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The Editorial Board is pleased to announce the successful completion of the first edition of the course “Fun-
damentals of Peer Review.” This activity is designed for health professionals who currently serve, or are 

interested in serving, as manuscript reviewers for the Journal of the Argentine Association of Orthopedics and 
Traumatology.

Being a reviewer is a vital task in academic life, ensuring the quality and integrity of published knowledge. The 
“researcher-reviewer” archetype serves as the ideal guiding model for this role. A reviewer’s competence is pri-
marily supported by their expertise in a specific scientific area and their understanding of research methodology. 
However, the reviewer’s perspective differs significantly from that of a researcher. It requires mastering distinct 
processes and skills to perform the task effectively. Progress in this role comes from critical inquiry, and this course 
was specifically designed to bridge the gap between the academic and clinical experiences of orthopedic surgeons 
and the critical assessment of scientific literature.

We are pleased to report the positive reception of the first edition, which was attended by 29 registered physi-
cians. Participants successfully completed six modules, three practical sessions, three synchronous meetings, and 
a final evaluation. It is our hope that the course “Fundamentals of Peer Review” will remain a valuable addition to 
the ongoing professional development of orthopedic surgeons in future editions.

First Edition of the Course 
“Fundamentals of Peer 
Review”
Dr. Guillermo A. Ricciardi
Orthopedics and Traumatology Service, Hospital General de Agudos “Dr. Teodoro Álvarez”, 
Autonomous City of Buenos Aires

“Doubt is one of the names of intelligence.”  
Jorge Luis Borges
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Pain in the Temporomandibular Region

ABSTRACT
The case of a 54-year-old female patient who presented to the clinic with pain in the left temporomandibular joint is described. 
Following a physical examination, imaging studies were conducted, revealing nodular calcifications in the internal region of the left 
mandibular ramus as a radiographic finding. Additional imaging studies were subsequently requested.
Keywords: Phleboliths; vascular anomaly; calcifications; radiopaque.
Level of Evidence: IV

Dolor en la región temporomandibular

RESUMEN
Se presenta el caso de una mujer de 54 años de edad que acudió a la consulta por dolor en la articulación temporomandibular 
izquierda. Luego del examen clínico, se solicitaron estudios por imágenes y, en las radiografías, se observaron calcificaciones 
nodulares en la región interna de la rama mandibular izquierda. Se decidió indicar otros estudios por imágenes.
Palabras clave: Flebolito; anomalía vascular; calcificaciones; radiopaco.
Nivel de Evidencia: IV

INTRODUCTION
A 54-year-old woman presented with pain in the left temporomandibular joint (TMJ). Clinical examination re-

vealed partial edentulism in both the upper and lower arches, crepitus in the left TMJ, tenderness upon palpation, 
and restricted opening and closing movements. Panoramic and selective radiographs of the TMJ were obtained 
(Figures 1 and 2).

FINDINGS AND INTERPRETATION OF IMAGING STUDIES
The panoramic radiograph revealed partial edentulism in the upper and lower arches with bone resorption sec-

ondary to tooth extraction, further exacerbated by the absence of prosthetic rehabilitation. The remaining teeth 
showed restorations. In the region of the left mandibular ascending ramus, multiple nodular calcifications were 
observed, characterized by a radiopaque halo surrounding a central radiolucent area.

The TMJ radiograph demonstrated sclerotic areas and erosion, predominantly in the left condylar region. The 
calcifications identified on the panoramic radiograph were visualized with greater precision.
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Figure 1. Panoramic radiograph of the temporomandibular joint.

Figure 2. Radiograph of the temporomandibular joint. A. Right joint with open mouth. B. Right joint with mouth closed. 
C. Left joint with mouth closed. D. Left joint with open mouth.

A B C D

N. Tan Suarez ORCID ID: https://orcid.org/0000-0002-6328-0631
N. Pagés Morales ORCID ID: https://orcid.org/0009-0002-4092-4577
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ABSTRACT
Introduction: Since Neer’s foundational work, the superiority of surgical treatment over conservative management for displaced 
clavicle fractures has been established. However, open techniques carry risks such as sensory nerve injury, stretching, and pain-
ful scarring. The MIPO (minimally invasive plate osteosynthesis) technique may mitigate these complications. This retrospective 
series evaluates our experience with closed, displaced, midshaft clavicle fractures, describes the surgical technique with emphasis 
on the approach, and presents functional outcomes. Material and Methods: We retrospectively analyzed 32 patients (28 men 
[87.5%] and 4 women [12.5%]) with closed, simple, or comminuted fractures of the middle third of the clavicle treated surgically 
between January 2021 and March 2023. The average follow-up was 19 months (range 14–25), and the mean patient age was 32 
years. Exclusion criteria included patients under 16 years old, associated injuries, and significant comorbidities. Functional out-
comes were assessed using the ASES and the visual analog scale (VAS) for pain. Results: Surgery was performed within 3 days 
of injury, and radiological consolidation occurred at an average of 15.6 weeks. The mean modified Constant-Murley score was 
88.34, the mean ASES score was 83.8, and the mean VAS pain score was 0.5. No cases of subclavicular hypesthesia or painful 
scarring were reported. Conclusion: This technique achieved fracture consolidation and full range of motion while minimizing 
complications. The MIPO approach, with its simple and reproducible parameters, can be considered a safe option. 
Keywords: Fracture; clavicle; MIPO; nerve injury.
Level of Evidence: IV

Fractura de clavícula: técnica MIPO de fijación por la cara superior

Resumen
Introducción: A partir de los estudios clásicos propuestos por Neer, se ha establecido que los resultados de la cirugía abierta son 
superiores a los del tratamiento conservador en las fracturas desplazadas de clavícula. Sin embargo, la técnica abierta no está 
exenta de complicaciones (lesión nerviosa sensitiva, desperiostizaciones, cicatriz dolorosa). La aplicación de la técnica MIPO per-
mitiría disminuir estos riesgos. Objetivos: Comunicar nuestra experiencia en fracturas cerradas, desplazadas y mediodiafisarias 
de clavícula; describir la técnica quirúrgica focalizando en el abordaje y mostrar los resultados funcionales. Materiales y Méto-
dos: Serie retrospectiva de 32 pacientes (28 hombres [87,5%] y 4 mujeres [12,5%] con fracturas del tercio medio de la clavícula, 
cerradas, con trazos simples y conminutos, operados entre enero de 2021 y marzo de 2023. La edad promedio era de 32 años 
y el seguimiento promedio fue de 19 meses (rango 14-25). Se realizaron controles radiográficos y se evaluó la función mediante 
la escala de Constant-Murley modificada, la escala ASES y la escala analógica visual para dolor. Resultados: El tiempo hasta la 
cirugía fue de 3 días, se constató la consolidación radiológica en una media de 15.6 semanas. El puntaje promedio de Constant-
Murley modificado fue de 88,34; el puntaje ASES, de 83,8 y el de la escala analógica visual, de 0,5. No se reportaron hipoestesias 
subclaviculares ni dolor en la cicatriz. Conclusiones: Se logró la consolidación y la movilidad completa, evitando morbilidades y 
complicaciones asociadas. La MIPO, a partir de parámetros técnicos simples y reproducibles, es una opción segura. 
Palabras clave: Fractura de clavícula; MIPO; lesión nerviosa.
Nivel de Evidencia: IV

