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Editorial
Dear esteemed colleagues and readers,

This year, the Korean Fracture Society proudly commemorates its 40th anniversary-a 

significant milestone underscoring our collective dedication to advancing the field of 

orthopedic trauma. Established in 1985, our society has evolved into a pivotal entity 

in musculoskeletal trauma research and education, making substantial contributions 

to improving patient outcomes both in Korea and globally.

To celebrate this landmark occasion, we are excited to announce the transition of 

our journal from the Korean-language Journal of the Korean Fracture Society to the 

English-language Journal of Musculoskeletal Trauma (JMT). This strategic evolution 

marks a deliberate initiative towards internationalization, driven by our desire to 

facilitate global collaboration, disseminate high-quality research, and address the dy-

namic needs of the global orthopedic trauma community.

Honoring Our Legacy, Embracing the Future

For decades, the Journal of the Korean Fracture Society served as a crucial platform for 

disseminating significant research findings and clinical insights among our members. 

While it played an essential role in enhancing the quality of orthopedic trauma care 

within Korea, the increasing globalization of scientific discourse necessitates broader 

accessibility and international reach. The transition to JMT reflects our commitment 

to these global demands, enabling our research to resonate across diverse cultural 

contexts and fostering cross-cultural academic exchanges.

JMT is not merely a rebranding; it represents a comprehensive redefinition of its 

scope and purpose. JMT is designed to function as a central hub for sharing innova-

tive research, advanced techniques, and critical insights from distinguished experts 

in the field of orthopedic trauma worldwide. Through this transformation, we aspire 

to invite contributions from international authors and broaden our readership to in-

clude a variety of professionals engaged in musculoskeletal trauma.

A Platform for Innovation and Collaboration

Our vision for JMT is both ambitious and clear: to establish it as a leading publica-

https://orcid.org/0000-0002-4010-1063


https://doi.org/10.12671/jmt.2025.000012

Kang-il Kim A new milestone: launching the JMT 

tion in musculoskeletal trauma, characterized by the rigor 

and relevance of its content. The journal will encompass a 

wide range of topics, including fractures, dislocations, soft 

tissue injuries, emerging technologies in trauma manage-

ment, and related basic research. Each issue will contain 

original research articles, comprehensive reviews, and 

evidence-based clinical studies addressing the complex 

challenges faced by clinicians and researchers.

Moreover, we perceive JMT as a conduit for interdisci-

plinary collaboration and regional engagement. We aim to 

cultivate a dynamic exchange of ideas, foster international 

partnerships, and inspire innovations that enhance patient 

care outcomes. By providing a rigorous, peer-reviewed 

platform, we encourage the global orthopedic community 

to engage with us, not only as readers but also as contribu-

tors and collaborative partners in this shared mission.

A Collective Effort

The realization of this vision is a testament to collective de-

termination. I extend my heartfelt gratitude to all members 

of the Korean Fracture Society and the past presidents, 

whose unwavering commitment over these 40 years has 

brought us to this moment. I am particularly thankful to 

the editorial board for their expertise and dedication in 

shaping the direction of our journal.

I would also like to express my appreciation to the au-

thors and reviewers who have contributed to our inaugural 

issue. Your contributions embody the spirit of innovation 

and collaboration that defines our field. As we progress, we 

invite researchers, educators, and clinicians from around 

the globe to share their discoveries and insights through 

JMT.

Looking Ahead

The launch of JMT marks not the end of our journey but 

the dawn of a new chapter. It symbolizes our aspiration to 

transcend geographical boundaries, unite the global ortho-

pedic trauma community, and make meaningful contribu-

tions to the advancement of musculoskeletal trauma care.

As we embark on this new endeavor, I warmly invite you 

to join us as readers, authors, and collaborators. Togeth-

er, let us build a legacy of excellence and innovation that 

transforms lives across all borders.

Thank you for your unwavering support, and welcome to 

JMT.
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Editorial
It is with great honor and heartfelt gratitude that we present this issue of the Journal 

of the Korean Fracture Society, marking a historic turning point in its legacy.

We extend our deepest appreciation to our readers who have supported our journal 

over the past 36 years and to the researchers whose invaluable contributions have 

advanced the field of musculoskeletal trauma. Your dedication has been the corner-

stone of the journal’s success and its role in fostering innovation in fracture treatment 

and management.

Since its foundation in 1988, the Journal of The Korean Fracture Society has been a 

vital platform for disseminating research and clinical insights on the diagnosis and 

treatment of musculoskeletal injuries in Korea. By publishing research in the Ko-

rean-language, the journal has enabled the local medical community to exchange 

knowledge and elevate treatment practices in musculoskeletal trauma. Recognized as 

a registered journal by the National Research Foundation of Korea since 2008, it has 

earned the trust of countless researchers and has become a cornerstone of Korean 

medical scholarship.

Today, we embark on a transformative journey with a new name: Journal of Mus-

culoskeletal Trauma. This change represents more than a simple rebranding; it is a 

strategic leap toward global recognition and scholarly communication. By transition-

ing to an English-language journal, we aim to share Korea’s groundbreaking research 

with a global audience, actively engaging with researchers worldwide and contribut-

ing to international advancements in musculoskeletal trauma. Our efforts to be listed 

in international indexing databases underscore our commitment to raising the jour-

nal’s profile and enhancing its academic influence globally.

The Journal of Musculoskeletal Trauma will serve as a conduit for the global ex-

change of research on fractures and musculoskeletal injuries. Featuring the latest re-

search trends and clinical advancements, it will foster international collaboration and 

contribute to the improvement of treatment practices worldwide. This new chapter 

represents a pivotal step in ensuring that the achievements of Korean researchers are 

recognized on the global stage, while simultaneously enriching the global academic 

community.

In this transition, we remain deeply committed to our roots. We will honor our 

historical legacy as a Korean-language journal while embracing the opportunities of 

an international platform. Our mission is to maintain academic depth and integrity 

while providing the latest research findings that resonate with both domestic and 

global audiences. We invite our readers and researchers to continue their valuable 

https://orcid.org/0000-0002-2055-6458
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contributions, as your support will be instrumental in 

shaping the journal’s future.

We owe special thanks to the President of the Korean 

Fracture Society, whose visionary leadership and unwav-

ering dedication have been pivotal in this transition. Your 

commitment has made this transformation seamless, 

enabling us to step confidently into the international aca-

demic arena.

Finally, we extend our heartfelt gratitude to the editorial 

board members who have worked tirelessly to bring this 

issue to fruition. Your efforts and passion will serve as the 

foundation for the journal’s continued success. We look 

forward to your ongoing engagement and collaboration as 

we embark on this exciting new chapter together.

Thank you.



5

Easily missed nondisplaced fractures accompanying complete 
fractures in the lower extremity and pelvis: a narrative review
Young-Chang Park, MD 

Department of Orthopedic Surgery, Severance Hospital, Yonsei University College of Medicine, Seoul, Korea
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Nondisplaced fractures accompanying complete fractures are often difficult to detect on 
plain radiographs or computed tomography scans, posing a diagnostic challenge. The di-
agnosis of these frequently overlooked injuries can be delayed, potentially leading to sub-
optimal patient outcomes. This review discusses four commonly missed fracture patterns 
in the lower extremity and pelvis, including posterior involvement in fragility fractures of 
the pelvis, intertrochanteric extensions in isolated greater trochanter fractures, ipsilateral 
femoral neck fractures in high energy femoral shaft fractures, and posterior malleolar 
fractures in distal spiral tibial shaft fractures. An accurate diagnosis of these accompany-
ing nondisplaced fractures is critical for optimizing surgical outcomes. Surgeons should 
incorporate thorough preoperative evaluations into their clinical practice to facilitate early 
detection and appropriate treatment strategies. Prompt identification and comprehensive 
management remain essential for improving patient outcomes.

Keywords: Bone fractures; Pelvis; Lower extremity; Diagnostic imaging; Magnetic reso-
nance imaging
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Review Article

Introduction

The successful management of fractures relies on multiple factors, with accurate di-

agnosis and thorough evaluation forming the cornerstone of effective treatment plan-

ning. The diagnostic process typically includes a detailed patient history, physical 

examination, plain radiographs, and computed tomography (CT) scans of the affect-

ed area. Despite these assessments, missed diagnoses remain a significant challenge 

in clinical practice, particularly in the case of nondisplaced fractures accompanying 

complete fractures.

Nondisplaced or occult fractures present unique diagnostic challenges, as incom-

plete fracture lines can be difficult to identify, even with CT imaging. Advanced im-

aging modalities, such as magnetic resonance imaging (MRI) or bone scintigraphy, 

are generally more effective in detecting these fractures, making their inclusion an 

important consideration in selected cases. The presence of an accompanying nondis-

placed fracture alongside a complete fracture adds complexity to clinical evaluations 

and increases the risk of misdiagnosis. Delayed recognition of these fractures can sig-

nificantly affect postoperative outcomes.

This review highlights four commonly overlooked fracture patterns in the lower 

extremity and pelvis, emphasizing the diagnostic challenges and discussing strategies 

http://orcid.org/0000-0003-3726-4707
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for optimal management.

Fragility Fracture of the Pelvis Type I: 
Posterior Involvement

Fragility fractures of the pelvis (FFP) are commonly asso-

ciated with low energy trauma in older adults, and their 

incidence continues to rise with the aging population [1,2]. 

In 2013, Rommens and Hofmann [1] introduced a com-

prehensive classification system for FFP, which remains 

widely utilized. This system categorizes FFP into four 

types: type I involves anterior lesions only; type II includes 

nondisplaced posterior lesions; type III involves displaced 

posterior lesions; and type IV features bilateral displaced 

posterior lesions. Typically, type I and type II fractures are 

managed nonsurgically, whereas type III and IV fractures 

require surgical intervention, provided the patient's overall 

condition permits [2-4].

Among the subtypes, FFP type II fractures are the most 

prevalent and are generally considered stable fractures [1]. 

These fractures are often successfully treated with conser-

vative measures, including pain management and phys-

iotherapy, allowing weight bearing as tolerated. However, 

surgical intervention should be considered if patients ex-

perience significant pain that prevents ambulation within 

several days [5]. Recent studies suggest that early surgical 

intervention, particularly percutaneous fixation, can allevi-

ate pain, promote early mobilization, and enhance overall 

outcomes in type II fractures [3,5-8]. However, postopera-

tive complications should also be carefully considered in 

elderly patients [9-12].

Radiographic assessment of FFP typically involves plain 

radiographs and CT imaging. However, nondisplaced 

sacral fractures, often involving osteoporotic cancellous 

bone, are difficult to identify with these modalities and are 

frequently overlooked [3,13]. Fractures initially classified 

as type I (anterior lesions only) are often reclassified as 

type II upon further evaluation with advanced imaging 

techniques such as MRI (Fig. 1). At our institution, MRI is 

considered for cases involving ambiguous sacral buckling, 

localized posterior pain during mobility, or significant 

difficulty walking due to pain after approximately 1 week 

of weight bearing as tolerated with a walker. Scheyerer et 

al. [14] reported that 96.8% of elderly patients with pubic 

rami fractures also had posterior lesions. Subtle findings, 

such as sacral buckling, may be more clearly visible on 

coronal CT images, aiding in diagnosis (Fig. 2). However, in 

patients with severe degenerative changes, bony spurs can 

mimic subtle buckling, complicating differentiation. Bilat-

eral comparison of imaging findings can assist in resolving 

such ambiguities.

Given the structural integrity of the pelvic ring, anterior 

fractures, such as ramus fracture, often suggest the possi-

bility of associated injuries to the posterior pelvic lesion. 

Therefore, clinicians should maintain a high index of sus-

picion for posterior pelvic lesions, particularly in FFP type 

I cases. Close monitoring and further evaluation, when 

warranted, are essential for accurate diagnosis and optimal 

management.

Isolated Greater Trochanteric Fracture: 
Intertrochanteric Extension

Isolated greater trochanteric (GT) fractures are among 

Fig. 1. A 78-year-old female patient with a fragility fracture of the pelvis due to a slip down injury. (A, B) Plain radiographs (anteroposterior 
and outlet views) show fractures of the right superior and inferior rami (arrow). (C) According to the Rommens classification, the fracture 
is categorized as type I based on a computed tomography evaluation, as no definite posterior involvement is observed; however, there is a 
suggestion of subtle buckling in the right sacral ala (arrow). (D) T1-weighted axial magnetic resonance imaging reveals posterior involve-
ment (arrows), reclassifying the fracture from type I to type II.
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the rarest types of hip fractures and are typically managed 

with conservative treatment [15-18]. However, studies have 

shown that many fractures initially diagnosed as isolated 

GT fractures actually involve undetected intertrochanteric 

(IT) extension [17-20]. MRI is considered the gold standard 

for diagnosing IT extension, providing a more accurate as-

sessment of the fracture and facilitating precise treatment 

planning (Fig. 3) [21-25] .

MRI not only enables the detection of IT extension but 

also helps determine its extent, allowing for the develop-

ment of tailored treatment strategies. Arshad et al. [26] re-

ported that fractures involving less than 50% of the IT line 

and forming an angle of 35°–42° relative to the vertical me-

dial cortex were unlikely to progress to complete fractures. 

Park et al. [27] proposed using coronal T1-weighted MRI 

to divide the femoral canal at the lesser trochanter’s upper 

level into thirds. Nonsurgical management was found ef-

fective for fractures confined to the lateral two-thirds, while 

surgical intervention was recommended for those involv-

ing the medial one-third or the medial cortex. Similarly, 

Kent et al. [28] supported nonsurgical management for 

fractures involving less than 50% of the IT line.

Currently, there is no definitive consensus on the surgi-

cal indications for isolated GT fractures, and the relative 

effectiveness of surgical versus nonsurgical treatment 

remains uncertain. Several studies highlight the use of in-

stitution-specific protocols to guide treatment decisions, 

with surgery being recommended primarily for high-risk 

Fig. 2. Subtle buckling of the sacral ala. (A, B) Subtle buckling (arrows) is more clearly detected on coronal computed tomography images 
than on axial images.

Fig. 3. A 78-year-old male patient with a greater trochanteric fracture due to a slip down injury. (A) A plain radiograph shows a left greater 
trochanteric fracture (arrow). (B) A computed tomography scan shows no specific findings. (C) T1-weighted midcoronal magnetic resonance 
imaging reveals intertrochanteric extension involving approximately 50% of the intertrochanteric line (arrows).
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patients based on arbitrarily defined criteria [26-30]. In 

Severance Hospital, conservative management is pursued 

for cases where neither the anterior nor medial cortex is 

involved. This approach includes pain management, hip 

range of motion exercises, and ambulation with weight 

bearing as tolerated. However, if conservative management 

proves intolerable, surgical treatment is considered to fa-

cilitate early ambulation. Patients managed nonoperatively 

are also informed about the potential risk of progression to 

a complete fracture.

MRI assessment of IT extension is invaluable in cases 

of isolated GT fractures initially diagnosed on plain radio-

graphs. By identifying candidates for nonsurgical treat-

ment, this approach supports more informed discussions 

with patients and enables individualized treatment plan-

ning tailored to fracture severity and patient needs.

