily delayed
diagnosis or overlooked [3]. Stress fractures are common injuries, but it is often difficult to detect the
findings on radiographs, especially in the early course [11]. The gold standard for accurate diagnosis is MRI
and scintigraphy. Recently, there have been some articles that ultrasonography is useful for the diagnosis of
metatarsal stress fractures because of its low cost, non-invasive, rapid, and easy technique [12]. In this case,
he had been suffering from forefoot pain for more than 6 months. Therefore, the diagnosis was easy to make
because the fracture line and osteosclerotic lesion were observed on the initial radiograph at a point
coinciding with the tender area.

Stress fractures at the base of the metatarsal have been shown to have good results with early detection and
strict conservative treatment [8]. In fresh cases, conservative treatment is generally recommended as the
initial treatment. The exercise should first be restricted, and an insole should be used for management. If the
pain is severe, casting and crutches are considered to be used. Previous reports have shown that the success
rate of conservative treatment was 75 to 100% [3,13,14,15]. However, there are reports of treatment failure,
such as delayed union and nonunion, because of delays in diagnosing the fracture [10]. Surgical treatment is
generally indicated for these treatment failures. Morio et al. reported osteosynthesis with the bridging plate
fixation technique [16]. Bridging plate fixation may be useful in cases where the proximal fragment is small.
They removed the plate at 12 weeks postoperatively [16]. In the bridging plate fixation, additional surgery is
required to remove the metal. Since the plate can help to prevent re-fracture, it is desirable to place a plate
within the metatarsal range. Moreover, return to sports is after metal removal. There are several reports of
good results with bone grafting in the nonunion and fixation of the proximal and distal bone fragments
within the metatarsal range using a locking plate [9,15]. In the present case, the proximal fragment was of an
adequate size and could be fixed without crossing the joint. We could confirm complete bone union 5 months
after the operation, and he could return to sports without metal removal. His symptoms resolved, and he was
able to join international competition without re-fracture.

Conclusions

We presented the nonunion of a third metatarsal base stress fracture in a top-level cross-country skier.
Stress fractures of the base of the third metatarsal may be one of the diseases to watch out for in cross-
country skiers. Surgical treatment using a plate fixation with bone grafting has been markedly successful,
and he was able to participate in an international cross-country skiing competition.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Yusuke Yoshimoto, Hidenori Matsubara, Toshifumi Hikichi, Kanu Shimokawa, Satoru
Demura

Acquisition, analysis, or interpretation of data: Yusuke Yoshimoto
Drafting of the manuscript: Yusuke Yoshimoto

Critical review of the manuscript for important intellectual content: Hidenori Matsubara, Toshifumi
Hikichi, Kanu Shimokawa, Satoru Demura

Supervision: Hidenori Matsubara, Toshifumi Hikichi, Kanu Shimokawa, Satoru Demura
Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all

2025 Yoshimoto et al. Cureus 17(2): €79407. DOI 10.7759/cureus.79407 50of 6


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

Mandell JC, Khurana B, Smith SE: Stress fractures of the foot and ankle, part 2: Site-specific etiology,
imaging, and treatment, and differential diagnosis. Skeletal Radiol. 2017, 46:1165-86. 10.1007/s00256-017-
2632-7

Kameyama Y. : Sports injuries of the foot and ankle - Overcoming overuse injuries - Overuse injuries of the
bones Stress fractures of the foot. (Article in Japanese). ] Clin Sports Med. 2014, 31:654-9.

O'Malley MJ, Hamilton WG, Munyak ], DeFranco MJ: Stress fractures at the base of the second metatarsal in
ballet dancers. Foot Ankle Int. 1996, 17:89-94. 10.1177/107110079601700206

Albisetti W, Perugia D, De Bartolomeo O, Tagliabue L, Camerucci E, Calori GM: Stress fractures of the base
of the metatarsal bones in young trainee ballet dancers. Int Orthop. 2010, 34:51-5. 10.1007/s00264-009-
0784-3

Renstrom P, Johnson R]J: Cross-country skiing injuries and biomechanics. Sports Med. 1989, 8:346-70.
10.2165/00007256-198908060-00004

Morris PJ, Hoffman DF: Injuries in cross-country skiing: Trail markers for diagnosis and treatment . Postgrad
Med. 1999, 105:89-101. 10.3810/pgm.1999.01.494

Rotllan C, Viscor G: Winter sports injuries in elite female athletes: A narrative review . Int ] Environ Res
Public Health. 2023, 20:5815. 10.3390/ijerph20105815