INTRODUCTION
Clavicle fractures are classified into medial, middle, and lateral thirds, with fractures of the middle third accoun-

ting for 80% of all clavicle fractures.1 Surgical treatment of fractures in the middle third has demonstrated better 
outcomes in terms of healing time and reduced risk of pseudoarthrosis.2,3

Clavicle Fracture: MIPO Superior Fixation 
Technique
Facundo Fazzone, Rafael Garay, Santiago Focaraccio, Carlos E. Martínez, Ítalo A. A. Tornatore Garrido
Upper Limb Team, Instituto Dupuytren de Traumatología y Ortopedia, Autonomous City of Buenos Aires, Argentina.
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Open reduction and internal fixation with plates and screws for clavicle fractures is not without complications. 
These include pseudoarthrosis in areas with significant bone resorption, wound infections, implant intolerance, 
sensory loss in the infraclavicular region, cosmetic concerns, and painful scars.4,5

Alternative techniques, such as intramedullary nailing, cause less surgical trauma but carry risks of fragment 
rotation and significant challenges during reoperations for implant removal. Pin osteosynthesis alone has been 
associated with inadequate fixation and implant migration.6,7

The MIPO (minimally invasive plate osteosynthesis) technique has yielded favorable outcomes in diaphyseal 
fractures of the upper and lower limbs.8,9 This method achieves relative stability while preserving the biological 
benefits of the fracture hematoma, as it avoids direct invasion of the fracture site and minimizes extensive soft 
tissue dissection.5-9

However, the clavicle presents unique technical challenges for reduction and implant placement, along with 
increased neurovascular risks.10

The objectives of this study are to present our experience with closed, displaced, mid-diaphyseal clavicle 
fractures; to describe the surgical technique with an emphasis on reducing sensory nerve injury and optimizing 
surgical times; and to report the functional outcomes.

MATERIALS AND METHODS
This retrospective study included a series of 32 patients (28 men [87.5%] and 4 women [12.5%]) with closed, 

simple, or comminuted fractures of the middle third of the clavicle, treated surgically between January 2021 and 
March 2023. The mean follow-up period was 19 months (range: 14–25 months). Patients were aged between 18 
and 72 years (mean: 32 years); 21 fractures were on the right clavicle and 11 on the left.

Anatomically contoured locking plates specifically designed for the clavicle were used in all patients. Radio-
graphic follow-up was performed, and functional outcomes were assessed using the modified Constant-Murley 
score, the ASES (American Shoulder and Elbow Surgeons) score, and a visual analog scale (VAS) for pain.

Inclusion criteria were: acute fractures, with a maximum of 72 h, fractures in the middle third, closed, displaced 
with more than 2 cm of shortening or overriding, without fragment contact, simple or comminuted traces; age 
>16 years.

Exclusion criteria were: associated neurovascular injuries, open fractures, associated fractures, clavicle frac-
tures outside the middle third; comorbidities (diabetes, smoking, alcoholism, etc.), age <16 years.

Radiological follow-up was conducted at 1 week and 4 weeks postoperatively, and then biweekly until com-
plete callus formation was observed.

Surgical Technique
The patient is placed in a beach chair position on a radiolucent table. An interscapular bolster is placed to 

facilitate fracture reduction (Figures 1 and 2). The affected upper limb is left free to allow manipulation during 
the operation. The C-arm is positioned at the bedside, ensuring the surgeon has unrestricted mobility. Before the 
surgery, the fracture line and clavicle boundaries are identified with radiological guidance, and the incision is 
marked using a guide implant identical to the one to be used.
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To protect the sensory branches of the supraclavicular nerve, specific anatomical landmarks are utilized. A 
medial point is marked 2.5–4 cm from the acromioclavicular joint, and a lateral point is marked 4–6 cm from the 
sternoclavicular joint. This creates a 9 cm margin where three terminal branches of the medial trunk of the supra-
clavicular nerve can typically be found (Figure 3). The lateral trunk, which provides sensory innervation to the 
shoulder above the circumflex, lies outside the surgical field.11

Figure 1. Image intensifier, AP view. Displaced segmental middle third fracture.

Figure 2. Preoperative oblique clavicle radiograph.
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The superior aspect of the clavicle is approached by making a skin incision 1 cm lateral and medial to the frac-
ture (Figure 4), extending through the skin and exposing the platysma. Subcutaneous blunt dissection is performed 
between the periosteal plane and the platysma to avoid injury to sensory branches. If proper fracture reduction is 
not achieved using the beach chair position and interscapular bolster, indirect maneuvers such as shoulder mobili-
zation (elevation and retraction) or digital compression at the fracture site can be employed. In cases where these 
methods are insufficient, direct maneuvers may involve placing K-wires (Figure 5) into both fragments to facilitate 
reduction. 

Figure 3. Representation of the innervation of the supraclavicular sensory branches.

A B

Figure 4. Radiologcally demarcated approaches.
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Timely surgical intervention is crucial to prevent soft callus formation, which can hinder effective fracture 
reduction.

Once the fracture is reduced and confirmed using the C-arm, the implant (Figure 6) is slid along the superior 
aspect of the clavicle. It is initially fixed with one screw on each side (medially and laterally) to restore cla-
vicular length. The remaining screws are then placed to ensure stable fixation, maintaining contact between the 
main fragments. Bicortical locking screws are preferred, especially medially, where care must be taken to avoid 
injury to neurovascular structures due to drill penetration or screw length. Alternatively, cortical screws may be 
used initially to minimize implant prominence, which can cause patient discomfort. Locking screws can then be 
added for enhanced stability. For challenging reductions, joystick-like pins (minimum diameter 2.5 mm) can be 
used to restore clavicular length (Figure 5). The reduction is completed by adjusting plate interference (Figure 
7), pulling the displaced fragments toward the plate using cortical screws before completing fixation with lock-
ing screws.

After implant fixation, the platysma, subcutaneous tissue, and skin are sutured to provide optimal implant 
coverage.

Figure 5. Fracture reduction using joystick pins.
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Figure 6. Blunt passage of the implant under the platysma.