High Energy Femoral Shaft Fracture:  
Ip silateral Femoral Neck Fracture

Ipsilateral femoral neck fractures occur in approximately 

9% of femoral shaft fractures [31-33]. Due to their nondis-

placed nature, these fractures are challenging to detect, 

with 19%–55% remaining undiagnosed on plain radio-

graphs, often resulting in delayed diagnoses [34,35]. Yang 

et al. [34] reported a detection rate of 63% for occult frac-

tures using CT, while Tornetta et al. [36] introduced a pro-

tocol combining preoperative fine cut CT and immediate 

postoperative radiographs, reducing delayed diagnoses by 

91%. Despite these efforts, the sensitivity of CT for detect-

ing occult femoral neck fractures remains limited, ranging 

from 64% to 82% [37,38].

Alternative diagnostic and treatment approaches have 

been proposed to address this challenge. Routine fixation 

of the femoral neck during reconstruction nailing is one 

option; however, this method is associated with increased 

operative time, greater radiation exposure, and limited cost 

effectiveness [35]. Rogers et al. [39] highlighted the utility 

of rapid limited-sequence MRI, which detected occult fem-

oral neck fractures in 12.1% of CT-negative cases. Park et 

al. [40,41] introduced the "CT capsular sign" as an indirect 

indicator of femoral neck fractures on abdomino-pelvic CT 

scans in trauma patients. This sign, characterized by capsu-

lar bulging due to lipohemarthrosis within the hip capsule, 

demonstrated 100% sensitivity for ruling out femoral neck 

fractures. Based on these findings, a protocol was proposed 

to perform preoperative MRI or prophylactic femoral neck 

fixation with reconstruction nailing when the CT capsular 

sign is positive (Fig. 4).

Delayed diagnosis of ipsilateral femoral neck fractures in 

the context of femoral shaft fractures can have devastating 

consequences, including unplanned surgeries, osteone-

crosis, and nonunion [42,43]. For this reason, patients with 

high energy femoral shaft fractures require a heightened 

index of suspicion for associated femoral neck fractures. 

Thorough preoperative evaluation with X-rays and CT 

scans, including assessment for CT capsular signs, is es-

sential. Advanced imaging modalities such as MRI should 

be selectively employed in cases where initial evaluations 

are inconclusive. Additionally, intraoperative or immediate 

postoperative internal rotation views should be obtained 

with the femur stabilized to minimize the risk of missed 

diagnoses. Incorporating these findings into diagnostic 

protocols may improve the detection and management of 

ipsilateral femoral neck fractures in high energy femoral 

shaft fractures.

Distal Spiral Tibial Shaft Fracture: 
Poste rior Malleolar Fracture

Distal spiral tibial shaft fractures are relatively common in 

clinical practice and are frequently associated with pos-

terior malleolar fractures, which occur in more than 90% 

of cases [44,45]. Previous studies have identified two key 

predictors of associated posterior malleolar fractures: a 

fracture obliquity angle greater than 45° and fracture ex-

tension into the distal one-third of the tibia [46,47]. Hou et 

al. [44] reported that a communication line between the 

main spiral fracture and the posterior malleolar fracture 

was identifiable in 92.1% of cases through detailed analysis 

of CT axial images.

Management of distal spiral tibial shaft fractures with 

concurrent posterior malleolar fractures can be achieved 

using either plating or nailing techniques. While plating 

is generally effective, nailing is often preferred in cases 

with soft tissue concerns or when the spiral fracture line 

is located at a higher level. When tibial nailing is planned, 

stabilizing the posterior malleolar fracture with percutane-

ous fixation beforehand is recommended, as intraoperative 

displacement of the posterior malleolar fracture has been 
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Fig. 4. A 70-year-old female patient with a femoral shaft fracture due to a motor vehicle accident. (A) Initial anteroposterior radiograph. (B, 
C) A preoperative bone-window computed tomography (CT) scan shows no femoral neck fracture; however, the soft-tissue-window CT scan 
reveals a positive CT capsular sign with lipohemarthrosis (arrow). (D) T1-weighted coronal magnetic resonance imaging reveals an incom-
plete ipsilateral femoral neck fracture (arrow). (E) An anterior provisional pin was inserted before nailing to prevent femoral neck displace-
ment. (F) Uneventful bone healing was achieved at 10 months postoperatively.

Fig. 5. A 52-year-old male patient with a distal spiral tibial shaft fracture and an associated posterior malleolar fracture. (A) Initial antero-
posterior radiograph. (B) A preoperative computed tomography scan reveals the posterior malleolar fracture (arrows) with a communication 
line between the tibial shaft and the posterior malleolar fractures. (C) An intraoperative fluoroscopic image shows fracture displacement 
(arrows) after distal interlocking screws were placed, resulting in unstable fixation. Percutaneous fixation of the posterior malleolar fracture 
was performed prior to nailing. (D, E) Intraoperatively, nail removal and plate conversion were performed. Postoperative radiographs confirm 
the placement of the distal interlocking screw through the communication line (arrow).
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observed in approximately 31% of cases during nailing 

procedures [48].

Special caution is required during distal interlocking 

fixation in tibial nailing, as inserting screws through the 

communication line may lead to malreduction or instabil-

ity of the tibial fracture (Fig. 5). This highlights the critical 

importance of meticulous preoperative planning and pre-

cise intraoperative technique to optimize outcomes and 

minimize complications.

Conclusions

Nondisplaced fractures accompanying complete fractures 

in the lower extremity and pelvis frequently escape detec-

tion on conventional imaging, resulting in delayed diag-

noses and suboptimal outcomes. In FFP, clinicians should 

remain vigilant for posterior lesions and ensure close mon-

itoring. GT fractures require evaluation for IT extensions 

with mandatory MRI. High energy femoral shaft fractures 

demand assessment for ipsilateral femoral neck fractures, 

with the CT capsular sign serving as a valuable diagnostic 

tool. Distal tibial spiral fractures necessitate careful evalu-

ation for posterior malleolar fractures and communication 

lines. Recognizing these easily overlooked injuries and im-

plementing standardized clinical protocols that incorpo-

rate targeted diagnostic approaches is crucial. Early detec-

tion through comprehensive evaluation and individualized 

management strategies is essential for optimizing surgical 

outcomes and enhancing patient care.
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Background: In severe comminuted metaphyseal distal radius fracture (DRF) of elderly 
patients, after maintaining only radiological parameters of the radius using long volar 
locking plates (VLPs), we inevitably eliminated a few volar cortical fragments of metaphy-
sis. Here, we report the final radiological and clinical outcomes of our method.
Methods: For the patients who were treated between 2014 and 2018, the demographic 
factors, the preoperative radiologic factors, area of the eliminated volar cortical fragment, 
and final radiologic parameter, were evaluated. Clinical outcomes and ranges of active 
motion were evaluated.
Results: In total, 31 patients were included. The mean patient age was 77.3 years and the 
mean eliminated cortical area was 3.30 cm2. At the final follow-up, the mean volar tilt, 
radial inclination, articular step-off, and ulnar variance were 10.35°, 20.00°, 0.58 mm, and 
0.71 mm, respectively. There were no definitive correlations between bone mineral density, 
fragment area, the largest cortical fragment diameter ratio and differences in final and 
immediate postoperative measurements of these radiological parameters, respectively. Vi-
sual analog scale and disabilities of the arm, shoulder, and hand (DASH) scores were satis-
factory, and the mean arcs of flexion-extension and pronation-supination were 124.35° 
and 133.23°. Clinical outcomes were not significantly different according to the AO sys-
tem category.
Conclusions: For maintenance of radiological parameters of the radius, long VLPs are use-
ful in older patients with DRFs who exhibit volar metaphyseal comminution, despite con-
current ulnar fractures. Inevitable elimination of irreducible free comminuted cortical 
fragments when filling the defect does not affect final radiological and clinical outcomes.
Level of evidence: Level IV, case series.
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Introduction

Distal radius fractures (DRFs) are the most common upper limb fractures, comprising 

more than 16% of all fractures [1]. However, it remains difficult to treat high-energy 

fractures of the distal radius involving both an intra-articular component and me-

taphyseal comminution with diaphyseal extension. Furthermore, this type of fracture 
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occasionally occurs just after a simple slippage in elderly 

patients over 70 years. These fractures are difficult to man-

age partly because of specific biological and mechanical 

aspects that must be considered when treating intra-artic-

ular fractures with proximal extension. Volar locking plates 

(VLPs) have been designed with longer shapes to cover 

more proximal metaphysis and diaphysis. These plates are 

considered useful for the management of volar comminut-

ed fractures of the distal radius, which involve proximal ex-

tension into the diaphysis, and with their use, the compli-

cations of external fixation or dorsal bridging of distraction 

plates can be avoided or minimized [2,3].

On the other hand, a few fracture fragments have been 

considered essential for proper union in several anatomi-

cal areas of among the overall skeleton, such as the medial 

calcar fragments in the proximal humerus or femur [4-6]. 

Since the development of locking plates/screws and their 

implementation worldwide, the AO principle has been 

used to investigate several mechanical and biological as-

pects of comminuted fragment healing [4]. The principle 

also suggests placement of the plate on the bony surface 

under conditions of distractive force. However, in older 

patients with low bone mineral density (BMD), low-energy 

injuries occasionally result in severe comminuted metaph-

yseal DRFs. Furthermore, it could be extremely difficult to 

fix and maintain for each volar fragment with long VLP.

In particular, for the maintenance of the radial length 

during plating and surgical manipulations (e.g., distal trac-

tion), a few free fragments never contact with other frag-

ments, inevitably. Thus, we hypothesized the inevitable 

elimination for these irreducible fragments of volar cortex 

with comminution would not affect the final outcomes, if 

the radiological parameters of the radius were restored using 

long VLPs. Here, we report the final radiological and clinical 

outcomes of this procedure after at least 2 years of follow-up, 

along with factors that may influence these outcomes.

Methods

Ethics Statement
The study was approved by the Institutional Review Board 

of Chungnam National University Hospital (IRB No. 2021-

09-056) and performed in accordance with the principles 

of the Declaration of Helsinki. Written informed consent 

was obtained.

Patient Selection
We retrospectively analysed patients who had been diag-

nosed with DRFs at Chungnam National University Hos-

pital between March 2014 and September 2018. Among 

522 patients screened for analysis, 34 were included in 

the study. Patients were selected based on the following 

criteria: (1) age >70 years; (2) independent living before 

injury; (3) the presence of irreducible comminuted volar 

fragments at distal metaphysis or diaphysis (at least 0.5×0.5 

cm2); (4) fixation with a long VLP for DRF with the inevita-

ble elimination of one or more cortical fragments; (5) the 

presence of preoperative three-dimensional computed 

tomography (3D CT) images for the evaluation of fragment 

size; and (6) the availability of complete medical records 

and radiological data for at least 2 years postoperatively.

The exclusion criteria were (1) unstable concurrent 

ulnar fracture [7,8]; (2) other ipsilateral upper extremity 

injuries; (3) previous history of DRF treatment with conser-

vative or surgical methods; (4) multiple comorbidities (i.e., 

>3 chronic diseases requiring medication); (5) history of 

trauma in the same wrist and/or neurological involvement; 

(6) atypical forearm fracture or administration of high-dose 

bisphosphonate as adjuvant chemotherapy for malignancy 

(e.g., breast cancer or multiple myeloma) [9,10]; (7) presence 

of symptomatic arthritis in the distal radioulnar joint at the 

time of surgery; and/or (8) comorbid autoimmune connec-

tive tissue disease requiring long-term steroid therapy.

Demographic and Clinical Characteristics
Demographic factors were evaluated, including age, sex, 

smoking status, comorbidities (diabetes or other medical 

diseases) and BMD. In particular, BMD was measured at 

the time of diagnosis of osteoporosis and atypical fracture 

using a Lunar Prodigy dual-energy X‐ray absorptiometry 

instrument (GE Medical Systems) with enCORE ver. 8.8 

(GE Medical Systems). Mean score values from the hip and 

spine were recorded. The lowest T score for the proximal 

femur and lumbar spine, except for the Ward area of the 

proximal femur, was recorded. We reported the level of ex-

pertise of the two surgeons as ‘‘Level 4/highly experienced 

category’’ for surgical practices [11].

Fracture Classification and Measurement of Eliminated 
Segment Size
Preoperative radiographs (anteroposterior, lateral, and 
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oblique) and 3D CT images were evaluated to identify the 

number of articular fragments and the extent of commi-

nution. Fractures were classified using the AO system [7]. 

First, the eliminated cortical segment area was measured 

based on picture archiving and communication system 

(PACS) software (m-view 5.4; Marosis Technologies Inc.). 

The fragment area was calculated automatically with the 

PACS software using the region-of-interest tool (Fig. 1). 

Furthermore, the widest fragment diameter was measured 

intraoperatively and the corresponding radius diameter at 

the fragment location was measured concurrently. Finally, 

the ratio of the fragment diameter to the radial metaphysis/

shaft diameter was evaluated.

Classification of Ulnar Fractures
Any concurrent distal ulnar fracture was classified using 

the Q modifier, where Q1 indicates fracture of the ulnar 

styloid at its base, Q2 indicates simple fracture of the ul-

nar neck, Q3 indicates comminuted fracture of the ulnar 

neck, Q4 indicates fracture of the ulnar head, and Q5 in-

dicates fracture of the ulnar head and neck [7]. Unstable 

ulnar fractures of this area, despite reduction and internal 

fixation of the radius, were characterized by two factors 

determined intraoperatively: malalignment and instability 

[7,8]. Malalignment was arbitrarily defined as >10° angular 

deformity. Instability of the ulnar fracture after the distal 

radius had been realigned and fixed was defined as the 

tendency for fracture fragments to move relative to one 

another (>50% translation) with passive forearm rotation. 

Ulnar fractures that met these two criteria were considered 

unstable and thus, excluded in this study [7,8].

Surgical Treatment and Postoperative Management
The procedure was done with the patient in the supine 

Fig. 1. (A) A 73-year-old woman was injured during a fall. A volar cortical metaphyseal fragment with an area of 1.61 cm2 was removed 
during plating. The defect was filled with demineralized bone matrix. (B) A 78-year-old woman was injured. Two main volar cortical frag-
ments with areas of 1.81 and 1.84 cm2 were removed, and the defects were filled by morselized cancellous bone attached to the corre-
sponding cortex. Min, minimum; Max, maximum; SD, standard deviation.
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position on a radiolucent operating table. A longitudinal 

incision was made slightly radial to the flexor carpi radialis 

(FCR). Dissection was implemented between the radial ar-

tery and FCR. The pronator quadratus was then detached. 

The incision was extended proximally, depending on the 

fracture pattern and plate length, along the radial border 

of the FCR. The fracture site was exposed, and the hema-

toma was removed by rongeur and curettage. By means 

of ligamentotaxis with gentle finger traction, metaphyseal 

comminution was roughly and provisionally reduced with 

minimal manipulation. Traction was then applied, under 

fluoroscopic inspection, to determine the initial radial 

length. Then, cortical screws were fixed in proximal holes 

until proper compression could be achieved on the volar 

surface of the radius. Being pulled by assistant orthopedic 

surgeon, one or two distal locking screws were fixed after 

confirmation of radial length. During these distal fixations, 

areas with less comminution were fixed first, if possible, 

to preserve radial length. Unreducible volar free cortical 

fragments were then removed (Fig. 1). In a few patients 

with intra-articular DRFs, articular step-off was resolved by 

manipulation using a small elevator through the window of 

the original fragment location (Fig. 2). Following fixation of 

other locking screws in the distal area, final proximal lock-

ing screws were inserted. No concurrent ulnar fractures 

were fixed surgically. After surgery, the wrist was immo-

bilized in a long-arm splint. Active digit range of motion 

exercises commenced immediately postoperatively. At 3 

weeks postoperatively, the wrist was placed in a short-arm 

cast for an additional 3 weeks; physiotherapy (active and 

passive wrist mobilization without the cast) commenced at 

6 weeks postoperatively.