Smith M, Matheson GO, Meeuwisse WH: Injuries in cross-country skiing: A critical appraisal of the
literature. Sports Med. 1996, 21:239-50. 10.2165/00007256-199621030-00006

Chuckpaiwong B, Cook C, Pietrobon R, Nunley JA: Second metatarsal stress fracture in sport: Comparative
risk factors between proximal and non-proximal locations. Br ] Sports Med. 2007, 41:510-4.
10.1136/bjsm.2006.033571

Saxena A, Krisdakumtorn T, Erickson S: Proximal fourth metatarsal injuries in athletes: Similarity to
proximal fifth metatarsal injury. Foot Ankle Int. 2001, 22:603-8. 10.1177/107110070102200714

Bodner G, Stockl B, Fierlinger A, Schocke M, Bernathova M: Sonographic findings in stress fractures of the
lower limb: Preliminary findings. Eur Radiol. 2005, 15:356-9. 10.1007/s00330-004-2525-8

Drakonaki EE, Garbi A: Metatarsal stress fracture diagnosed with high-resolution sonography . J Ultrasound
Med. 2010, 29:473-6. 10.7863/jum.2010.29.3.473

Harrington T, Crichton KJ, Anderson IF: Overuse ballet injury of the base of the second metatarsal. A
diagnostic problem. Am J Sports Med. 1993, 21:591-8. 10.1177/036354659302100418

Santi M, Sartoris DJ, Resnick D: Diagnostic imaging of tarsal and metatarsal stress fractures. Part I . Orthop
Rev. 1989, 18:305-10.

Muscolo L, Migues A, Slullitel G, Costa-Paz M: Stress fracture nonunion at the base of the second metatarsal
in a ballet dancer: A case report. Am J Sports Med. 2004, 32:1535-7. 10.1177/0363546503262174

Morio F, Morimoto S, Onishi S, Tachibana T, Iseki T: Nonunion of a stress fracture at the base of the second
metatarsal in a soccer player treated by osteosynthesis with the bridging plate fixation technique. Case Rep
Orthop. 2020, 2020:6649443. 10.1155/2020/6649443

2025 Yoshimoto et al. Cureus 17(2): €79407. DOI 10.7759/cureus.79407

6 0of 6


https://dx.doi.org/10.1007/s00256-017-2632-7
https://dx.doi.org/10.1007/s00256-017-2632-7
https://jglobal.jst.go.jp/detail?JGLOBAL_ID=201402292755551727
https://dx.doi.org/10.1177/107110079601700206
https://dx.doi.org/10.1177/107110079601700206
https://dx.doi.org/10.1007/s00264-009-0784-3
https://dx.doi.org/10.1007/s00264-009-0784-3
https://dx.doi.org/10.2165/00007256-198908060-00004
https://dx.doi.org/10.2165/00007256-198908060-00004
https://dx.doi.org/10.3810/pgm.1999.01.494
https://dx.doi.org/10.3810/pgm.1999.01.494
https://dx.doi.org/10.3390/ijerph20105815
https://dx.doi.org/10.3390/ijerph20105815
https://dx.doi.org/10.2165/00007256-199621030-00006
https://dx.doi.org/10.2165/00007256-199621030-00006
https://dx.doi.org/10.1136/bjsm.2006.033571
https://dx.doi.org/10.1136/bjsm.2006.033571
https://dx.doi.org/10.1177/107110070102200714
https://dx.doi.org/10.1177/107110070102200714
https://dx.doi.org/10.1007/s00330-004-2525-8
https://dx.doi.org/10.1007/s00330-004-2525-8
https://dx.doi.org/10.7863/jum.2010.29.3.473
https://dx.doi.org/10.7863/jum.2010.29.3.473
https://dx.doi.org/10.1177/036354659302100418
https://dx.doi.org/10.1177/036354659302100418
https://pubmed.ncbi.nlm.nih.gov/2710579/
https://dx.doi.org/10.1177/0363546503262174
https://dx.doi.org/10.1177/0363546503262174
https://dx.doi.org/10.1155/2020/6649443
https://dx.doi.org/10.1155/2020/6649443

	Nonunion of a Third Metatarsal Base Stress Fracture Injured During Cross-Country Skiing Treated by Osteosynthesis: A Case Report
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Preoperative radiographs
	FIGURE 2: Preoperative CT
	FIGURE 3: Preoperative MRI T2 fat-suppressed images
	Surgical technique
	FIGURE 4: Intraoperative photo
	FIGURE 5: Intraoperative photos
	FIGURE 6: Postoperative radiographs


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