Figure 7. Approximation of the implant to the bone with cortical screw.
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Intraoperative fluoroscopic control with the C-arm (Figure 8) is essential to verify fracture reduction, implant 
positioning, and screw length. Positioning the C-arm at the patient’s head helps ensure free movement for the 
surgical team.

Figure 8. Postoperative radiological control. Anatomical plate acting as a bridge.

Figure 9. Postoperative radiological control. Anatomic plate acting as a bridge.

RESULTS
The duration of surgery ranged from 32 to 95 minutes (mean: 42 minutes). Consolidation was achieved in all 

patients within 13 to 21 weeks (mean: 15 weeks) (Figure 9).

Range of motion (ROM) was assessed using a goniometer. All patients regained ROM comparable to the non-
operated side. Average measurements were as follows: flexion 178°, extension 35° and abduction 85° (Figure 10).

No implants required removal. There were no cases of wound infection, vascular injury, or hypoesthesia in the 
infraclavicular region (Figure 11).
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One patient developed medial and lateral keloids. A scar revision was performed using a lozenge excision, 
followed by the application of Steri-Strip® tapes to reduce tension in the surgical area, resulting in satisfactory 
healing.

The results of the series are summarized in the Table. In the Constant-Murley scale, Spanish version for Argen-
tina,12 the average score was 88.34 (range 78-100). The average score of the ASES scale was 83.8 (range 76-89).13 
The pain score according to the visual analog scale was, on average, 0.5 (range 0-2).

Figure 10. Mobility one month after surgery. A. Shoulder at rest. B. Shoulder in maximum abduction.

Figure 11. Remote evolution of the surgical wound.
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Table. Data from the retrospective series.

Pacient Age Sex ASES Score Constant-Murley 
Score

Visual analog scale 
for pain

  1   30 Male   83   80   1

  2   25 Female   89   96   0

  3   16 Male   85   92   0

  4   69 Male   85   100   0

  5   31 Male   77   60   3

  6   17 Male   85   88   1

  7   26 Female   76   83   2

  8   27 Male   82   100   0

  9   16 Male   84   100   0

  10   55 Male   85   78   1

  11   55 Male   85   79   1

  12   50 Male   81   80   2

  13   41 Male   85   84   1

  14   44 Female   85   88   1

  15   19 Male   82   69   2

  16   31 Male   81   70   1

  17   67 Male   79   86   2

  18   48 Male   88   88   1

  19   50 Male   78   75   2

  20   72 Male   84   86   1

  21   29 Female   88   89   0

  22   18 Male   86   90   0

  23   35 Male   80   89   1

  24   40 Male    82   88   1

  25   41 Male   86   100   0

  26   18 Male   89   86   0

  27   31 Male   86   94   0

  28   30 Male   87   85   0

  29   25 Male   86   98   0

  30   25 Male   86   100   0

  31   27 Male   87   100   0

  32   44 Male   80   91   2

ASES = American Shoulder and Elbow Surgeons.
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DISCUSSION 
The application of the MIPO principle minimizes disruption to the biological processes involved in fracture 

healing, providing relative stability that ensures adequate mechanical support for bone consolidation. This tech-
nique has been successfully applied across various bone segments with excellent outcomes.8,9,10,14 We were able to 
replicate these positive results in our series of patients.

The debate over anterior versus superior placement of the implant remains ongoing. Kang et al.,14 Iannotti et al,.15 
and Celestre et al.16 advocate for anterior placement due to its reduced likelihood of causing patient discomfort 
and its biomechanical advantages, including lower risks of implant breakage and pull-out. In our series, a superior 
plate placement was used, yielding comparable results without implant breakage. Additionally, superior place-
ment avoided injury to the deltoid at its insertion on the lateral third and the anterior edge of the clavicle. Superior 
fixation also simplifies the procedure, as it eliminates the need for extensive plate pre-molding to fit individual 
anatomy. When applied to comminuted fractures, a plate on the superior aspect functions as a bridge. In transverse 
fractures subjected to high stress under load, it acts as a tension band, generating compression at the fracture site. 
These biomechanical principles underpin the favorable outcomes achieved in this study.14,17-19

The length of screws, particularly on the medial side, poses a potential risk of vascular injury. Sohn et al. recom-
mend anterior implant placement to mitigate this risk.10 In our series, we used locking screws, which can even be 
monocortical, to capitalize on the enhanced cortical stability. By locking the screw to the plate, the risk of contra-
lateral injury is eliminated. To further reduce risk during drilling, we used short drill bits with guides serving as 
depth stops. This approach provided sufficient fixation without any cases of screw pull-out or implant breakage.

Subclavicular nerve injury, a frequent complication reported by various authors,11,20 often results in subcutaneous 
implant discomfort and scar pain. However, this complication was avoided in our patients by identifying the loca-
tions of the sensory branches and carefully preserving them during the surgical approach. The implant was also 
carefully slid under the platysma to further reduce the risk of nerve injury.

Six of our patients had tattoos in the surgical area; however, these did not interfere with the use of the anatomical 
landmarks essential for the MIPO technique.

The limitations of this study include the short follow-up period and the absence of a control group treated with 
open reduction, which would allow for more meaningful comparisons.

CONCLUSIONS
This study demonstrated successful fracture consolidation and full recovery of range of motion while avoid-

ing morbidities and complications such as neurovascular injury, implant rupture, and implant removal. Based on 
straightforward and reproducible technical parameters, the MIPO technique represents a safe and effective surgical 
option.

R. Garay ORCID ID: https://orcid.org/0009-0003-1090-1670
S. Focaraccio ORCID ID: https://orcid.org/0000-0001-7199-9841 
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Abstract
Objective: To present the outcomes of reconstructing the triangular fibrocartilage complex (TFCC) in Atzei Type 4 chronic lesions 
through arthroscopic reconstruction using the Carratalá technique and a palmaris longus graft. Materials and Methods: We 
retrospectively evaluated nine patients with Atzei Type 4 TFCC lesions, including six male and three female patients. All lesions 
were reconstructed arthroscopically with a free graft of the palmaris longus tendon, secured with radial and ulnar fixation using 
the Carratalá technique. We assessed range of motion (ROM), grip strength, the Mayo wrist score, and the Disabilities of the Arm, 
Shoulder, and Hand (DASH) score. Results: Pain and strength tests results improved in the 9 patients, in an average follow-up of 
14 months. All of the patients worked. The average ROM was 80° for both extension and flexion, with a pronation-supination range 
of 160°. The Mayo wrist score was excellent in 78% of cases, good in 11%, and poor in 11%. The DASH score improved from an 
average of 61 points preoperatively to 9 points at 14 months postoperatively. The average comparative contralateral grip strength 
was 85%. Conclusions: Arthroscopic reconstruction of the TFCC in Atzei Type 4 chronic lesions using the Carratalá ligamento-
plasty for distal radioulnar stability is a minimally invasive and replicable technique that yields favorable functional outcomes. 
Keywords: Wrist arthroscopy; Atzei 4; triangular fibrocartilage complex; chronic lesion.
Level of Evidence: IV