Radiological Evaluation
Radiological assessments were performed monthly for 3 

months after surgery, then at 3-month intervals for 1 year. 

A final evaluation was conducted at least 2 years after 

the surgery. Fracture union was defined as >3 regions of 

bone bridging among the radial, ulnar, dorsal and volar 

cortical aspects of the distal part of the radius, as observed 

on anteroposterior, lateral and both oblique projections. 

Radiographic alignment was characterized by measure-

ments of volar tilt, radial inclination, articular step-off and 

ulnar variance using standard measurement techniques 

[12]. The extra-articular type was defined as a 0-mm step-

off. Immediate postoperative measurements and final 

follow-up measurements were compared. All radiological 

images were evaluated twice by two orthopedic surgeons 

not involved in the surgeries, with a 1-day interval between 

evaluations.

Clinical Outcomes
Clinical outcomes were compared between groups at the 

final follow-up. Data were collected by an independent 

observer (an orthopedic surgeon) who was not an author 

of this study. The clinical outcomes were the visual analog 

scale (VAS) postoperative pain score, the disabilities of 

the arm, shoulder, and hand (DASH) score, and ranges of 

active motion. A score of 0 on the VAS indicated no pain, 

and a score of 10 indicated extreme pain. DASH is a 30-

item questionnaire that evaluates limitations with respect 

to the performance of daily activities, including leisure (four 

items) and work (four items). Total scores range from 0 to 

100. Active motion of the wrist joint was measured using a 

standardized technique, in which a goniometer was placed 

dorsally and laterally.

Inter- and Intraobserver Reliabilities of Radiological 
Measurements
Intraclass correlation coefficients of continuous variables 

were used as indices of inter- and intraobserver reliabilities 

[13]. Kappa values were calculated for categorical variables, 

Fig. 2. Intra-articular displacement was manipulated and reduced 
in the subchondral area through the window generated by the 
removed volar cortical fragment.
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such as fracture type [14], using Fleiss and Cohen’s ranges 

of >0.75, 0.40–0.75, and <0.40 to indicate excellent, good, 

and poor outcomes, respectively.

Statistical Analysis
The optimal sample size was calculated based on expected 

differences in the DASH score. Power analysis revealed 

that at least 23 patients were needed to detect a minimum 

difference in DASH score of 15 points between the two 

groups, with 20% assumed to be lost to follow-up, a type 

I error rate of 0.05, and a power of 0.8. These values are 

similar to those reported by Cha et al. [15] and Beaton et 

al. [16]. Associations of BMD, fragment area, and diameter 

ratio with final radiological outcomes were analysed using 

Pearson correlation. Categorical variables, such as AO clas-

sification and ulnar fracture pattern, were analysed using 

one-way analysis of variance or Scheffé post-hoc analysis 

to investigate associations with clinical outcomes. Sample 

size was calculated using G* Power ver. 3.1.9.2 (Hein-

rich-Heine-Universität Düsseldorf ). All data were anal-

ysed using IBM SPSS ver. 22.0 (IBM Corp.). In all analyses, 

P<0.05 was considered to indicate statistical significance.

Results

In total, 31 patients were included in the analysis. The mean 

patient age was 77.3±4.9 years and the mean eliminated 

fragment area was 3.30±0.68 cm2. At the final follow-up, the 

mean volar tilt, radial inclination, articular step-off, and 

ulnar variance were 10.35°±1.11°, 20.00°±0.97°, 0.58±0.62 

mm, and 0.71±0.82 mm, respectively (Table 1). There were 

no definitive correlations between BMD, fragment area, 

largest fragment diameter ratio, and differences in the final 

and immediate postoperative measurements of these ra-

diological parameters, respectively (Table 2). According to 

the fragment size, there were no differences of bony union 

at postoperative 3 and 6 months (Table 3). Furthermore, 

Table 1. Basic demographic, radiological and clinical data 
Variable Value
Age (yr) 77.3±4.9
Sex (male:female) 11:20
Smoking (yes:no) 7:24
Comorbidity (yes:no) 16:15
Bone mineral density –2.60±0.46
AO classification (A3.3:C2.2:C2.3:C3.3) 10:6:9:6
Area of eliminated fragment (cm2) 3.30±0.68
Ratio of largest diameter of eliminated fragment 0.40±0.15
Ulnar fracture pattern (Q1:Q2:Q3:Q4:Q5:Q6) 0:8:7:11:2:3
Volar tilt at just after surgery (°) 10.52±1.06
Radial inclination just after surgery (°) 20.29±0.82
Articular step-off just after surgery (mm) 0.48±0.51
Ulnar variances just after surgery (mm) 0.55±0.77
Follow-up period (mo), median (range) 26.16±1.97 (24–32)
Volar tilt at final follow-up (°) 10.35±1.11
Radial inclination at final follow-up (°) 20.00±0.97
Articular step-off at final follow-up (mm) 0.58±0.62
Ulnar variances at final follow-up (mm) 0.71±0.82
Visual analog scale 0.23±0.43
DASH score 6.41±2.38
Flexion-extension arc (°) 124.35±8.34
Pronation-supination arc (°) 133.23±8.22

Values are presented as mean±standard deviation unless otherwise 
indicated.
DASH, disabilities of the arm, shoulder, and hand.

Table 2. Correlations between the clinical factors and radiologic outcomes 

Difference between at final and just after surgery
Bone mineral density Area of eliminated cortical fragment Ratio of diameter

r P-value r P-value r P-value
Volar tilt –0.06 0.73 –0.03 0.88 0.07 0.70
Radial inclination –0.43 0.11 –0.17 0.36 0.02 0.89
Articular step-off 0.24 0.19 0.03 0.86 0.14 0.45
Ulnar variances –0.06 0.77 –0.13 0.47 0.10 0.59

clinical outcomes in terms of VAS and DASH scores were 

satisfactory (0.23±0.43 and 6.41±2.38, respectively), and the 

mean arcs of flexion-extension and pronation-supination 

were 124.35°±8.34° and 133.23°±8.22°, respectively. Clinical 

outcomes were not significantly different according to the 

AO system category (Table 4). Finally, with the exception 

of the pronation-supination arc, there were no significant 

differences among types of concurrent ulnar fracture (Table 

5).

In terms of radiological measurements, both inter- and 

intraobserver intraclass correlation coefficients indicated 
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Table 3. Differences of the union degree according to the area of eliminated cortical fragment 

Area of eliminated cortical fragment
Union at postoperative (partial:full)

χ2 P-value
3 mo 6 mo

<3.30±0.68 cm2 2:10 0:12 0.63 0.507
>3.30±0.68 cm2 2:17 0:19

Table 4. Clinical outcomes according to the AO classification 
Variable AO classification No. Mean±SD P-value
Visual analog scale A3.3 10 0.20±0.42 0.92

C2.2 6 0.17±0.41
C2.3 9 0.22±0.44
C3.3 6 0.33±0.52

DASH score A3.3 10 6.76±2.62 0.20
C2.2 6 4.72±1.21
C2.3 9 6.38±2.30
C3.3 6 7.57±2.51

Flexion-extension arc (°) A3.3 10 128.00±7.89 0.38
C2.2 6 120.83±6.65
C2.3 9 123.33±9.68
C3.3 6 123.33±8.16

Pronation-supination arc (°) A3.3 10 133.00±9.49 0.63
C2.2 6 135.00±8.37
C2.3 9 130.56±8.08
C3.3 6 135.83±6.65

SD, standard deviation; DASH, disabilities of the arm, shoulder, and hand.

Table 5. Clinical outcomes according to the ulnar fracture type 
Variable Ulnar fracture No. Mean±SD P-value
Visual analog scale Q1 8 0.12±0.35 0.49

Q2 7 0.43±0.53
Q3 11 0.27±0.47
Q4 2 0.00±0.00
Q5 3 0.00±0.00

DASH score Q1 8 5.48±1.73 0.14
Q2 7 8.08±2.35
Q3 11 6.68±2.58
Q4 2 5.58±3.08
Q5 3 4.59±0.50

Flexion-extension arc (°) Q1 8 120.62±10.84 0.08
Q2 7 126.43±6.27
Q3 11 127.27±6.47
Q4 2 130.00±0.00
Q5 3 115.00±5.00

Pronation-supination arc (°)a) Q1 8 138.75±3.54 <0.001
Q2 7 134.29±5.35
Q3 11 135.00±5.92
Q4 2 117.50±10.61
Q5 3 120.00±0.00

SD, standard deviation; DASH, disabilities of the arm, shoulder, and hand.
a)Post-hoc: Q1, Q2, Q3>Q4, Q5.
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high reproducibility [13]. The κ-values of the category clas-

sification of the AO system and ulnar fractures were 0.89 

and 0.85, respectively [14].

Discussion

There were some particular points for treatment of DRFs 

with volar metaphyseal cortical comminution for elderly 

patients, compared for fracture healing of the ordinary 

long bone through the well-established guideline of trau-

matology (AO principle). First, management of this injury 

requires basic knowledge concerning the distal one-third 

of the antebrachium and wrist. Furthermore, the metaph-

ysis in DRFs in older patients exhibits further comminu-

tion, osteoporotic features, and concurrent dorsal cortex 

fragments, compared with ordinary long bone fractures 

[17,18]. Thus, the concepts of lag screw and compressive 

fixation for inter-segmental or butterfly fragments are 

difficult to apply. Second, VLPs have been established as 

an excellent option for a few decades and are associated 

with minimal complications. In particular, both fixed- and 

variable-angle VLPs have been used for the fixation of DRF 

fragments. Therefore, osteoporotic bones can be firmly 

secured by at least three-fourths of the distal locking screw 

length, considering the distance from the volar to dorsal 

cortex [19]. Furthermore, a distally angulated plate design 

of approximately 10° in the sagittal plane is essential for 

the restoration of volar tilt for radiocarpal articular surface 

by simple plating on the volar surface. To our knowledge, 

there have been no specific options for the fixture of me-

taphyseal comminuted DRFs, except for long VLPs market-

ed by several companies. Accordingly, long dorsal plating 

(bridging plate) under distractive conditions satisfies the 

AO principle, but has minimal supporting clinical evidence 

in this context [20-22]. Finally, the values of volar metaphy-

seal fragments should be estimated in a manner that differs 

from those of medial calcar fragments in the proximal hu-

merus and femur. Indeed, the thickness and size of these 

fragments could be critical for fracture healing. However, 

precise and anatomical reduction with specific fragment 

geometry is difficult and can be more problematic in terms 

of radial length maintenance. Therefore, we first focused 

on length maintenance, then eliminated the resulting free 

volar cortical fragments, inevitably.

However, one aspect was consistent with the AO princi-

ple with the current surgical procedure. Because fragments 

were removed inevitably, rather than because of failure 

during attempted reduction, there was minimal manipu-

lation of the metaphysis. Thus, the overall operation time 

was similar to that of ordinary DRFs. A minimally invasive 

method was described by Wei et al. [3], which was very 

similar to our approach in terms of hypothesis, treatment 

rationale and outcomes, although it involved preservation 

of the pronator quadratus. However, considering the basic 

demographic data and surgical method in the study, Wei et 

al. [3] inserted screws only in the most distal rows of distal 

plate areas. Furthermore, their degrees of comminution 

and displacement of articular fragments were somewhat 

less complicated than in our study, so the minimally inva-

sive method may be suitable for some patients. In many of 

our patients, the comminution around articular area and 

the articular displacement were definitive, such that frag-

ments reduction and plating were difficult to achieve while 

preserving the pronator quadratus. In a few patients, artic-

ular displacement was manipulated through the window 

made by comminuted proximal metaphysis fragments, 

after incision of the pronator quadratus (Fig. 2).

Although final solid union was achieved, all patients 

were informed that the VLP should not be removed during 

the follow-up period, if possible. When necessary, the rea-

sons for removal were median nerve irritation, tendon-re-

lated concerns and procedures such as wrist fusion [19,23-

27]. Among these, tendon-related concerns were the only 

risks that could be minimized during plating. Thus, the 

distal margin of the plate was adjusted to be categorized 

as "Soong grade 0 or 1” to reduce the risk of flexor attrition 

[26], and all distal screws were inserted 2–3 mm shorter 

than the distance to the dorsal cortex for patients with ex-

tensor problems (Fig. 3). As expected, the area from which 

the eliminated cortical fragment had been removed was 

considered a definitive defect at the final follow-up. How-

ever, no patient symptoms or signs merited plate removal.

We filled defects caused by cortical fragment elimina-

tion with either a morselized cancellous graft from the 

removed fragment, tricalcium phosphate or demineralized 

bone matrix. If there were little amount of cancellous bone 

attached to the cortical fragment, we added synthetic ma-

terial if the patient agreed, due to its high cost. At the final 

follow-up, all fractures had healed with various types of 

cortical defects present in simple radiographs without any 
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signs of non-union, radial shortening or metal breakage 

(Fig. 4). Although there have been a few comparative stud-

ies of materials used to fill comminuted radii in humans 

[28-30], long VLPs can guarantee the restoration of radio-

logical parameters immediately after surgery, regardless of 

residual metaphyseal defects.

In all patients, concurrent ulnar fractures were treated 

conservatively in this study. Because many studies have 

been performed concerning ulnar styloid fractures in 

DRFs without distal radioulnar joint instability, there is a 

decreasing need for fixation, especially in older patients 

[31,32]. In this study, a few cases of styloid non-union (Q1) 

did not affect the final clinical outcomes (Table 5). Further-

more, the head, neck and metaphysis healed after radius 

union, following firm VLP fixation. Decisions for conserva-

tive treatment of these types of concurrent ulnar fractures, 

was based on also the several reports since 2010 [33,34], 

thus all concurrent head, neck and metaphyseal ulnar 

fractures exhibited satisfactory union in this study (Fig. 5). 

Patients with Q4 and Q5 ulnar fractures exhibited slight re-

ductions in their pronation-supination arcs, but their daily 

activities were not limited, and the overall VAS and DASH 

scores were satisfactory for these patients.

Considering the clinical evaluation, there are two im-

portant points related to the older age of our patients. 

First, some patients had advanced arthritic changes in the 

radiocarpal joint at the final follow-up, compared with the 

time of injury. However, their clinical statuses were not 

Fig. 3. A3.3 distal radius fracture with multiple comminuted metaphysis. At the final follow-up, the volar tilt and radial inclination was 9° 
and 20°, respectively, with the plate position of Soong grade 1. The lengths of the distal screws were approximately two-thirds distance 
from the volar to dorsal surface.

Fig. 4. Cortical defects identified in three patients. Mechanical 
support from long volar locking plates ensured volar cortex sta-
bility.

Fig. 5. With the exception of ulnar styloid fractures, satisfactory 
union at the final follow-up was observed for other types of con-
current ulnar fractures.
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compromised. Second, DASH scores revealed incomplete 

recovery, but the patients’ subjective conditions (including 

VAS scores) were satisfactory. We presume that these were 

because most older patients had previously adjusted to 

physical conditions appropriate for their age, and because 

of aging-related reductions in demands on the upper ex-

tremities [33].