Resultados del tratamiento artroscópico de lesiones Atzei 4 del complejo del fibrocartílago triangular 
mediante ligamentoplastia de Carratalá

Resumen 
Objetivo: Comunicar los resultados de la reconstrucción del complejo del fibrocartílago triangular en las lesiones crónicas Atzei 4, 
mediante la ligamentoplastia de Carratalá con injerto de palmar menor. Materiales y Métodos: Se evaluó, en forma retrospectiva, 
a 9 pacientes (6 hombres y 3 mujeres) con lesión del complejo del fibrocartílago triangular Atzei 4. Todas las lesiones se recons-
truyeron con artroscopia mediante un injerto libre del palmar menor con fijación radial y cubital usando la técnica de Carratalá. Se 
analizaron los rangos de movilidad, la fuerza de agarre y la escala MWS y el cuestionario DASH. Resultados: Las pruebas de 
dolor y la fuerza mejoraron en los 9 pacientes, en un seguimiento promedio de 14 meses. Todos trabajaban. El rango de movilidad 
promedio fue de 80° de extensión, 80° de flexión y 160° de pronosupinación. El puntaje de la escala MWS fue excelente en el 
78%, bueno en el 11% y malo en el 11%. El puntaje DASH promedio antes de la cirugía era de 61 y fue de 9 a los 14 meses de la 
intervención. El promedio de la fuerza comparativa contralateral fue del 85%. Conclusiones: La reconstrucción artroscópica del 
complejo del fibrocartílago triangular en lesiones crónicas Atzei 4, mediante la ligamentoplastia de Carratalá para la estabilización 
radiocubital distal, es una variante artroscópica mínimamente invasiva, replicable con buenos resultados funcionales.
Palabras clave: Artroscopia de muñeca; Atzei 4; complejo del fibrocartílago triangular; lesión crónica.
Nivel de Evidencia: IV 
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INTRODUCTION
The triangular fibrocartilage complex (TFCC) is the primary stabilizer of the distal radioulnar joint (DRUJ). 

It consists of the articular disc, the proximal and distal dorsal and palmar ligaments, the ulnocarpal ligaments, 
and the ligamentum subcruentum.1-4 DRUJ stability depends on the TFCC, the joint capsule, the posterior ulnar 
ligament, the pronator quadratus, and the distal oblique band. The TFCC is a fibrocartilaginous disc that has 
rich vascularization in its ulnar region, limited vascularization on the radial side, and no vascularization in the 
center.2  

TFCC injury is one of the most common causes of ulnar wrist pain and can significantly limit activities of 
daily living.3,4

In 1989, Palmer categorized TFCC injuries into two groups (Table 1): type 1 (acute or traumatic) and type 2 
(chronic or degenerative).5 Based on anatomical and histological insights into the TFCC, Atzei proposed a clas-
sification (Table 2) for Palmer’s 1B lesions, dividing them into five types.4

Table 1. Palmer’s classification for triangular fibrocartilage complex (TFCC) lesions.

Class 1 A. Central perforation
B. Ulnar avulsion 
C. Avulsion of the ulnocarpal ligaments
D. Radial avulsion 

Class 2 TFCC central wear
Central wear of the TFCC and chondromalacia of the lunate or ulnar head.
Perforation of the TFCC and chondromalacia of the lunate or ulnar head.
C plus perforation of the lunotriquetral ligament
D plus ulnocarpal osteoarthritis

Table 2. Atzei classification for ulnar injuries of the triangular fibrocartilage complex based on their stability, 
ligamentous structures, potential for repair, and suggested treatment.

Type DRU
Inestability

Appearance 
of the distal 

TFCC

Appearance of 
the proximal 

TFCC

TFCC repair 
potential

Appearance 
of the DRU 

cartilage

Suggested 
treatment

1 Mild/No Broken Intact Good Good Capsule repair

2 Moderate/
Severe

Broken Broken Good Good Foveal repair 

3 Moderate/
Severe

Intacto Broken Good Good Foveal repair

4 Severe Broken Broken Poor Good Graft reconstruction

5 Moderate/
Severe

Variable Variable Variable Poor Artroplasty or 
salvage

DRUJ = distal radioulnar joint; TFCC = triangular fibrocartilage complex.
Taken from: Sala M, Daroda S. Results of the Knotless Arthroscopic Foveal
Anchorage of the Triangular Fibrocartilage Complex in Atzei 2/3 Lesions. Rev Asoc Argent Ortop Traumatol 2021;86(5):581-594. https://doi.org/10.15417/
issn.1852-7434.2021.86.5.1374
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Various histological changes have been observed in TFCC injuries. Rein et al. developed a scale based on cel-
lular changes due to age and prior trauma. Their research demonstrated a reduction in the cellular matrix of the 
articular disc, altering its histological composition and resulting in irreparable degenerative lesions.6,7

According to Atzei and Luchetti, Atzei 4 lesions are considered irreparable and they lead to chronic DRUJ insta-
bility. In such cases, reconstruction with a graft is recommended.4 

For irreparable TFCC injuries, multiple ligament reconstruction techniques are available, including both open 
and arthroscopic approaches, with varying outcomes.8-10

Advances in wrist arthroscopy have facilitated the evaluation of both the DRUJ and TFCC, enabling minimally 
invasive anatomic repairs and reconstructions.11-13

The Carratalá TFCC arthroscopic ligament reconstruction technique incorporates concepts from Adams and 
Berger’s open reconstruction method and Atzei’s arthroscopically assisted approach.14 This arthroscopic technique 
reconstructs the radioulnar ligaments anatomically at their radial and ulnar insertions using a tendon graft, thereby 
restoring DRUJ stability.

The aim of this study was to evaluate the outcomes of treating Atzei 4 lesions using the Carratalá ligament re-
construction technique.

MATERIALS AND METHODS
A retrospective study was conducted to evaluate the arthroscopic surgical reconstruction of Atzei 4 TFCC le-

sions using the Carratalá ligament reconstruction technique. Preliminary outcomes are presented for the first nine 
patients treated (Table 3). 

Table 3. Demographic characteristics of patients 

Patient Age 
(years)

Sex Atzei 
Injury

Evolution of 
pain (months)

Nakamura 
Test

Berger’s 
test

Dominant hand

1 34 Female 4 8 Positive Positive Yes

2 42 Male 4 9 Positive Positive No

3 38 Female 4 14 Positive Positive Yes

4 45 Male 4 18 Positive Positive Yes

5 33 Male 4 6 Positive Positive Yes

6 40 Male 4 12 Positive Positive Yes

7 37 Male 4 10 Positive Positive Yes

8 44 Male 4 8 Positive Positive Yes

9 39 Female 4 11 Positive Positive Yes

The reconstruction technique was applied to nine patients (six men and three women) with chronic unstable 
TFCC lesions. Eight dominant and one non-dominant hands were operated on. All lesions were reconstructed 
arthroscopically with a free graft of the palmaris longus tendon, secured with radial and ulnar fixation using the 
Carratalá technique.

Outcomes were assessed through wrist range of motion, grip strength, the Mayo Clinic Wrist Score (MWS), and 
the Disabilities of Arm, Shoulder, and Hand (DASH) score.

Inclusion criteria included: Age >30 years, DRUJ instability and TFCC tear confirmed by clinical tests and MRI, 
symptoms persisting for more than six months, and history of prior surgery for TFCC injury. In all cases, the di-
agnosis and presence of Atzei 4 lesions were confirmed via arthroscopy before initiating the proposed treatment.
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Exclusion criteria included: Age <30 years; histological changes in the central disc and ligamentous retraction 
of the TFCC, confirmed by arthroscopy; and presence of distal radioulnar osteoarthritis.

Wrist range of motion (flexion, extension, ulnar and radial deviations) was measured using a standard PVS 
hand goniometer, while grip strength was assessed with a standard hydraulic joint dynamometer (Baseline-Or-
thowell®).

The treatment protocol used was as follows: During the initial consultation, if instability without a stop was 
identified using the Nakamura test, an MRI was ordered. If a foveal lesion of the TFCC was detected (sometimes 
with signs of foveal retraction), surgical treatment was recommended.

Surgical Technique   
The procedure is performed under ultrasound-guided brachial plexus block anesthesia with a pneumatic cuff 

inflated to 250 mmHg to prevent ischemia. 3-4, 6R, and 6U portals are used. The radiocarpal joint is explored, and 
the TFCC is inspected (Figure 1). At this stage, chronic injury with irreparable ligamentous debris is confirmed in 
both previously untreated injuries and those with failed suture repairs. 

Figure 1. Radiocarpal and triangular fibrocartilage complex examination.
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Figure 2. Graft harvesting of the palmaris longus.

The radioulnar joint surface is evaluated through portal 3-4. Once good condition is confirmed, a tendon graft 
is harvested from the palmaris longus  (Figure 2). The graft is prepared using a 2-0 Vicryl suture with Krackow 
stitches at both ends to minimize handling damage. A lateral incision of approximately 2 cm is made, located 3 cm 
from the tip of the ulnar styloid. 
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Through this incision, under direct visualization via portal 3-4, a 4-mm bone tunnel is drilled at the fovea (Figure 
3). Using portal 3-4 for direct visualization, two guides—one volar and one dorsal—are placed at the radial notch, 
diverging at a 30° angle relative to the radial metaphysis axis. A 3-mm drill is used to create the radial tunnels, 
ensuring the radial cortex is spared (Figure 4). 

Figure 3. Foveal tunnel perforation with view through portal 3-4.

Figure 4. Placement of guides over the radius and drilling over the radial notch.
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A SutureLasso® (Arthrex, Naples, FL, USA) with a nitinol loop is introduced through the bone tunnel (Fig-
ure 5). The tendon graft is passed from portal 6U to 6R using the nitinol loop (Figure 6), which is then retrieved 
through the bone tunnel (Figure 7). 

Figure 5. Introduction of nitinol through the foveal bone tunnel.

Figure 6. Passage of the palmaris longus graft from portal 6U to portal 6R and 
retrieval with nitinol through the bone tunnel.
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Both ends of the tendon are anchored within the radial tunnels using two 3.5-mm biotenodesis screws (Figure 
8). The portion of the tendon retrieved through the ulnar bone tunnel is secured to the ulnar diaphysis, 2.5 cm from 
the styloid, using a 4-mm biotenodesis screw (Figure 9) (Video). 

The joint, fixation points, and graft tension are inspected, and DRUJ stability is confirmed. The surgical proce-
dure is then concluded (Figure 10). 

RESULTS
The reconstruction technique was performed on nine patients of working age (mean age: 44 years) who had 

chronic unstable TFCC lesions. The average follow-up period was 14 months, and the outcomes showed signifi-
cant improvements.

The average range of motion was 80° of extension, 80° of flexion, and 160° of pronation. Regarding the Mayo 
Wrist Score (MWS), 78% of cases were rated as excellent, 11% as good, and 11% as poor. The average DASH 
score improved from 61 before surgery to 9 at 14 months postoperatively. Finally, the average contralateral com-
parative grip strength was 85%.

One poor outcome was observed in a patient who experienced distal radioulnar subluxation immediately after 
surgery. This progressed to distal radioulnar osteoarthritis, necessitating a second procedure with the arthroscopic 
Sauvé-Kapandji technique.15 

Figure 7. Graft retrieval through the bone tunnel.
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Figure 8. Anchoring of the palmaris longus graft to the radial tunnels with a 3.5 mm 
biotenodesis screw.

Figure 9. Anchorage of the tendon retrieved through the bone tunnel to the ulnar diaphysis.
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We highlight patient 3 from our series, who had an additional scapholunate ligament injury requiring surgical 
intervention. With the patient’s consent, a revision ligamentoplasty was performed seven months postoperatively. 
Upon revision, a fibrotic mantle was observed integrating the tendon grafts, showing ligamentization (Figure 11). 
This process resembled neofibrocartilage formation and maintained DRUJ stability (Figure 12). These findings 
align with those described in Lindsay’s study on ligamentization in the wrist.16

Figure 11. View of the fibrotic mantle integrating tendons.

Figure 10. Inspection of the joint and tendon graft tension.
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DISCUSSION 
Various treatment options have been published for chronic TFCC injuries, often based on the original Adams 

and Berger technique. These authors proposed an open, non-anatomic radial and ulnar ligament reconstruction 
technique, with variable outcomes.13

Luchetti et al., along with Chu-Kay Mak and Ho in 2017, developed an arthroscopically assisted technique de-
rived from the non-anatomic reconstruction described by Adams, also reporting variable outcomes.15

In 2021, Liu and Fok, as well as Zhang et al., published a technique for chronic foveal lesions with preserved 
radial insertion. However, this approach could not be applied in our study due to the presence of irreparable radial 
injuries in our patient cohort.17,18

Carratalá et al. introduced the TFCC ligamentoplasty technique for addressing chronic instability in Atzei 4 le-
sions. Their limited series included four patients (mean age: 41 years) with a follow-up period of 24 months. The 
outcomes were categorized as excellent (1 case), good (2 cases), and poor (1 case) based on the Mayo Wrist Score 
(MWS). The pre-surgical DASH score averaged 44, improving to 11 post-surgery.14

In our series, the Carratalá ligament reconstruction technique was performed on nine consecutive patients with a 
follow-up period of 14 months. Our results showed excellent or good outcomes, comparable to those reported by 
other authors, despite the shorter follow-up period. A comparative summary of our series alongside other major 
studies is presented in Table 4.