This study had some limitations. First, it was not a com-

parative trial. Comparisons among patient groups with 

similar characteristics (e.g., age, BMD, or fracture pattern) 

would provide further insight for DRF management. Sec-

ond, we could not suggest solutions for rare conditions 

requiring plate removal beyond those described in this 

article. After plate removal, the cortical defect will be a very 

vulnerable point for another fracture. Finally, the benefits 

of inevitable elimination for comminuted fragments rather 

than fixation or preservation were not compared statisti-

cally with control group. Satisfactory radiologic and clinical 

outcomes with shorter surgery time and easier manipula-

tion should be verified by comparative study in future.

Conclusions

For the maintenance of radiological parameters of the 

radius, long VLPs are useful for treating elderly patients 

with DRFs who exhibit metaphyseal comminution, despite 

concurrent ulnar fractures. The inevitable elimination of 

irreducible free cortical comminuted fragments does not 

affect final radiological and clinical outcomes, despite the 

presence of bony defects in simple radiographs.
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Background: The purpose of this study was to investigate the radiological and clinical 
outcomes after interpositional tricortical iliac bone graft with plate fixation for the non-
union of clavicle midshaft fractures.
Methods: Between 2007 and 2020, 17 cases who were treated by interpositional tricorti-
cal iliac bone graft with plate fixation for the clavicle midshaft nonunion combined with 
bone defect were investigated. The mean age was 53 years (range, 22–70 years). The mean 
follow-up period was 102.2 months (range, 18–193 months). Serial plain radiographs were 
used to evaluate radiological outcomes. The University of California, Los Angeles (UCLA) 
score, American Shoulder and Elbow Surgeons (ASES) score, and Quick-disabilities of the 
arm, shoulder, and hand (DASH) score were used to evaluate clinical outcomes. Complica-
tions were also evaluated.
Results: All cases achieved complete bony union with mean healing time of 17.6 weeks 
(range, 14–22 weeks). The mean clavicle length difference was significantly decreased 
from 9.1 mm preoperatively to 2.6 mm postoperatively (P<0.001). The mean UCLA and 
ASES scores were significantly improved from 18.1 and 52.2 before surgery to 30.6 and 
88.6 after surgery (both P<0.001), respectively. The mean final Quick-DASH score was 
18.0. Three cases (17.6%) developed postoperative complications including two cases of 
shoulder stiffness and one case of screw irritation.
Conclusions: Interpositional tricortical iliac bone graft with plate fixation for the clavicle 
midshaft nonunion demonstrated excellent radiological and clinical outcomes. In cases of 
atrophic nonunion combined with bone defect, this technique is an effective option that 
can provide structural support and restore clavicle length.
Level of evidence: Level IV, case series.
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Introduction

Clavicle midshaft fractures are common injuries which account for 2%–10% of adult 

fractures and more than 70% of all clavicle fractures [1-3]. Although conservative or 

surgical treatments for these fractures produce satisfactory radiological and clinical 

outcomes, nonunion after the treatment has been reported to be between 0.1%–15% 

[1,4,5]. A systematic review described that overall incidence of clavicle nonunion is 

approximately 5.9% [5,6]. However, the incidence may be as high as 15% for some 

fracture subtypes [5,6].

Due to pain and functional disability, symptomatic clavicle midshaft nonunion 
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may require surgical intervention. Recent studies have re-

ported that clavicle shortening may lead to disturbances in 

scapular and glenohumeral kinematics as well as cosmetic 

deformity [1,6-8].

The primary goal of surgical intervention for clavicle 

midshaft nonunion is to make an alignment and environ-

ment conducive to bony union with restoration of clavicle 

length [6]. Various operative techniques for the treatment 

of the clavicle midshaft nonunion have been reported, 

including plate fixation, intramedullary fixation, external 

fixation, lag screw fixation, bone grafting, or combinations 

thereof [1,9]. Although there is no prospective comparative 

study for these treatment options due to the rarity, most 

surgeons have agreed that open reduction and plate fixa-

tion with bone graft is the gold standard technique for the 

treatment of clavicle midshaft nonunion [10]. Various re-

constructive and grafting techniques have been described, 

but there is some controversy regarding the necessity, type, 

and technique of bone graft for the treatment of the clavi-

cle midshaft nonunion [1].

In cases of persistent atrophic nonunion, autogenous 

bone graft is considered the best option due to its osteo-

genic, osteoconductive, and osteoinductive properties 

[10]. Several grafting techniques have been introduced, 

such as cancellous bone graft, strut bone graft, intercalary 

bone graft, and vascularized bone graft [1,6,8-12]. Zhang et 

al. [9] reported high rate of bone union after plate fixation 

and autogenous cancellous bone graft with satisfactory 

clinical outcomes for atrophic clavicle nonunions. In cases 

with atrophic fracture ends or bone defect, cortical bone 

graft may be necessary for restoration of clavicle length [8]. 

Several studies have advocated that restoration of clavicle 

length compared with the contralateral side is important 

for clinical outcomes after surgery [6-8]. Therefore, struc-

tural bone graft using autogenous iliac bone is effective 

solution for atrophic clavicle nonunion combined with 

bone defect [7,8,10-14]. However, there has been little 

study on descriptive surgical details for interpositional 

bone graft with plate fixation and its efficacy for restoration 

of clavicle length.

The purpose of this study was to evaluate the radiolog-

ical and clinical outcomes after interpositional tricortical 

iliac bone graft with plate fixation for the nonunion of clav-

icle midshaft fractures. This study was conducted to iden-

tify whether this technique would promote effective bone 

healing and restore clavicle length.

Methods

Ethics Statement
The study was approved by the Institutional Review 

Board of Keimyung University Dongsan Hospital (IRB No. 

202405046) and performed in accordance with the princi-

ples of the Declaration of Helsinki. Written informed con-

sent was obtained.

Patient Selection
We retrospectively reviewed 18 cases who were treated by 

interpositional tricortical iliac bone graft with plate fixa-

tion for clavicle midshaft nonunion combined with bone 

defect in Keimyung University Dongsan Hospital between 

2007 and 2020. The inclusion criteria were patients with 

(1) symptomatic atrophic nonunion caused by failure of 

union after conservative or operative treatments; (2) bone 

defect >10 mm after resection of both sclerotic margins. 

The exclusion criteria were patients with (1) hypertrophic 

or oligotrophic nonunion; (2) pathologic nonunion; or (3) 

follow-up period ≤12 months after index surgery. One pa-

tient was excluded due to lack of follow-up evaluation. The 

remaining 17 patients were included in this study.

Patient’s demographic data was listed in (Table 1). The 

mean age of the patients at the time of index surgery was 

53 years (range, 22–70 years). There were 14 males and 

three females. Nine patients underwent index surgery on 

left side. The injury mechanism at the time of initial frac-

ture were traffic accidents in nine cases and slip down in 

eight cases, and the mean interval from initial treatment 

after fracture to index surgery was 14.3 months (range, 5–60 

months).

For the initial fracture, there were five cases of conser-

vative treatment. Twelve cases were transferred to our 

clinic after surgical treatment at another hospital. All cases 

demonstrated atrophic nonunion. The causes of nonunion 

were categorized as follows: five cases of failed conser-

vative treatment, nine cases of fixation failure, and three 

cases of fracture-related infection. All surgical procedures 

were performed by a single surgeon (CHC) at a single insti-

tution. The mean follow-up period after index surgery was 

102.2 months (range, 18–193 months).
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Operative Technique
With the patient in the supine position, a skin incision 

was made along the longitudinal axis of the center of the 

fracture site or according to the previous surgical scar. 

The nonunion site was sufficiently exposed, and the sur-

rounding fibrous tissues were removed. Sclerotic bone was 

then completely resected until a healthy bone is produced 

with bleeding. Length of the defect area was measured 

using a ruler after trimming both margins perpendicular 

to the longitudinal axis of the clavicle. Depending on the 

measured length of the bone defect, a tricortical iliac bone 

block was taken using an oscillating saw. Cancellous bone 

was also harvested. To obtain structural support, the tri-

cortical iliac bone block was interposed between both frag-

ments, followed by plate fixation. The plate with sufficient 

length was selected and at least three screws were inserted 

on each side of the proximal and distal fragments to pro-

vide sufficient fixation.

Dynamic compression screw technique was used to 

increase contact surface between the host bone and the 

graft bone on each side (Fig. 1). If the interposed iliac bone 

block is long, it was fixed with a screw through the hole 

of the plate. In six cases, a 3.5-mm reconstruction locking 

compression plate (Synthes) was used and an anatomical 

pre-contoured clavicle plate (Acumed) was used in the 

other 11 cases. Wearing the arm sling for 4 weeks after 

index surgery, active and passive shoulder motions were 

begun once the pain was tolerable.

Outcome Measurement
Radiological outcomes were assessed by serial plain radio-

graphs to confirm bone union and clavicle length differ-

Fig. 1. Steps of the interpositional tricortical iliac bone graft with plate fixation. (A) Exposure of the nonunion site. (B, C) Resection of 
sclerotic bone with trimming both margins to be perpendicular to the long axis of the clavicle. (D) Measurement of the length of the bone 
defect. (E) Interposition of tricortical iliac bone block between both fragments. (F) Plate and screws fixation.
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ence (CLD) after index surgery. Bony union was defined 

as a completely bridging bone in both anterosuperior 

and oblique views of clavicle. Using both anteroposterior 

clavicle plain radiograph, total length of the clavicle was 

measured bilaterally and defined as the linear distance be-

tween the midpoint of the acromial end and the midpoint 

of the sternal end of the clavicle (Fig. 2). Clinical outcomes 

were assessed using the University of California, Los Ange-

les (UCLA) score, American Shoulder and Elbow Surgeons 

(ASES) score, and Quick-disabilities of the arm, shoulder, 

and hand (DASH) score. Intraoperative and postoperative 

complications were also evaluated.

Statistical Analysis
Statistical analysis was performed using IBM SPSS ver. 25.0 

(IBM Corp.). The Wilcoxon signed-rank test was used for 

comparison of ASES and UCLA scores between preoperative 

and final follow-up evaluations. The point biserial correla-

tion analysis, Kendall rank correlation analysis, and Spear-

man correlation test were used to determine the correlation 

between clinical outcomes and variables such as age, sex, 

involved side, cause of nonunion, initial treatment, interval 

Fig. 2. Preoperative radiographs of 48-year-old man (case no. 14) 
with right atrophic clavicle nonunion. The clavicle length (red line) 
was determined on standard anteroposterior plain radiograph by 
measuring the linear distance between the midpoint of the acro-
mial end and the midpoint of the sternal end of the clavicle.

Fig. 3. Intraoperative photos (case no. 14). (A) Sufficient resection of sclerotic bone. (B) Measurement of the length of the bone defect. (C) 
Interposition of tricortical iliac bone block. (D) Plate and screws fixation.

from initial treatment to index surgery, union time, and final 

CLD. Statistical significance was set at P-values of <0.05.

Results

In all cases, complete bony union was achieved (Figs. 3 and 
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4). The mean time of union was 17.6 weeks (range, 14–22 

weeks). The mean CLD was significantly decreased from 9.1 

mm (range, 2.5–16.4 mm) before surgery to 2.6 mm (range, 

0.3–5.6 mm) after surgery (P<0.001).

The mean UCLA and ASES scores were significantly im-

proved from 18.1 and 52.2 before surgery to 30.6 and 88.6 

after surgery (both P<0.001). The mean final Quick-DASH 

score was 18. No differences were observed between final 

clinical scores and variables including age, sex, involved 

side, cause of nonunion, initial treatment, interval from 

initial trauma to index surgery, union time, and final CLD 

(P>0.05) (Table 2).

Three cases (17.6%) developed postoperative compli-

cations, including two cases of shoulder stiffness and one 

case of screw irritation. No donor site morbidity was found 

for any case. A patient (case no. 7) with shoulder stiffness 

underwent implant removal and arthroscopic capsular 

release at 12 months after the index surgery. A patient (case 

AA

CC

BB

Fig. 4. Postoperative radiographs and clinical photos (case no. 14). (A) Immediate postoperative image. (B) Image at final follow-up evalua-
tion. (C) Clinical photos at final follow-up evaluation. Written informed consent for using the images was obtained from the patient.

Table 2. Correlations between final clinical scores and variables 

Variable
Final UCLA score Final ASES score Final Quick-DASH score

r P-value r P-value r P-value
Age 0.357 0.159 0.321 0.208 –0.014 0.957
Sex –0.227 0.382 –0.070 0.789 –0.025 0.923
Involved side 0.219 0.399 0.139 0.595 –0.182 0.484
Type of nonunion –0.157 0.544 –0.132 0.606 0.327 0.197
Initial treatment 0.064 0.808 0.086 0.743 –0.155 0.552
From IT to IS 0.009 0.973 0.188 0.470 0.047 0.859
Union time –0.249 0.334 –0.218 0.401 0.272 0.291
CLD –0.217 0.402 –0.166 0.525 0.099 0.705

UCLA, University of California, Los Angeles; ASES, American Shoulder and Elbow Surgeons; DASH, disabilities of the arm, shoulder, and hand; IT, initial 
trauma; IS, index surgery; CLD, clavicle length difference.
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no. 11) with screw irritation underwent implant removal 

at 18 months after the index surgery. Two patients (cases 

no. 8 and 10) without any discomfort underwent implant 

removal by patient’s request. There were no complications 

such as refracture after implant removal.

Discussion

Plate fixation with bone graft is considered the best choice 

for atrophic clavicle nonunion [6,15]. Undoubtedly, when 

compared with other fixation techniques, plate fixation has 

more advantages in controlling rotational force and recov-

ering from clavicle shortening. However, techniques for 

plating or bone graft are still controversial.

Most surgeons agree that bone graft is necessary for the 

treatment of clavicle nonunion. Nevertheless, several stud-

ies have reported good radiological and clinical outcomes 

with plate fixation or external fixation without bone graft 

[16,17]. Huang et al. [17] reported the utilization of a dy-

namic compression plate without bone graft is an effective 

option in cases with atrophic clavicle nonunion. In con-

trast, van der Meijden et al. [3] recommended that plate 

fixation and bone graft is the best treatment option for 

symptomatic clavicle midshaft nonunion, including local 

bone graft for hypertrophic nonunion and iliac bone graft 

for atrophic nonunion.

Although there is controversy for the shortening of the 

clavicle length after fracture, it has been reported that, if 

the clavicle is shortened by more than 15–20 mm, it can 

cause shoulder abduction weakness and substantial prob-

lems in shoulder function due to abnormal kinematics [6-

8]. Therefore, restoration of the clavicle length in surgical 

treatment of atrophic clavicle nonunion is important for 

recovery of shoulder function. Intercalary tricortical iliac 

bone graft or free vascularized bone graft has been re-

ported as a good treatment options for atrophic nonunion 

with severe bone defect. Bone defects of 1.5–3 cm should 

be interposed with a tricortical iliac bone graft to prevent 

the shortening of the clavicle length [6,14]. A vascularized 

bone graft can be used for extremely rare cases with larger 

defects >3 cm [6,14].