Figure 12. Fibrosis covered graft, with adequate tension and stability.
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All the aforementioned studies, including ours, demonstrated similar outcomes—ranging from excellent to 
good—with minimal complications. Patients regained a comparable percentage of strength, and our DASH and 
MWS scores were equal to or better than the previously reported outcomes.

Based on the existing literature and the results of our case series, we consider the Carratalá ligamentoplasty 
technique to offer the best biomechanical solution for repairing Atzei 4 lesions.

The strengths of our study include the evaluation of a homogeneous group of patients, consistent application of 
the treatment by a single surgeon, and a revision ligamentoplasty in which a structure resembling neofibrocartilage 
was observed. However, the study’s retrospective design, small sample size, and lack of long-term follow-up are 
notable limitations.

CONCLUSIONS
Arthroscopic reconstruction of the TFCC in chronic Atzei 4 injuries using the Carratalá ligamentoplasty tech-

nique for distal radioulnar stabilization is a minimally invasive, reproducible approach that achieves good func-
tional outcomes.

Table 4. Comparative outcomes with reference series

Results Technique Patients
(n)

Follow-
up

(months)

Grip
(%)

DASH 
score

MWS 
(excellent 
or good)

Sensory 
neuropathy

Residual 
instability

Luchetti 
et al.

Atzei recons-
truction 

11 68 - 48 preop.
25

postop.

82 1 1

Chu-Kay 
Mak and 
Ho

Author’s 28 62 71 - 79 3 -

Carratalá 
et al.

Author’s 4 24 - 44 preop.
11 postop.

85 - -

Liu and 
Fok

Author’s 12 29 90 31 preop.
9 postop.

95 - -

Zhang et 
al.

Reconstruc-
tion with bone 
monotunnel 
with grafting

12 21 89 - 89 - -

Sala et 
al.

Carratalá liga-
mentoplasty

9 14 85 61 preop.
9 postop.

90 - 1

DASH = Disabilities of Arm, Shoulder and Hand score; MWS = Mayo Wrist Score; preop. = preoperative; postop. = postoperative.
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Abstract
Objective: This study retrospectively evaluates the functional outcomes of patients with triangular fibrocartilage complex (TFCC) 
foveal injuries treated arthroscopically with knotless double-row suture anchor repair. Materials and Methods: Fourteen consecu-
tive patients with Atzei type 2/3 TFCC foveal lesions were retrospectively analyzed. All were of working age and had an average 
follow-up of 15 months. Arthroscopic repair was performed using a knotless double-row suture anchor repair with monotunnel 
foveal anchorage. One suture fixed the volar radioulnar ligament, while the other secured the dorsal radioulnar ligament to the 
fovea. Outcomes assessed included range of motion (ROM), grip strength, the Mayo Wrist Score, and the Disabilities of the Arm, 
Shoulder, and Hand (DASH) score. Results: Improvements in pain and strength were observed. The Mayo Wrist Score results 
were rated as excellent or good. The average DASH score improved from 62 preoperatively to 8 postoperatively. Comparative grip 
strength was 80% of the contralateral side. Conclusions: Arthroscopic repair of Atzei type 2/3 lesions using a double-row suture 
anchor repair with monotunnel ligament anchorage yields good outcomes, improving ROM, restoring stability, and achieving par-
tial or total recovery of strength. Careful attention should be given to suture passage through the TFCC and screw fixation in the 
metaphysis to minimize complications. 
Keywords: Wrist arthroscopy; triangular fibrocartilage complex; TFCC isometric anchorage; radioulnar instability.
Level of Evidence: IV 

Resultados del tratamiento artroscópico de lesiones foveales del complejo del fibrocartílago triangular 
mediante doble sutura isométrica sin nudo

Resumen
Objetivo: Evaluar, en forma retrospectiva, la función y los resultados de los pacientes con una lesión foveal del complejo del 
fibrocartílago triangular tratados con un anclaje óseo isométrico con doble sutura ligamentaria, monotúnel, por vía artroscópica. 
Materiales y Métodos: Se evaluó a 14 pacientes consecutivos, en edad laboral, que tenían una lesión foveal del complejo del 
fibrocartílago triangular Atzei 2/3 y un seguimiento promedio de 15 meses. Todas las lesiones se repararon mediante artroscopia 
con una doble sutura ligamentaria, isométrica, sin nudo con anclaje foveal monotúnel. Se utilizó una sutura para fijar el ligamento 
radiocubital volar y otra para fijar el ligamento radiocubital dorsal a la fóvea. Se evaluaron el rango de movilidad, la fuerza de 
agarre, y se utilizaron el Mayo Wrist Score y el puntaje DASH. Resultados: Los puntajes de dolor y fuerza mejoraron. El Mayo 
Wrist Score fue excelente y bueno. El puntaje DASH preoperatorio era de 62 y de 8 en el posoperatorio. El promedio de la fuerza 
comparativa contralateral fue del 80%. Conclusiones: La reparación artroscópica de las lesiones Atzei 2/3 mediante doble sutura 
isométrica con anclaje ligamentario monotúnel, sin nudo logra buenos resultados: mejora el rango de movilidad, recupera la es-
tabilidad y la fuerza en forma total o parcial. Se debe tener cuidado en el pasaje de las suturas por el complejo del fibrocartílago 
triangular y la fijación mediante el tornillo en la metáfisis para evitar las complicaciones comunicadas en esta serie. 
Palabras clave: Artroscopia de muñeca; complejo del fibrocartílago triangular; anclaje isométrico; inestabilidad radiocubital distal.
Nivel de Evidencia: IV
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INTRODUCTION
The triangular fibrocartilage complex (TFCC) primarily functions to stabilize the distal radioulnar joint (DRUJ) 

and to transmit and cushion the load of the hand to the wrist.
This complex is composed of the articular disc, the proximal and distal dorsal and palmar radioulnar ligaments, 

the ulnocarpal ligaments, and the extensor carpi ulnaris (ECU) subsheath. The articular disc is specifically re-
sponsible for load transmission and cushioning.1