A few surgeons have advocated the necessity of inter-

calary autogenous bone graft for atrophic clavicle non-

union [7,8,11,13,14,18]. Simpson and Jupiter [18] reported 

excellent radiological and clinical outcomes after plate 

fixation with intercalary tricortical iliac bone graft for clav-

icle midshaft nonunion, especially in the case of atrophic 

nonunion or bone defect. Ballmer et al. [11] reported satis-

factory results after intercalary tricortical iliac bone graft in 

patients with bone defects over 15 mm. They emphasized 

that intercalary tricortical iliac bone graft is important for 

restoration of the function of the acromioclavicular joint 

and sternoclavicular joint with the preservation of the cos-

toclavicular space [11]. Rollo et al. [8] reported intercalary 

allograft bone graft can be used in place of vascularized 

bone graft for cases with significant bone loss. Lim et al. [12] 

introduced the dual bone graft technique with plate fixa-

tion, which showed satisfactory results. Bridging over the 

nonunion gap, iliac cortical bone graft was placed under 

the nonunion site and cancellous bone was packed into 

the gap [12]. We totally agreed on the necessity of struc-

tural bone graft for atrophic clavicle nonunion and have 

used interpositional tricortical iliac bone graft technique 

for the cases with bone defect >10 mm after resection of 

both sclerotic margins. The present study demonstrated 

that this technique for atrophic clavicle nonunion pro-

duced excellent the radiological and clinical outcomes. To 

prevent shortening of the clavicle length and provide struc-

tural support, a tricortical iliac bone with 2–3 mm long to 

match the length of the bone defect area was harvested. 

Accordingly, a tricortical iliac bone block was interposed 

in a somewhat tight manner. Then, plate and screws were 

fixed using a dynamic compression technique. These me-

ticulous procedures may have a positive effect on complete 

bone healing and prevention of refracture after implant 

removal. The results of this study have led us to believe 

that several factors attributed to the excellent radiological 

and clinical outcomes. First, the interpositional tricortical 

bone graft restored the clavicle length. Second, a dynamic 

compression plating technique with autogenous bone graft 

provided both biological healing ability and mechanical 

stability.

Surgeries for clavicle midshaft nonunion are related to 

more complications when compared with those for acute 

fractures [13,19,20]. Faraud et al. [19] reported that 15 out 

of 21 cases (71.4%) achieved complete bone healing after 

plate fixation and bone graft for the clavicle midshaft non-

union. Six cases with complications required a revision 

procedure, including three cases of infection and three 

cases of fixation failure. Wiss and Garlich [20] reported 
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that 63 out of 71 cases (87.3%) achieved complete bone 

union after plate fixation with or without bone graft for 

the clavicle midshaft nonunion. Three cases (4.2%) with 

revision surgery achieved bone union, but six cases (8.5%) 

had remained nonunion. Clavicle nonunions caused by 

failed previous surgery can decrease the biologic healing 

potential and may lead to failure of union after the revision 

surgery [12]. In the present study, 12 cases presented with 

atrophic nonunion after surgery including, nine cases of 

fixation failure and three cases of fracture-related infection. 

However, all cases achieved complete bone union without 

any major complications.

Superior plating is associated with hardware promi-

nence due to the subcutaneous position of the plate and 

sometimes needed hardware removal [1]. Hollo et al. [7] 

reported that plate fixation with cortical bone graft for 

clavicle nonunion produced a high rate of bone union with 

restoration of the clavicle length. However, four refractures 

occurred after plate removal and three of them required 

revision [7]. Disadvantages of autogenous iliac bone graft 

included the limited volume of available bone, increased 

operative time, and donor site morbidity such as pain, he-

matoma formation, and iliac fracture [6,15,20]. Beirer et al. 

[13] reported excellent clinical and radiologic results after 

iliac bone graft and plate fixation for 14 cases with clavicle 

nonunion or malunion. However, two cases experienced 

a secondary fracture of the anterior superior iliac spine as 

a complication at the donor site and one case experienced 

refracture after implant removal [13]. They emphasized 

that the decision and timing of implant removal should be 

individually and carefully counseled. The present study 

revealed that three cases (17.6%) had postoperative com-

plications, including two cases of shoulder stiffness and 

one case of screw irritation. No donor site morbidity was 

found for any case. Although only four cases had implant 

removal, the patients did not have refracture after implant 

removal.

This study has several limitations. First, this is a retro-

spective study. Second, the number of cases was small. 

Third, there was no comparison with the control group. 

Fourth, clavicle length measured by plain radiograph may 

not be accurate due to distorted rotation caused by X-ray 

beams.

Conclusions

Interpositional tricortical iliac bone graft with plate fixation 

for the clavicle midshaft nonunion demonstrated excellent 

radiological and clinical outcomes. In cases of atrophic 

nonunion combined with bone defect, this technique is 

an effective option that can provide structural support and 

restore clavicle length.
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Background: The purpose of this study was to retrospectively evaluate the radiographic 
and clinical results of a small single or double low-profile plate fixation of 2.0/2.4 mm 
locking compression plate (LCP) in treating isolated greater tuberosity (GT) fractures of the 
humerus.
Methods: From June 2015 to October 2022, patients who underwent LCP in treating iso-
lated GT fractures of the humerus were included in this study. The radiological and clinical 
results were analyzed in 15 patients who underwent open reduction and internal fixation 
used 2.0/2.4 mm LCP.
Results: Bone union was achieved in 14 patients (93.3%) and one failed case was treated 
with a 2.4 mm single LCP fixation. Radiological union was achieved within 10–20 weeks. 
Complications occurred in two patients (13.3%), including the reduction failure and 
shoulder stiffness. At the final follow-up, the average clinical scores were as follows: a vi-
sual analog scale for pain of 2.1 (range, 0–5) and a University of California, Los Angeles 
score of 27.2 (range, 18–31). Regarding range of motion (ROM), the average active ROMs 
were 142° for forward flexion (range, 120°–150°), 147.1° for abduction (range, 120°–
180°), and 59.3° for external rotation (range, 45°–80°). For internal rotation, the average 
was observed to reach the 10th thoracic vertebra (range, 1st lumbar vertebra–7th thoracic 
vertebra).
Conclusions: The clinical and radiologic outcomes of treating isolated GT fracture using 
2.0/2.4 mm LCP were favorable, and double low-profile plate fixation may be beneficial 
for sufficient fracture stability if possible.
Level of evidence: Level IV, case series.

Keywords: Shoulder; Shoulder fractures; Internal fracture fixation; Internal fixators; Bone 
plates
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Introduction

Of proximal humeral fractures, isolated greater tuberosity (GT) fractures of humerus 

accounted for approximately 20% [1]. For patients with proximal humeral fractures, 

3.5 mm locking compression plate (LCP) Proximal Humeral Internal Locking System 

(PHILOS, DePuy Synthes) was commonly used for fixation. Geiger et al. [2] reported 

that the PHILOS plate provided sufficient fracture stabilization for the treatment of 

proximal humeral fractures in elderly patients and that subacromial impingement 
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occurred in approximately 20% of proximal humeral frac-

tures treated with the PHILOS plate, which was mainly due 

to the superior position of the plate. For humerus avulsion 

type GT fracture with small fragments, the recommended 

placement of a locking plate relatively superiorly might 

provide more secure fixation of the fragments, but might 

increase impingement [3]. To prevent secondary subacro-

mial impingement and secure fixation in the treatment of 

isolated GT fractures of the humerus, several authors have 

proposed various techniques, including cannulated screw 

fixation, tension band wiring, and arthroscopic double-row 

suture anchor fixation [3–5]. However, complications such 

as cortical breakage and reduction loss, anchor pull-out 

failure, and rotator cuff damage have been reported in el-

derly patient with osteoporosis or osteopenia [5–7].

In a comparative biomechanical study using animals, 

Gaudelli et al. [8] compared fixation of humerus split type 

GT fractures with a calcaneal locking plate (DePuy Syn-

thes), a tension band, and a double row suture bridge and 

reported that a locking plate fixation provided the strongest 

and stiffest biomechanical fixation. Several authors have 

showed reliable stability and good clinical results in the 

fixation of isolated GT fractures using low-profile system, 

such as the one-third tubular plate, LCP mesh plate, LCP 

hook plate, or X-shaped midfoot locking plate [9–14]. Au-

thors thought that 2.0/2.4 mm LCP miniplate (DePuy Syn-

thes) might enable specific fragment fixation and enhance 

the low-profile advantage in isolated GT fractures. To the 

best of our knowledge, no studies have been reported 

fixation of 2.0/2.4 mm LCP in isolated GT fractures of hu-

merus. The purpose of this study was the results of treating 

isolated GT fractures with open reduction and internal fix-

ation (ORIF) using a 2.0/2.4 mm LCP.

Methods

Ethics Statement
The study was approved by the Institutional Review Board 

of Daegu Fatima Hospital (IRB No. 2024-10-001) and per-

formed in accordance with the principles of the Declara-

tion of Helsinki. Written informed consent was waived.

Patient Selection
We retrospectively studied the records of patients with iso-

lated GT fractures who underwent ORIF between June 2015 

and October 2022 and could be followed up for more than 

6 months. Among the 66 patients, we select the 15 patients 

who underwent ORIF used 2.0/2.4 mm LCP and evaluate 

the clinical and radiological outcomes. The surgical indi-

cation was an at least 5 mm displacement of the GT as ob-

served in either simple radiography or three-dimensional 

computed tomography (CT) (Fig. 1). All fractures were 

evaluated with the anteroposterior, Grashey and scapular 

Y view throughout the follow up period. All patients un-

derwent CT scans to assess the pattern of fracture, degree 

of comminution and the morphological classification of 

the GT fragment (avulsion, split, or depression) according 

to Mutch et al. [14]. All patients underwent magnetic reso-

nance imaging scans to assess the rotator cuff and associ-

ated injuries.

Exclusion criteria encompassed (1) individuals without a 

minimum 6-month follow-up postsurgery; (2) those with a 

prior history of shoulder surgery; (3) participants with ad-

ditional injuries necessitating separate surgical interven-

tions; (4) individuals experiencing neurovascular injuries 

preoperatively; and (5) patients with nonunion of the GT 

fracture.

Surgical Technique
Under the general anesthesia, the patient was placed in 

beach chair position on the operation table. The fracture 

site was visualized using a deltopectoral approach, and 

the supraspinatus tendon attached to the displaced GT 

Fig. 1. A shoulder anteroposterior (A) three-dimensional comput-
ed tomography (B) of the right shoulder of a 58-year-old male 
patient with a displaced and comminuted isolated fracture of the 
greater tuberosity of the humerus.
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fragment was stabilized with Ethibond (Ethicon) sutures. 

We then pulled it downwards to achieve reduction of the 

fracture site, and confirmation of reduction was done using 

a C-arm. Subsequently, a 2.0/2.4 mm LCP miniplate was 

positioned on the fracture site and aligned with the con-

tours of the fracture using bender. Temporary fixation was 

attempted using K-wires. In cases of severe comminution, 

additional anchors (Y-knot anchor or raptomite suture 

anchor) were used on the proximal fracture site before 

plating and passed the suture through the rotator cuff to 

reduce the GT fracture. Then double plates were applied 

to each fracture segment after aligning the contours. After 

confirming reduction of the fracture segments and plate 

position, screw fixation was performed (Fig. 2). To provide 

appropriate tension to the rotator cuff, augmentation was 

performed using Ethibond or Fiberwire (Arthrex) through 

the empty holes of the 2.0/2.4 mm LCP. In some cases, ten-

sion band wires were used to increase the fixation strength 

and stability of the rotator cuff. In cases of poor bone qual-

ity, autograft or allograft bone grafting was performed in 

conjunction. Postoperative radiography was preformed to 

assess the fracture reduction and fixation.

Rehabilitation
All patients received standardized postoperative care, with 

the same treatment protocol applied regardless of the frac-

ture type or degree of comminution. After the surgery, a 

shoulder immobilizing brace with an abduction pillow was 

used for a duration of 4 weeks. During the second week 

post-surgery, patients began gentle passive forward flexion 

arm exercises. At the 4-week mark, the brace and abduc-

tion pillow were removed, and patients initiated passive 

range of motion (ROM) exercises in all directions, as well 

as active mobilization.

Radiologic and Clinical Evaluation
We evaluated dual-energy X-ray absorptiometry to mea-

sure the lumbar spine and femoral bone mineral density. 

As a criterion for diagnosing osteoporosis, a T score of –1 to 

–2.5 was defined as osteopenia and below –2.5 was defined 

as osteoporosis. During the follow-up period, we evaluat-

ed the following radiological parameters: bone union and 

time to union. Time-to-union was determined as the point 

when cortical continuity was observed on one of the three 

planes of plain radiography (anteroposterior, Grashey, or 

scapular Y view), and when tenderness at the fracture site 

subsided. Anatomical reduction was defined as a distance 

between the GT and the humeral head of 4 to 10 mm at the 

final follow-up. Similarly, a loss of reduction was defined 

as a displacement greater than 3 mm at the final follow-up 

compared to the immediate postoperative radiograph. 

For all surgically treated patients, follow-up imaging was 

conducted at least up to 6 months postoperatively, with 

evaluations scheduled at 1-, 2-, 3-, and 6-month intervals. 

Clinical outcomes were assessed based on the degree of 

pain and the restoration of daily functional activities. At the 

final follow-up, the following clinical outcome parameters 

were evaluated: visual analog scale (VAS) score, ROM of 

the shoulder joint, and the Shoulder Rating Scale of the 

University of California, Los Angeles (UCLA) score. Postop-

erative complications were also carefully assessed.

Results

A total of 15 patients with isolated GT fractures under-

went ORIF using 2.0/2.4 mm LCP. The average age of 

the patients was 63.8 years (range, 50–78 years), and the 

average follow-up period was 15.6 months (range, 6–78 

Fig. 2. An immediate postoperative C-arm showing open reduc-
tion and internal fixation using dual 2.4 mm locking compression 
plate for a displaced and comminuted isolated fracture of the 
greater tuberosity of the humerus.
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months). Among the patients, five were male and 10 were 

female. Eight cases involved the right side, while seven 

cases involved the left side. The fractures occurred due to 

various mechanisms, including simple falls, motor vehicle 

accidents, being hit by a heavy object, falls from height, 

and idiopathic causes. Seven patients had accompanying 

anterior dislocation of the shoulder, and four patients had 

a combined fracture at a different site. Prior to the surgery, 

all patients were assessed and found to have intact rotator 

cuffs without any evidence of tears. The surgical treatment 

was performed, on average, 14 days after the trauma (range, 

4–40 days). Important demographic data of the study group 

are shown in Table 1.

Radiological union was achieved within 10–20 weeks in 

all patients except one case of reduction failure. Although 

there was a reduction failure, bone union was confirmed 

through a subsequent reoperation using a 3.5 mm LCP 

hook plate (DePuy Synthes) (Fig. 3). In all other patient 

groups, no displacement greater than 3 mm was observed, 

and anatomical reduction was achieved. At the final fol-

low-up, the average clinical scores were as follows: a VAS 

for pain of 2.1 (range, 0–5) and a UCLA score of 27.2 (range, 

18–31). Regarding ROM, the average active ROMs were 

142° for forward flexion (range, 120°–150°), 147.1° for ab-

duction (range, 120°–180°), and 59.3° for external rotation 

(range, 45°–80°). For internal rotation, the average was ob-

served to reach the 10th thoracic vertebra (range, 1st lum-

bar vertebra–7th thoracic vertebra) (Table 2).

No postoperative infections or neurovascular complica-

tions were observed in any of the patients. However, one 

patient experienced shoulder stiffness. At the sixth week 

after the operation, the affected shoulder showed limited 

passive ROM: 80° of forward flexion, 90° of abduction, and 

10° of external rotation, indicating restricted mobility com-

Fig. 3. (A) Three-dimensional computed tomography (CT) of a 60-year-old male patient showed a split ftype comminuted isolated fracture 
of the greater tuberosity of the humerus on left shoulder. (B, C) A single 2.4 mm locking compression plate (LCP) with augmentation anchor 
suture fixation was performed. (D, E) Postoperative 1 week shoulder anteroposterior (AP) radiograph and three-dimensional CT showed re-
duction loss. (F, G) A 3.5 mm LCP hook plate with augmentation tension-band suture fixation was performed. (H) Postoperative 6 months 
AP radiograph showed complete union of the fracture.
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pared to the contralateral arm. To address this issue, we 

administered an intra-articular injection of steroids and 

initiated aggressive rehabilitation from the third postoper-

ative month. After the final follow-up, significant improve-

ments in the ROM were observed.

Discussion

This study aimed to evaluate the results of a small single or 

double 2.0/2.4 mm LCP miniplate fixation. Shin et al. [9] re-

ported that they modified a one-third tubular plate (DePuy 

Synthes) into a hook plate to fix isolated GT fractures and 

achieved fracture union in all cases, but performed a re-

operation using the same method in one case where the 

metal failure. Even in small and comminuted fractures of 

isolated GT fractures, 3.5 mm LCP hook plate provided 

less subacromial impingement and sufficient stability and 

led to satisfactory clinical and radiologic results [10,11]. 

Bogdan et al. [12] showed that the use of a variable angle 

LCP mesh plate (2.4/2.7 mm) (DePuy Synthes) to fix isolat-

ed GT fractures resulted in relatively good clinical results, 

demonstrating the benefit of a low-profile implant and no 

complication of impingement. Chen et al. [13] reported 

satisfactory clinical results using a X-shaped midfoot lock-

ing plate (DePuy Synthes) for isolated GT fractures without 

complication such as subacromial impingement, non-

union, secondary displacement, and implant loosening. 

In our study, we demonstrated bone union in 14 out of 15 

cases (93.3%) using small single or double low-profile LCP 

fixation for isolated GT fractures, and we believe that this 

technique can be considered a good alternative technique 

for small or comminuted isolated GT fractures in which 

conventional plates cannot be used.

Kim et al. [1] reported that isolated GT fractures were 

more common in young and healthy male population, 

with a mean age of 42.8 years (range, 19–73 years), and that 

concomitant shoulder dislocation occurred in 6.9%. In our 

study, the mean age was 63.8 years (range, 50–78 years), 

the incidence was higher in women, 60% had osteoporo-

sis and osteopenia, and 46.7% had concomitant shoulder 

dislocation. As society ages, the physical characteristics of 

patients were changing, and it was especially important to 

secure sufficient stability in isolated GT fractures in elderly 

patients with osteoporosis or osteopenia.

Lee et al. [11] treated isolated GT fractures using a 3.5 

mm LCP hook plate in 21 patients (mean age, 64 years), 15 

of whom had osteoporosis and osteopenia, and reported 

adequate stability and satisfactory clinical and radiograph-

ic results. In a comparative biomechanical study of clavicle 

fracture fixation, Pastor et al. [15] showed that low-profile 

2.0/2.5 mm dual plates had significantly higher initial stiff-

ness and similar fracture resistance compared to a single 

3.5 mm locking plate. In our study, one case of reduction 

failure occurred after fixation of a single 2.4 mm LCP in iso-

lated GT fractures, and bone union was achieved through 

reoperation using a 3.5 mm LCP hook plate. Although we 

were able to achieve bone union with single low-profile 

plate fixation, we believe that double low-profile plate fix-

ation would be more effective than single low-profile plate 

fixation for sufficient fracture stability.

Lee et al. [11] reported that two patients (9.5%) had burs-

al side partial thickness rotator cuff tears due to hook irrita-

tion, and these patients were repaired using a simple tran-

sosseous technique. In our study, a small single or double 

2.0/2.4 mm LCP miniplate fixation was feasible for isolated 

GT fractures without accessing the rotator cuff as much as 

a hook plate.

The present study has certain limitations that should 

be acknowledged. Firstly, the small number of included 

patients underscores the necessity for future comparative 

studies with a larger sample size and extended follow-up 

periods. Secondly, the absence of a comparative group is a 

result of introducing a new technique for isolated GT frac-

tures in this study. Currently, the authors are in the process 

of gathering and evaluating data for comparison, especially 

with the 3.5 LCP hook plate, in the context of the next re-

search study. Thirdly, the absence of biomechanical stud-

ies is also a challenge that needs to be addressed. Fourth, it 

Table 2. Clinical outcomes at the final follow-up 
Variable Mean (range)
VAS pain score 2.1 (0–5)
Range of motion
 Forward flexion (°) 142 (120–150)
 Abduction (°) 147.1 (120–180)
 External rotation (°) 59.3 (45–80)
 Internal rotation (level of spine) T10 (L1–T7)
Functional score
 UCLA 27.2 (18–31)

VAS, visual analog scale; UCLA, University of California, Los Angeles.
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is important to note that the present study is retrospective. 

However, the strength of this study is that the surgeries 

were performed at a single center using the same surgical 

technique and products from the same company, although 

the number of fixation plates varied.

In summary, the authors experienced good clinical and 

radiological outcomes of ORIF using 2.0/2.4 mm LCP for 

isolated GT fractures. This fixation methods maximize 

the advantages of a low-profile system compared to using 

a 3.5 mm LCP. It further reduces the risk of subacromial 

impingement and provides better fixation for small or 

comminuted fractures, enabling fragment-specific fixation 

and facilitating anatomical reduction. If possible, double 

low-profile plate fixation would be more effective than sin-

gle low-profile plate fixation for sufficient fracture stability. 

Moreover, it offers a solution to the previously reported 

complication of rotator cuff damage caused by the Hook 

plate. Therefore, it is suggested that the 2.0/2.4 mm LCP 

serves as an effective approach for addressing and pre-

venting rotator cuff injuries, making it a beneficial fixation 

method in both radiological and clinical settings.

Conclusions

The 2.0/2.4 mm LCP fixation for isolated GT fractures 

serves as an effective approach for addressing and pre-

venting rotator cuff injuries, making it a beneficial fixa-

tion method in both radiological and clinical settings. If 

possible, double low-profile plate fixation would be more 

effective than single low-profile plate fixation for sufficient 

fracture stability.
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1. GENERAL INFORMATION

The Journal of Musculoskeletal Trauma is the official publi-

cation of the Korean Fracture Society. It is an international, 

peer-reviewed, open-access journal dedicated to advanc-

ing the science, education, and clinical care of musculo-

skeletal trauma. The journal was first launched in 1988 and 

is published quarterly on the 25th of January, April, July, 

and October. As of October 2024, the official language of 

the journal has been changed to English.

The journal covers a wide range of topics related to mus-

culoskeletal injuries, including but not limited to: preven-

tion, diagnosis, treatment, and rehabilitation of fractures, 

dislocations, and soft tissue injuries of both the extremities 

and the axial skeleton; advances in surgical techniques, 

implants, and prosthetic devices; biomechanical and 

biological research related to trauma and tissue healing; 

rehabilitation strategies for functional recovery; and clin-

ical and translational research bridging basic science and 

clinical practice.

We invite submissions of original articles, reviews, letters 

to the editor, and editorial that contribute to the advance-

ment of musculoskeletal trauma care. Manuscripts submit-

ted to JMT should be prepared according to the following 

instructions. The journal adheres to the Recommendations 

for the Conduct, Reporting, Editing, and Publication of 

Scholarly Work in Medical Journals (http://www.icmje.

org/) from the International Committee of Medical Journal 

Editors (ICMJE).

2. ARTICLE PROCESSING CHARGE

There are no author fees required for manuscript process-

ing and/or publishing materials in the journal since all cost 

is supported by the publisher, the Korean Fracture Society 

until there is a policy change. Therefore, it is the so-called 

platinum open-access journal.

3. RESEARCH AND PUBLICATION ETHICS

The journal adheres to the guidelines for research and pub-

lication described in the Committee on Publication Ethics 

(COPE) Guidelines (https://publicationethics.org/resourc-

es/guidelines) the ICMJE Recommendations (https://www.

icmje.org), and the Good Publication Practice Guideline 

for Medical Journals (https://www.kamje.or.kr/board/

view?b_name=bo_publication&bo_id=13). Furthermore, all 

processes addressing research and publication misconduct 

shall follow the flowchart of COPE (https://publicationeth-

ics.org/resources/flowcharts). Any attempts to duplicate 

publications or engage in plagiarism will lead to automatic 

rejection and may prejudice the acceptance of future sub-

missions.

Statement of Human and Animal Rights
Clinical research should be conducted in accordance with 

the World Medical Association’s Declaration of Helsinki 

(https://www.wma.net/what-we-do/medical-ethics/dec-

laration-of-helsinki/). Any investigations involving humans 

and animals should be approved by the Research Ethics 

Committee (REC) or the Institutional Review Board (IRB) 

and Animal Care Committee, respectively, of the institu-

tion where the experiment was performed. JMT will not 

consider any studies involving humans or animals without 

appropriate approval. Such approval, along with the ap-

proval number and the name of the IRB or REC institution, 

should be stated in the Methods section of the manuscript. 

Informed consent must be obtained from patients partici-

pating in clinical investigations, unless waived by the IRB. 

In the case of an animal study, a statement should be pro-

vided indicating that the experimental procedures, such 

as the breeding and the use of laboratory animals, was ap-

proved by the REC of the institution where the experiment 

was performed or that it does not violate the rules of the 

REC of the institution or the National Institutes of Health 

(NIH) Guide for the Care and Use of Laboratory Animals 

http://www.icmje.org/
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(Institute of Laboratory Animal Resources, Commission 

on Life Sciences, National Research Council). The authors 

should preserve raw experimental study data for at least 1 

year after the publication of the paper and should present 

this data if required by the Editorial Board.

Protection of Privacy, Confidentiality, and Written  
Informed Consent
The ICMJE has recommended the following statement 

for the protection of privacy, confidentiality, and written 

informed consent: The rights of patients should not be 

infringed without written informed consent. Identifying 

details (patient’s names, initials, hospital numbers, dates 

of birth, or other personal or identifying information, pro-

tected healthcare information) should not be published 

in written descriptions. Images of human subjects should 

not be used unless the information is essential for scien-

tific purposes and explicit permission has been given as 

part of the consent. For individuals who cannot provide 

consent independently, including those from vulnerable 

populations—such as minors, the elderly, racial or ethnic 

minorities, individuals with certain health conditions, or 

those who are socioeconomically disadvantaged—consent 

should be obtained from a legally authorized represen-

tative or parent/guardian. Even where consent has been 

given, identifying details should be removed if they are not 

essential. If identifying characteristics are altered to protect 

anonymity, authors should provide assurances that such 

alterations do not distort scientific meaning. If consent 

has not been obtained, it is generally not sufficient to ano-

nymize a photograph simply by using eye bars or blurring 

the face of the individual concerned.

Conflict of Interest
Authors are responsible for disclosing any financial sup-

port or benefit that might affect the content of the manu-

script or might cause a conflict of interest. When submit-

ting the manuscript, the author must attach a conflict of 

interest statement (https://e-jmt.org/authors/copyright_

transfer_agreement.php). All authors should disclose their 

conflicts of interest, i.e., (1) financial relationships (such as 

employment, consultancies, stock ownership, honoraria, 

or paid expert testimony), (2) personal relationship, (3) 

academic competition, and (4) intellectual passion. These 

conflicts of interest must be included as a footnote on the 

title page. Each author should certify the disclosure of any 

conflict of interest with their signature.

Originality, Plagiarism, and Duplicate Publication
Redundant or duplicate publication refers to the publi-

cation of a paper that overlaps substantially with one al-

ready published. Upon receipt, submitted manuscripts are 

screened for possible plagiarism or duplicate publication 

using Crossref Similarity Check. If a paper that might be 

regarded as duplicate or redundant had already been pub-

lished in another journal or submitted for publication, the 

author should notify the fact in advance at the time of sub-

mission. Under these conditions, any such work should be 

referred to and referenced in the new paper. The new man-

uscript should be submitted together with copies of the du-

plicate or redundant material to the editorial committee. If 

redundant or duplicate publication is attempted or occurs 

without such notification, the submitted manuscript will 

be rejected immediately. If the editor was not aware of the 

violations and of the fact that the article had already been 

published, the editor will announce in the journal that the 

submitted manuscript had already been published in a du-

plicate or redundant manner, without seeking the author’s 

explanation or approval.

Secondary Publication
It is possible to republish manuscripts if the manuscripts 

satisfy the conditions for secondary publication of the IC-

MJE Recommendations, available from: https://www.icm-

je.org/ as follows:

(1)  Certain types of articles, such as guidelines produced 

by governmental agencies and professional organi-

zations, may need to reach the widest possible audi-

ence. In such instances, editors sometimes deliber-

ately publish material that is also published in other 

journals with the agreement of the authors and the 

editors of those journals.

(2)  Secondary publication for various other reasons, in 

the same or another language, especially in other 

countries, is justifiable and can be beneficial provid-

ed that the following conditions are met. The authors 

have received approval from the editors of both jour-

nals (the editor concerned with secondary publica-

tion must have a photocopy, reprint, or manuscript 

of the primary version). The priority of the primary 

https://e-jmt.org/authors/copyright_transfer_agreement.php
https://e-jmt.org/authors/copyright_transfer_agreement.php
https://www.icmje.org/
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publication is respected by a publication interval of at 

least one week (unless specifically negotiated other-

wise by both editors).

(3)  The paper for secondary publication is intended for a 

different group of readers; therefore, an abbreviated 

version could be sufficient. The secondary version 

faithfully reflects the data and interpretations of the 

primary version. The footnote on the title page of the 

secondary version informs readers, peers, and docu-

menting agencies that the paper has been published 

in whole or in part and states the primary reference. 

A suitable footnote might read: “This article is based 

on a study first reported in the [title of a journal, with 

full reference].”

Authorship
Authorship credit should be based on substantial contri-

butions to all four categories established by the ICMJE: (1) 

substantial contributions to conception or design of the 

work, acquisition of data, and analysis and interpretation 

of data; (2) drafting the work or revising it critically for 

important intellectual content; (3) final approval of the 

version to be published; and (4) agreement to be account-

able for all aspects of the work in ensuring that questions 

related to the accuracy or integrity of any part of the work 

are appropriately investigated and resolved.

•  The contributions of all authors must be described. 

JMT has adopted the CRediT Taxonomy (https://credit.

niso.org/) to describe each author’s individual contri-

butions to the work. The role of each author should be 

addressed on the title page.

•  Correction of authorship: Requests for corrections in 

authorship (such as adding or removing authors, or 

rearranging the order of authors) after the initial man-

uscript submission and before publication should be 

explained in writing to the editor, in a letter or email 

signed by all authors. A completed copyright assign-

ment form must be submitted by every author.

•  Role of corresponding author: The corresponding au-

thor takes primary responsibility for communication 

with the journal during the manuscript submission, 

peer review, and publication process. The correspond-

ing author typically ensures that all of the journal’s 

administrative requirements, such as providing the 

details of authorship, ethics committee approval, clin-

ical trial registration documentation, and conflict of 

interest forms and statements, are properly completed, 

although these duties may be delegated to one or more 

co-authors. The corresponding author should be avail-

able throughout the submission and peer-review pro-

cess to respond to editorial queries in a timely manner, 

and after publication, should be available to respond to 

critiques of the work and cooperate with any requests 

from the journal for data, additional information, or 

questions about the article.

•  Contributors: Any researcher who does not meet all 

four ICMJE criteria for authorship discussed above but 

contributes substantively to the study in terms of idea 

development, manuscript writing, conducting research, 

data analysis, and financial support should have their 

contributions listed in the Acknowledgments section of 

the article.