The stability of the DRUJ relies on the compression between articular surfaces and the tension generated during 
movement by the dorsal and volar radioulnar ligaments. These ligaments attach radially at the distal radius and 
deeply at the ulnar fovea. They originate from the ulnodorsal and ulnovolar angles of the distal radius, converging 
at the distal ulnar fovea, with some fibers extending to the ulnar styloid.1

The DRUJ can be conceptualized as a “tensegrity” structure, where tension and compression work together to 
ensure proper joint function.1

Secondary stabilizers of the DRUJ include the joint capsule, the posterior ulnar sheath, the deep head of the 
pronator quadratus, and the distal oblique band of the interosseous membrane.2

The TFCC has a rich vascular supply in its ulnar area, poor vascularity on its radial side, and no vascularization 
at the center of the disc.1,2 This complex is surrounded by fibrous structures that play a crucial role in rotational 
stability, load transmission, and force translation from the wrist to the forearm.2

TFCC injury is one of the most common causes of ulnar wrist pain, often limiting daily activities.1,3

Palmer classified TFCC injuries into two types: traumatic (acute) and degenerative (chronic) (Table 1).1-6  

Table 1. Palmer’s classification for triangular fibrocartilage complex (TFCC) lesions.

Class 1 A. Central perforation
B. Ulnar avulsion 
C. Avulsion of the ulnocarpal ligaments
D. Radial avulsion 

Class 2 TFCC central wear
Central wear of the TFCC and chondromalacia of the lunate or ulnar head.
Perforation of the TFCC and chondromalacia of the lunate or ulnar head.
C plus perforation of the lunotriquetral ligament
D plus ulnocarpal osteoarthritis

Acute injuries result from wrist trauma involving hyperextension, ulnar deviation, direct impact, or weight-
bearing activities.1,3 Degenerative injuries are associated with repetitive axial loading and ulnar deviation, as well 
as poor healing of distal radius fractures.5,6

Atzei and Luchetti modified the traditional “hammock” concept of the TFCC to an “iceberg” model. In this 
model, the superficial fibers represent the visible portion that tolerates and absorbs impact, while the deep fibers, 
responsible for stability, remain hidden. They expanded Palmer’s classification for 1B lesions, distinguishing be-
tween injuries to superficial and deep fibers and differentiating acute from chronic lesions (Table 2). 1,3

Wrist arthroscopy is the gold standard for diagnosing and treating TFCC injuries. The two most commonly used 
arthroscopic tests are the hook test for foveal lesions and the trampoline test for superficial lesions, both with sen-
sitivity and specificity close to 90%.2,5
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The preferred technique for treating unstable TFCC lesions involves reinsertion of the foveal fibers.
The aim of this study was to demonstrate that isometric, anatomic repair using the arthroscopically assisted 

monotunnel anchor technique yields favorable outcomes for TFCC Atzei 2/3 lesions.

MATERIALS AND METHODS
A retrospective study was conducted to evaluate outcomes in 14 adult patients with deep TFCC Atzei 2/3 lesions 

who underwent surgery between February 1, 2021, and December 31, 2022. Atzei 2 and 3 lesions are foveal TFCC 
injuries causing DRUJ instability.

Inclusion criteria were: age >18 years, no history of TFCC surgery or wrist arthroscopy, who had ulnar wrist 
border pain compatible with a TFCC injury limiting work, sport or daily activities; positive Berger, Ruby and Na-
kamura tests, Atzei 2/3 lesions confirmed by arthroscopy and a minimum postoperative follow-up of 6 months. In 
this study, the association or not of ulnar styloid fracture was not considered. 

Exclusion criteria were: previous TFCC surgery, previous wrist arthroscopy, Palmer 2 degenerative TFCC le-
sions, and DRUJ osteoarthritis. 

Fourteen patients (10 males and 4 females) with unstable foveal TFCC lesions were included. Twelve surgeries 
involved dominant wrists, while two involved non-dominant wrists.

Wrist range of motion in flexion, extension, and ulnar/radial deviation was measured using a standard PVS hand 
goniometer. Grip strength was evaluated with a Baseline-Orthowell® hydraulic joint dynamometer. 

Pain was assessed using the visual analog scale (VAS) and functional outcomes were measured with the Mayo 
Clinic Wrist Score (MWS) and the Disabilities of Arm, Shoulder, and Hand (DASH) score.

The mean time from injury to surgery was 4 months (range: 6 weeks to 14 months). Postoperative follow-up 
ranged from 11 to 22 months (mean: 15 months).

The treatment protocol was as follows: During the first consultation for ulnar wrist pain, a detailed history of the 
trauma mechanism was obtained, followed by a clinical examination. Tests including Nakamura’s, Waiter’s, Ru-
by’s, Berger’s, and axial ulnocarpal compression in three wrist positions (compared to the contralateral side) were 
performed. Radiographs (anteroposterior and weight-bearing anteroposterior views) and MRI were requested. 

For injuries confirmed by imaging within 6 weeks of occurrence, immobilization with a sugar-tong splint for 3 
weeks was prescribed. Following immobilization, physiotherapy was initiated. If positive clinical signs persisted 
after rehabilitation, diagnostic and therapeutic wrist arthroscopy was performed. For injuries presenting more than 
6 weeks after the trauma, surgical repair was directly indicated.

Table 2. Atzei classification for Palmer’s 1B lesions. 

Class DRUJ 
instability

TFCC Involvement Distal   
Proximal

Healing potential 
of the TFCC

DRUJ 
cartilage 
condition

Treatment

1 Distal 
repairable

Mild or 
negative

Torn Healthy Good Good Suture

2 Repairable 
foveal

Moderate or 
severe 

Torn Torn Good Good Foveal repair

3 Distal 
and foveal 
repairable

Moderate or 
severe

Healthy Torn Good Good Foveal repair

4 Not 
repairable

Severe Torn Torn Poor Good Reconstruction

5 DRUJ 
osteoarthritis

Moderate or 
severe

- - - Poor Salvage 
procedure

DRUJ = distal radio ulnar joint; TFCC = triangular fibrocartilage complex. 
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Surgical Technique  
The procedure is performed under plexus block anesthesia with an ischemia-preventive cuff inflated to 250 

mmHg. Standard portals 3-4 and 6R, along with an ulnar incision approximately 3 cm long and located 1.5 cm 
distal to the ulnar styloid tip, are routinely utilized.

First, the entire radiocarpal joint is explored. Subsequently, the trampoline and hook tests are conducted to assess 
TFCC lesions and classify them (Figures 1 and 2). 

Figure 1. Trampoline test.

Figure 2. Hook test.
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During the hook test, the probe is inserted through the 6R portal into the prestyloid recess. An attempt is made 
to elevate the articular disc. A negative test indicates failure to elevate the disc, while a positive test confirms suc-
cessful elevation and indicates a foveal lesion of the deep radioulnar ligaments.