Process for Managing Research and Publication  
Misconduct
When the journal faces suspected cases of research and 

publication misconduct, such as redundant (duplicate) 

publication, plagiarism, fraudulent or fabricated data, 

changes in authorship, undisclosed conflict of interest, eth-

ical problems with a submitted manuscript, appropriation 

by a reviewer of an author’s idea or data, and complaints 

against editors, the resolution process will follow the flow-

chart provided by COPE (http://publicationethics.org/

resources/flowcharts). The discussion and decision on the 

suspected cases are carried out by the Editorial Board.

Editorial Responsibilities
The Editorial Board will continuously work to monitor 

and safeguard publication ethics: guidelines for retract-

ing articles; maintenance of the integrity of academic re-

cords; preclusion of business needs from compromising 

intellectual and ethical standards; publishing corrections, 

clarifications, retractions, and apologies when needed; 

and excluding plagiarized and fraudulent data. The editors 

maintain the following responsibilities: responsibility and 

authority to reject and accept articles; avoid any conflict 

of interest with respect to articles they reject or accept; 

promote the publication of corrections or retractions when 

errors are found; and preserve the anonymity of reviewers.

https://credit.niso.org/
https://credit.niso.org/
http://publicationethics.org/resources/flowcharts
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Artificial Intelligence (AI) Guideline
JMT adheres to the following guidelines specified by the 

ICMJE regarding the use of AI tools. These measures are 

essential to ensuring academic integrity and ethical stan-

dards.

•  AI cannot be listed as an author: AI tools cannot be 

listed or cited as authors due to their inability to take 

responsibility for errors.

•  Reliability and responsibility in AI use: Authors are 

responsible for ensuring the reliability of their papers 

when using AI tools and must take full responsibility 

for any plagiarism or false information generated by AI. 

Furthermore, AI-generated content cannot be cited as a 

primary source.

•  Disclosure of AI use: Authors must disclose the use of 

AI tools at the time of manuscript submission. This 

disclosure should include the specific tools used, their 

model names, versions, manufacturers, and the role 

of the AI in the process. This information should be 

included in the Methods or Acknowledgments section, 

with detailed prompts included where relevant.

•  Prohibition on AI-generated images and videos: AI-gen-

erated images or videos, which lack societal consensus 

on copyright, cannot be included in submitted manu-

scripts. However, exceptions may be made if AI is es-

sential to the research design or methodology, in which 

case it must be explained in the Methods section.

•  Restrictions for peer reviewers: Peer reviewers are 

prohibited from uploading manuscripts to external AI 

tools during the review process. If AI tools are used to 

support any part of the review, reviewers must trans-

parently disclose this in their peer review reports.

•  Editor’s authority: the editor may refuse to proceed 

with the review of a paper if inappropriate use of AI is 

detected. Additionally, this policy may evolve in re-

sponse to advancements in technology and societal 

agreements.

4. EDITORIAL POLICY

Copyright
Copyright in all published material is owned by the Korean 

Fracture Society. Authors must agree to transfer copyright 

(https://e-jmt.org/authors/copyright_transfer_agreement.

php) during the submission process. The corresponding 

author is responsible for submitting the copyright transfer 

agreement to the publisher. In addition, if excerpts from 

other copyrighted works are included, the authors must 

obtain written permission from the copyright owners and 

credit the sources in the article.

Open-Access License
JMT is an open-access journal. Articles are distributed 

under the terms of the Creative Commons Attribution Li-

cense (https://creativecommons.org/licenses/by-nc/4.0/), 

which permits unrestricted non-commercial use, distribu-

tion, and reproduction in any medium, provided the origi-

nal work is properly cited. Authors do not need permission 

to use tables or figures published in JMT in other journals, 

books, or media for scholarly and non-commercial purpos-

es. For any commercial use of material from this open-ac-

cess journal, permission must be obtained from Korean 

Fracture Society (email: fxsociety@kofs.or.kr).

Article Sharing (Author Self-Archiving) Policy
JMT is an open-access journal, and authors who submit 

manuscripts to JMT can share their research in several 

ways, including on preprint servers, social media plat-

forms, at conferences, and in educational materials, in ac-

cordance with our open-access policy. However, it should 

be noted that submitting the same manuscript to multiple 

journals is strictly prohibited.

Registration of Clinical Trial Research
It is recommended that any research that deals with a 

clinical trial be registered with a clinical trial registration 

site, such as http://cris.nih.go.kr, or other primary national 

registry sites accredited by the World Health Organization 

(https://www.who.int/clinical-trials-registry-platform/

network/primary-registries) or clinicaltrial.gov (http://

clinicaltrials.gov/), a service of the United States National 

Institutes of Health.

Data Sharing Policy
JMT encourages data sharing wherever possible unless this 

is prevented by ethical, privacy, or confidentiality matters. 

Authors wishing to do so may deposit their data in a pub-

licly accessible repository and include a link to the DOI 

within the text of the manuscript.

•  Clinical Trials: JMT accepts the ICMJE Recommen-

https://e-jmt.org/authors/copyright_transfer_agreement.php
https://e-jmt.org/authors/copyright_transfer_agreement.php
https://creativecommons.org/licenses/by-nc/4.0/
mailto:fxsociety@kofs.or.kr
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dations for data sharing statement policy. Authors 

may refer to the editorial, “Data Sharing Statements 

for Clinical Trials: A Requirement of the International 

Committee of Medical Journal Editors,” in the Journal 

of Korean Medical Science (https://dx.doi.org/10.3346/

jkms.2017.32.7.1051). Archiving Policy In accordance 

with the Korean Library Act, the full text of the JMT can 

be archived in the National Library of Korea (https://

seoji.nl.go.kr/archive). JMT provides electronic ar-

chiving and preservation of access to the journal con-

tent in the event the journal is no longer published, 

by archiving in the National Library of Korea (https://

www.nl.go.kr/archive/search.do) and the National 

Library of Korea can permanently preserve submitted 

JMT papers.

Preprint Policy
A preprint can be defined as a version of a scholarly pa-

per that precedes formal peer review and publication in 

a peer-reviewed scholarly journal. JMT allows authors to 

submit preprints to the journal. It is not treated as dupli-

cate submission or duplicate publication. JMT recom-

mends that authors disclose the existence of a preprint 

with its DOI in the letter to the editor during the submis-

sion process. Otherwise, a plagiarism check program—

Similarity Check (Crossref ) or Copy Killer—may flag the 

results as containing excessive duplication. A preprint sub-

mission will be processed through the same peer-review 

process as a usual submission. If a preprint is accepted 

for publication, the authors are recommended to update 

the information on the preprint site with a link to the pub-

lished article in JMT, including the DOI at JMT. It is strongly 

recommended that authors cite the article in JMT instead 

of the preprint in their next submission to journals.

5. MANUSCRIPT SUBMISSION AND 
PEER-REVIEW PROCESS

Online Submission
All manuscripts should be submitted online via the jour-

nal’s website (https://submit.e-jmt.org/) by the corre-

sponding author. Once you have logged into your account, 

the online system will lead you through the submission 

process in a step by step. In case of any trouble, please con-

tact the editorial office (Email: fxsociety@kofs.or.kr).

Screening after Submission
The screening process will be conducted after submission. 

If the manuscript does not fit the aims and scope of the 

Journal or does not adhere to the Instructions to authors, 

it may be returned to the author immediately after receipt 

and without a review. Before review, all submitted manu-

scripts are inspected using “Similarity Check powered by 

iThenticate (https://www.crossref.org/services/similari-

ty-check/), a plagiarism-screening tool. If a too high a de-

gree of similarity score is found, the Editorial Board will do 

a more profound content screening. The criterion for sim-

ilarity rate for further screening is usually 25%; however, 

the excess amount of similarity in specific sentences may 

be also checked in every manuscript. The settings for Sim-

ilarity Check screening are as follows: It excludes quotes, 

a bibliography, small matches of 6 words, small sources of 

1%, and the Methods section.

Peer-Review Process
All papers, including those invited by the Editor, are subject 

to peer review. Manuscripts will be peer-reviewed by two 

accredited experts in the musculoskeletal trauma care with 

one additional review by prominent member of our Edito-

rial Board. The editor is responsible for the final decision 

whether the manuscript is accepted or rejected.

•  The journal uses a double-blind peer-review process: 

the reviewers do not know the identity of the authors, 

and vice versa. During the peer-review process, review-

ers may interact directly or exchange information (e.g., 

via submission systems or email) only with the editor, 

which is known as "independent review."

•  JMT’s average turnaround time from submission to de-

cision is 4 weeks.

•  Decision letter will be sent to corresponding author 

via registered email. Reviewers can request authors to 

revise the content. The corresponding author must in-

dicate the modifications made in their item-by-item re-

sponse to the reviewers’ comments. Failure to resubmit 

the revised manuscript within 4 weeks of the editorial 

decision is regarded as a withdrawal.

•  The editorial committee has the right to revise the man-

uscript without the authors’ consent unless the revision 

substantially affects the original content.

•  After review, the Editorial Board determines whether 

the manuscript will be accepted for publication. Once 

https://dx.doi.org/10.3346/jkms.2017.32.7.1051
https://dx.doi.org/10.3346/jkms.2017.32.7.1051
https://seoji.nl.go.kr/archive
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rejected, the manuscript does not undergo another 

round of review.

•  All articles in JMT include the dates of submission, revi-

sion, acceptance, and publication on their article page. 

No information about the review process or editorial 

decision process is published on the article page.

Submission by Editors
All manuscripts from editors, employees, or members of 

the Editorial Board are processed in the same way as other 

unsolicited manuscripts. During the review process, sub-

mitters will not engage in the selection of reviewers or the 

decision process. Editors will not handle their manuscripts 

even if the manuscripts are commissioned.

The conflict of interest declaration should be added as 

follows.

Conflicts of Interest: OOO has been an Editorial Board 

member of Journal of Musculoskeletal Trauma since OOO 

but has no role in the decision to publish this article. No 

other potential conflicts of interest relevant to this article 

were reported.

Feedback after Publication
If the authors or readers find any errors or contents that 

should be revised, it can be requested from the Editorial 

Board. The Editorial Board may consider correction, or a 

retraction. If there are any revisions to the article, there will 

be a CrossMark description to announce the final draft. If 

there is a reader’s opinion on the published article with the 

form of Letter to the editor, it will be forwarded to the au-

thors. The authors can reply to the reader’s letter. Letter to 

the editor and the author’s reply may be also published.

Appeals of Decisions
Any appeal against an editorial decision must be made 

within 2 weeks of the date of the decision letter. Authors 

who wish to appeal a decision should contact the Edi-

tor-in-Chief, explaining in detail the reasons for the ap-

peal. All appeals will be discussed with at least one other 

associate editor. If consensus cannot be reached thereby, 

an appeal will be discussed at a full editorial meeting. The 

process of handling complaints and appeals follows the 

guidelines of COPE available from https://publicationeth-

ics.org/appeals. JMT does not consider second appeals.

6. MANUSCRIPT PREPARATION

Authors are required to submit their manuscripts after 

reading the following instructions. Any manuscript that 

does not conform to the following requirements will be 

deemed inappropriate and may be returned.

General Requirements
•  All manuscripts should be written in English.

•  The manuscript must be written using Microsoft Word 

and saved as “.doc” or “.docx” format. The font size should 

be 12 points. The body text must be left-aligned, dou-

ble-spaced, and presented in a single column. The left, 

right, and bottom margins must be 3 cm, but the top mar-

gin must be 3.5 cm.

•  The page numbers should be placed in Arabic numerals 

at the center of the bottom margin, starting from the ab-

stract page.

•  Neither the authors’ names nor their affiliations should 

appear on the manuscript pages.

•  Only standard abbreviations should be used. Abbrevi-

ations should be avoided in the title of the manuscript. 

Abbreviations should be spelled out when first used in 

the text and the use of abbreviations should be kept to a 

minimum.

•  The names of manufacturers of equipment and non-ge-

neric drugs should be given.

•  Authors should express all measurements in convention-

al units, using International System (SI) units. 

•  P-value from statistical testing should be expressed as 

capital P.

Reporting Guidelines for Specific Study Designs
For the specific study design, it is recommended that 

authors follow the reporting guidelines, such as CONSORT 

(http://www.consort-statement.org) for randomized con-

trolled trials, STROBE (http://www.strobe-statement.org) for 

observational studies, and PRISMA (http://www.prisma-state-

ment.org) for systematic reviews and meta-analyses. A good 

source of reporting guidelines is the EQUATOR Network 

(https://www.equator-network.org/) and NLM (https://

www.nlm.nih.gov/services/research_report_guide.html).

Types of Manuscripts
•  The manuscript types are divided into original articles, 

https://publicationethics.org
https://publicationethics.org
http://www.consort-statement.org
http://www.strobe-statement.org
http://www.prisma-statement.org
http://www.prisma-statement.org
https://www.equator-network.org/
https://www.nlm.nih.gov/services/research_report_guide.html
https://www.nlm.nih.gov/services/research_report_guide.html


e-jmt.org vii

reviews, letters to the editor, and editorial, and other 

types.

•  Original Article: Original articles should be written in the 

following order: title page, abstract (within 300 words), 

keywords, main body (introduction, methods, results, 

discussion, and conclusions), acknowledgments (if appli-

cable), references (up to 30), tables, figure legends, and 

figures.

•  Review Articles: Review articles should focus on a specific 

topic. The format of a review article is flexible. Publica-

tion of these articles will be decided upon by the Editorial 

Board.

•  Letters to the Editor: The journal welcomes readers’ com-

ments on recently published articles or orthopedic topics of 

interest. Letters to the editor should not exceed 1,000 words, 

excluding references, tables, and figures. A maximum of 5 

references and total 4 figures or tables are allowed.

•  Editorial: Editorials are invited by the editors and should 

be commentaries on articles recently published in the 

journal. Editorial topics could include active areas of 

research, fresh insights, and debates in the field of ortho-

pedic surgery. Editorials should not exceed 1,000 words, 

excluding references, tables, and figures. A maximum of 

10 references and total 4 figures or tables are allowed.

•  Systematic Review: Systematic review examines pub-

lished material on a clearly described subject in a system-

atic way. There must be a description of how the evidence 

on this topic was tracked down, from what sources and 

with what inclusion and exclusion criteria.

•  Meta-Analysis: A systematic overview of studies that pools 

the results of two or more studies to provide an overall an-

swer to a research question or interest. Summarizes quan-

titatively the evidence regarding a treatment, procedure, 

or association.

Table 1. Recommended maximums for articles submitted to JMTa)

Type of article Abstract  
(word)

Text  
(word)b) References Tables &  

Figures
Original Article Structured, 300 NL 30 NL
Review Unstructured, 300 NL NL NL
Letter to the Editor - 1,000 5 4
Editorial - 1,000 10 4

a)The requirements for the number of references, tables and figures and 
length of the main text can be consulted with the Editorial Office; b)Ex-
cluding an abstract, tables, figures, acknowledgments, and references.

Format of Manuscript Title page
•  The title page must include the title, the authors’ names, 

academic degrees, affiliations, and the corresponding au-

thor’s name and contact information. The corresponding 

author’s contact information must include their name 

and email. In addition, a running title must be provided, 

with a maximum of 50 characters, including spaces.

•  ORCID: We recommend that the open researcher and 

contributor ID (ORCID) of all authors be provided. To 

have an ORCID, authors should register in the ORCID 

website (http://orcid.org/).

•  Author Contributions: The contributions of all authors 

must be described using the CRediT (https://credit.niso.

org/) taxonomy of author roles.

•  Conflict of Interest: If there are any conflicts of interest, 

authors should disclose them in the manuscript. If there 

are no conflicts of interest, authors should state “None” in 

this section.

•  Funding: All sources of funding for the study should be 

stated here explicitly.

•  Acknowledgments: Any persons who contributed to 

the study or manuscript but do not meet the criteria for 

authorship should be acknowledged here. If you do not 

have anyone to acknowledge, please write “None” in this 

section.

Abstract and keywords
Each paper should begin with an abstract not exceeding 

300 words (for original articles and reviews). The abstract 

for original articles should state the background, methods, 

results, and conclusions in each paragraph in a brief and 

coherent manner. Relevant numerical data should be in-

cluded. Under the abstract, keywords should be provided 

(maximum of 5). Authors are encouraged to use the MeSH 

database to find Medical Subject Headings at http://www.

nlm.nih.gov/mesh/meshhome.html. The structured ab-

stract should be divided into the following sections.

•  Background: The rationale, importance, or objectives 

of the study should be described briefly and concisely 

in one to two sentences. The objective should be con-

sistent with that stated in the Introduction.

•  Methods: The procedures conducted to achieve the 

study objective should be described in detail, together 

with relevant details concerning how data were ob-

http://orcid.org/
https://credit.niso.org/
https://credit.niso.org/
http://www.nlm.nih.gov/mesh/meshhome.html
http://www.nlm.nih.gov/mesh/meshhome.html
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tained and analyzed and how research bias was adjust-

ed.

•  Results: The most important study results and analysis 

should be presented in a logical manner with specific 

experimental data.

•  Conclusions: The conclusions drawn from the results 

should be described in one to two sentences and must 

align with the study objective.

•  Level of Evidence: Author should make the final de-

termination of the study design and level of evidence 

based on the Centre for Evidence Based Medicine 

guidelines. Authors may refer to the definitions in the 

Level of Evidence table (https://www.cebm.ox.ac.uk/

files/levels-of-evidence/cebm-levels-of-evidence-2-1.

pdf).

Main Body
•  All articles using clinical samples or data and those in-

volving animals must include information on the IRB/

IACUC approval or waiver and informed consent. An 

example is shown below. “We conducted this study in 

compliance with the principles of the Declaration of Hel-

sinki. The study protocol was reviewed and approved by 

the Institutional Review Board of OO (No. OO). Written 

informed consent was obtained / Informed consent was 

waived.”

•  Description of participants: Ensure the correct use of the 

terms “sex” (when reporting biological factors) and “gen-

der” (identity, psychosocial, or cultural factors), and, un-

less inappropriate, report the sex and/or gender of study 

participants, the sex of animals or cells, and describe the 

methods used to determine sex and gender. If the study 

was done involving an exclusive population, for example, 

in only one sex, authors should justify why, except in ob-

vious cases (e.g., ovarian cancer). Authors should define 

how they determined race or ethnicity and justify their 

relevance.

•  Introduction: State the background or problem that led 

to the initiation of the study. Introduction is not a book 

review, rather it is best when the authors bring out con-

troversies which create interest. Lead systematically to 

the hypothesis of the study, and finally, to a restatement 

of the study objective, which should match that in the Ab-

stract. Do not include conclusions in the Introduction.

•  Methods: Describe the study design (prospective or retro-

spective, inclusion and exclusion criteria, duration of the 

study) and the study population (demographics, length 

of follow-up). Explanations of the experimental methods 

should be concise, yet enable replication by a qualified 

investigator.

•  Results: This section should include detailed reports on 

the data obtained during the study. All data in the text 

must be presented in a consistent manner throughout 

the manuscript. All issues which the authors brought up 

in the method section need to be in result section. Also, 

it is preferred that data be in figures or tables rather than 

a long list of numbers. Instead, numbers should be in ta-

bles or figures with key comments on the findings.

•  Discussion: The first paragraph of the discussion should 

deal with the key point in this study. Do not start with an 

article review or general comment on the study topic. In 

the Discussion, data should be interpreted to demon-

strate whether they affirm or refute the original hypothe-

sis. Discuss elements related to the purpose of the study 

and present the rationales that support the conclusion 

drawn by referring to relevant literature. Discussion 

needs some comparison of similar papers published 

previously, and discuss why your study is different or 

similar from those papers. Care should be taken to avoid 

information obtained from books, historical facts, and 

irrelevant information. A discussion of study weaknesses 

and limitations should be included in the last paragraph 

of the discussion.

•  Conclusions: Briefly state the answer to your question or 

hypothesis in the Introduction. Describe carefully to draw 

conclusions only from your results and verify that your 

data firmly support your conclusions. The conclusions 

in the text and those in the abstract must have the same 

content.

•  References must be numbered with superscripts accord-

ing to their quotation order. When more than two quota-

tions of the same authors are indicated in the main body, 

a comma must be placed between a discontinuous set 

of numbers, whereas a dash must be placed between the 

first and last numerals of a continuous set of numbers: 

“Kim et al. [2,8,9] insisted…” and “However, Park et al. 

[11-14] showed opposing research results.”

•  Figures and tables used in the main body must be indi-

https://www.cebm.ox.ac.uk/files/levels-of-evidence/cebm-levels-of-evidence-2-1.pdf
https://www.cebm.ox.ac.uk/files/levels-of-evidence/cebm-levels-of-evidence-2-1.pdf
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cated as “Fig.” and “Table.” For example, “Magnetic reso-

nance imaging of the brain revealed… (Figs. 1-3).

References
•  The number of references is recommended to be 30 for 

original articles.

•  All references must be cited in the text. The number as-

signed to the reference citation is according to the first 

appearance in the manuscript. References in tables or 

figures are also numbered according to the appearance 

order. Reference numbers in the text, tables, and figures 

should in a bracket ([ ]).

•  List all authors when there are six or fewer. When there 

are seven or more authors, list only the first three authors 

followed by “et al.”

• Authors should be listed by surname followed by initials.

•  The journals should be abbreviated according to the style 

used in the list of journals indexed in the NLM Journal 

Catalog (http://www.ncbi.nlm.nih.gov/nlmcatalog/jour-

nals).

•  Overlapping page numbers (e.g., 2025-6) should omit 

the repeated numerals (e.g., 2025-6 should be written as 

2025-2026).

•  References to unpublished material, such as personal 

communications and unpublished data, should be noted 

within the text and not cited in the References. Personal 

communications and unpublished data must include the 

individual’s name, location, and date of communication.

• Examples of references are as follows: 

① Journal

1.  Song HK, Cho WT, Choi WS, Sakong SY, Im S. Acute 

compartment syndrome of thigh: ten-year experiences 

from a level I trauma center. J Musculoskelet Trauma 

2024;37:171‒4.

2.  MacKechnie MC, Shearer DW, Verhofstad MH, et 

al. Establishing consensus on essential resources for 

musculoskeletal trauma care worldwide: a modified 

Delphi study. J Bone Joint Surg Am 2024;106:47‒55.

3.  Raats JH, Ponds NH, Brameier DT, et al. Agreement 

between patient- and proxy-reported outcome mea-

sures in adult musculoskeletal trauma and injury: a 

scoping review. Qual Life Res 2024 Aug 23 [Epub]. 

https://10.1007/s11136-024-03766-1

② Book & Book chapter

4.  Townsend CM, Beauchamp RD, Evers BM, Mattox K. 

Sabiston textbook of surgery. 21st ed. Elsevier; 2021.

5.  Meltzer PS, Kallioniemi A, Trent JM. Chromosome 

alterations in human solid tumors. In: Vogelstein B, 

Kinzler KW, eds. The genetic basis of human cancer. 

McGraw-Hill; 2002. p. 93-113.

③ Homepage/Web site

6.  World Health Organization (WHO). World health sta-

tistics 2021: a visual summary [Internet]. WHO; 2021 

[cited 2023 Feb 1]. Available from: https://www.who.

int/data/stories/world-health-statistics-2021-a-visu-

al-summary

④ Preprint

7.  Sharma N, Sharma P, Basu S, et al. The seroprevalence 

and trends of SARS-CoV-2 in Delhi, India: a repeated 

population-based seroepidemiological study [Preprint]. 

Posted 2020 Dec 14. medRxiv 2020.12.13.20248123. 

https://doi.org/10.1101/2020.12.13.20248123

For more on references, refer to the NLM’s “Samples 

of Formatted References for Authors of Journal Articles.” 

https://www.nlm.nih.gov/bsd/uniform_requirements.ht-

ml#journals.

Figures and Figure Legends
Figures should be cited in the text and numbered using 

Arabic numerals in the order of their citation (e.g., Fig. 

1). Figures are not embedded within the text. Each figure 

should be submitted as an individual file. The figure leg-

ends should begin on the next page after the last table. Ev-

ery figure has its own legend. Abbreviations and additional 

information for any clarification should be described with-

in each figure legend. Footnotes below the figure should 

follow the order of abbreviation first, followed by symbols. 

Symbols should be marked with small alphabet letters in 

the order of their usage, such as a), b), c), or asterisks (*) for 

statistical significance. Figure files are submitted in EPS, 

TIFF, or PDF formats. The requirement for minimum res-

olutions is dependent on figure types. For line drawings, 

1,200 dpi are required. For grey color works (i.e., pictures 

of gel or blots), 600 dpi is required. For color or half-tone 

artwork, 300 dpi is required. The files should be named ac-

cording to the figure number.

•  Staining techniques used should be described. Photo-

http://www.ncbi.nlm.nih.gov/nlmcatalog/journals
http://www.ncbi.nlm.nih.gov/nlmcatalog/journals
https://10.1007/s11136-024-03766-1
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https://doi.org/10.1101/2020.12.13.20248123
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micrographs with no inset scale should have the mag-

nification of the print in the legend.

•  Papers containing unclear photographic prints may be 

rejected.

• Remove any writing that could identify a patient.

•  If any tables or figures are taken or modified from other 

papers, authors should obtain permission through the 

Copyright Clearance Center (https://www.copyright.

com/) or from the individual publisher, unless they are 

from open access journals under the Creative Com-

mons License. For tables or figures from an open access 

journal, simply verify the source of the journal precisely 

in the accompanying footnote. Please note the distinc-

tion between a free access journal and an open access 

journal: it is necessary to obtain permission from the 

publisher of a free access journal for using tables or fig-

ures published therein. Examples are shown below:

 Reprinted (Modified) from Tanaka et al. [48], with per-

mission of Elsevier.

 Reprinted (Modified) from Weiss et al. [2], according to 

the Creative Commons License.

Tables
•  Tables should be numbered sequentially with Arabic nu-

merals in the order in which they are mentioned in the 

text.

•  If an abbreviation is used in a table, it should be defined 

in a footnote below the table.

•  Additional information for any clarification should be 

designated for citation using alphabetical superscripts a), 
b), c) or asterisks (*) for statistical significance. The expla-

nation for superscript citation should follow these exam-

ples: a)Not tested.

*P< 0.05, **P< 0.01, ***P< 0.001.

•  Tables should be understandable and self-explanatory, 

without references to the text.

•  If a table has been previously published, it should be ac-

companied by the written consent of the copyright holder, 

and the footnote must acknowledge the original source.

7. MANUSCRIPT PROCESSING AFTER 
ACCEPTANCE

Final Version
After the paper has been accepted for publication, the 

authors should submit the final version of the manu-

script. The names and affiliations of the authors should 

be double-checked, and if the originally submitted image 

files were of poor resolution, higher-resolution image files 

should be submitted at this time. Symbols (e.g., circles, 

triangles, squares), letters (e.g., words, abbreviations), and 

numbers should be large enough to be legible on reduc-

tion to the journal’s column widths. All symbols must be 

defined in the figure caption. If references, tables, or figures 

are moved, added, or deleted during the revision process, 

renumber them to reflect such changes so that all tables, 

references, and figures are cited in numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the 

manuscript such that it meets the standard publication 

format. The authors must respond within two days when 

the manuscript editor contacts the corresponding author 

for revisions. If the response is delayed, the manuscript’s 

publication may be postponed to the next issue.

Proof
The authors will receive the final version of the manuscript 

as a PDF file. Upon receipt, the authors must notify the ed-

itorial office (or printing office) of any errors found in the 

file within two days. Any errors found after this time are the 

responsibility of the authors and will have to be corrected 

as a correction.

Correction
To correct errors in published articles, the corresponding 

author should contact the journal’s Editorial Office with a 

detailed description of the proposed correction. Correc-

tions that profoundly affect the interpretation or conclu-

sions of the article will be reviewed by the editors. Correc-

tions will be published as author correction or publisher 

correction in a later issue of the journal.

https://www.copyright.com/
https://www.copyright.com/
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Checklist

☐ Manuscript in MS-WORD (DOC, DOCX) format.

☐ Double-spaced typing with 12-point font.

☐  Sequence of title page, abstract and keywords, introduction, methods, results, discussion, and conclusions, acknowledg-
ments, references, tables, and figure legends. All pages and manuscript text with line should be numbered sequentially, 
starting from the abstract.

☐  Title page with article title, authors’ full name(s) and affiliation(s), address for correspondence (including telephone 
number, email address, and fax number), running title (less than 50 characters), and acknowledgments, if any.

☐  Abstract in structured format up to 300 words for original articles. Keywords (up to 5) from the MeSH list of Index Medi-
cus.

☐ All table and figure numbers are found in the text.

☐ Figures as separate files, in TIFF, JPG, GIF, or PPT format.

☐ References listed in proper format. All references listed in the reference section are cited in the text and vice versa.
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Copyright transfer agreement

Manuscript Title   

I. Copyright Transfer Form

The authors hereby transfer all copyrights in and to the manuscript titled above, in all forms and media, whether now 

known or hereafter developed, to the Korean Fracture Society effective upon the manuscript’s acceptance for publication in 

the Journal of Musculoskeletal Trauma. The authors retain all proprietary rights other than copyright, such as patent rights.

Everyone listed as an author on this manuscript has made a substantial, direct, and intellectual contribution to the work and 

assumes public responsibility for its content. This manuscript represents original work that has not previously published 

and is not currently under consideration for publication in any other journal.

II. Conflict of Interest Disclosure Form

All authors are responsible for identifying and disclosing any potential conflicts of interest that could bias their work. This 

includes disclosing all financial support and any other personal connections in the acknowledgments.

Please select the appropriate option below:

No author of this manuscript has any conflicts of interest, including specific financial interests, relationships, and/or affilia-

tions relevant to the subject matter or materials discussed in this manuscript.
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The authors certify that all conflicts of interest, as applicable to each author, including specific financial interests, relation-

ships, and/or affiliations relevant to the subject matter or materials discussed, are disclosed in the manuscript.

(Please provide detailed descriptions of these interests if applicable.)
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Such interests may include, but are not limited to, the following:

• Employment

• Consultancy within the past two years

• Ownership interests, including stock options, in a start-up company whose stock is not publicly traded

•  Ownership interests, including stock options, excluding indirect investments through mutual funds, in a publicly traded 

company

• Research funding

• Honoraria directly received from an entity

• Paid expert testimony within the past two years

• Any other financial relationships (e.g., receiving royalties)

• Membership on another entity’s Board of Directors or advisory committees, whether for profit or non-for-profit.

All authors certify that the work followed the research ethics and have approved the submission of the manuscript for publi-

cation.

List the names of all authors in the correct order.
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