During the trampoline test, the probe is inserted through the 6R portal and pressed onto the articular disc to as-
sess its tension. If the disc resists depression, the test is negative. Conversely, a positive test demonstrates depres-
sion of the disc, confirming a lesion of the superficial radioulnar ligaments.

Once a lesion is confirmed, synovectomy and debridement are performed. A TFCC guide is positioned externally 
at the ulnar site, entering through portal 6R, to create the ulnar tunnel in Matsumoto zone 2/2 (Figure 3).

Figure 3. Placement of the triangular fibrocartilage complex guide through the 6R portal.
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An ulnar incision, approximately 3 cm long, is made starting 1.5 cm distal to the ulnar styloid. This approach 
allows placement of the guide wire through portal 6R. Careful dissection is crucial to prevent injury to the ulnar 
sensory branch.

The guide is set at a 45° angle, 1.5 cm from the ulnar styloid, with an aperture for pin placement. Maintaining 
this angle and distance is essential to ensure the pin exits in the correct area of the ulna.

After proper alignment, a pin is inserted using a motor to create the ulnar tunnel. The pin penetrates the ar-
ticular disc, confirming the tunnel’s accurate positioning in Matsumoto zone 2.

Reaming of the bone tunnel is performed using a 3.5 mm guide with a reamer protector to prevent damage 
to the sensory branch of the ulnar nerve. Reaming is limited to the ulna and must avoid drilling through the 
articular disc to preserve its integrity for subsequent anchorage. After reaming, the guide, reamer, and initial 
pin are removed.

A suture passer with a 2.0 unbreakable suture (FiberWire®) is introduced through the ulnar tunnel, penetrat-
ing the volar radioulnar ligament in zone 1. The needle is inserted 2 mm dorsal to the ulnocarpal ligaments. 
One end of the suture is retrieved through portal 6R, while the other remains outside the ulnar tunnel (Figures 
4-6).

Figure 4. View of the pin in zone 2.
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Figure 6. Retrieval of the thread through portal 6R.

Figure 5. Suture pin insertion in Matsumoto zone 2.
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A suture puller is then introduced through the ulnar tunnel, penetrating the volar radioulnar ligament in zone 3, 
with an insertion 2 mm dorsal to the ulnocarpal ligaments. The suture puller exits through portal 6R, creating a 
loop. The free end of the first suture is passed through this loop and gently pulled, securing it in the ulnar tunnel. 
This process tightens the fibrocartilage at the volar ligament margin (Figures 7-9). 

Figure 7. View from portal 3-4 of the suture passer thread retrieved 
through portal 6R.

Figure 8. Needle with FiberWire® suture perforating the volar 
radioulnar ligament.
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The approximate distance between the two perforations of the volar radioulnar ligament is 2 to 3 mm. The end 
of the suture that was retrieved through portal 6R is placed inside the loop of the suture retriever and gently pulled 
from the end of the suture retriever that was held outside the ulnar tunnel by visualization through portal 3-4. The 
free end that was through portal 6R is seen to descend through the traction of the suture retriever and is introduced 
into the ulnar hole by tightening the fibrocartilage at its volar ligamentous margin (Figures 10-13). In this way, a 
suture is obtained by tightening the volar radioulnar ligament with its two limbs through the ulnar tunnel and its 
ends outside it. 

Figure 9. Retrieval of the FiberWire® suture through the 6R portal.

Figure 10. FiberWire® suture retrieved through the 6R portal.
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Figure 11. Passage of the FiberWire® suture through the ulnar tunnel 
using the suture retriever.

Figure 12. Suture retrieval through the ulnar tunnel, as seen through 
the 6R portal.
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Then, a suture passer with FiberWire® is used to penetrate the dorsal radioulnar ligament in zone 4, with 
insertion 2 mm volar to the dorsal capsule. The suture is retrieved through portal 6R and tightened through the 
ulnar tunnel (Figures 14-16). 

Figure 13. Tensioning of the volar radioulnar ligament, first suture, 
seen from portal 3-4.

Figure 14. Second threaded pin through the ulnar tunnel. The dorsal 
radioulnar ligament is perforated, as seen from portal 3-4.
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Figure 15. Second FiberWire® suture through the ulnar tunnel, 2 mm 
radial to the dorsal radioulnar ligament.

Figure 16. FiberWire® suture retrieved through the 6R portal.

Another suture puller is introduced to secure the dorsal ligament in zone 6, again 2 mm volar to the dorsal 
capsule. The suture is passed through the loop, tightened, and secured in the ulnar tunnel (Figures 7-9). 
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The approximate distance between the two dorsal radioulnar ligament perforations is 2 to 3 mm. The end of 
the suture that was retrieved through portal 6R is placed inside the loop of the suture retriever and gently pulled 
from the end of the suture retriever that was held outside the ulnar tunnel by visualization through portal 3-4. It 
is observed how the free end that was through portal 6R descends thanks to the traction of the suture retriever 
and is introduced into the ulnar hole by tightening the fibrocartilage at its dorsal ligamentous margin (Figures 
17 and 18). 

Figure 17. Second FiberWire® suture retrieved through the 6R portal.

Figure 18. Passage and retrieval of the FiberWire® suture through the 
ulnar tunnel, view from portal 3-4.
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In this way, a suture is obtained by tightening the dorsal radioulnar ligament with its two limbs through the ulnar 
tunnel and its ends outside the ulnar tunnel (Figure 19).

Figure 19. Tensioning of the dorsal radioulnar ligament of the 
triangular fibrocartilage complex, view from portal 3-4.

The two sutures tightening the TFCC are observed through portal 3-4, one in zones 1 and 3 corresponding to 
the volar radioulnar ligament and the other tightening the TFCC in zones 4 and 6 tightening the dorsal radioul-
nar ligament. 

To finalize the repair, a 2.5 mm knotless anchorage device is employed. This device consists of a biodegrad-
able screw with an eyelet for suture placement. A 2.2 mm bone tunnel is drilled horizontally into the ulnar 
metaphysis, 1 cm distal to the previously created ulnar tunnel, taking care to avoid damage to the dorsal sensory 
branch of the ulnar nerve. The sutures are threaded through the eyelet of the device, and the fixation system is 
inserted into the tunnel. After ensuring proper positioning, the device is impacted with a hammer, and the free 
suture ends are pulled to confirm secure anchorage.

The wrist is then placed in the traction tower, and the trampoline and hook tests are repeated to confirm sta-
bility (Figure 20). Full pronation and supination movements are performed under visualization to ensure the 
sutures remain secure. Finally, the wrist is removed from the traction tower, and the DRUJ is tested using the 
Nakamura test. Once stability is confirmed, the portals and ulnar incision are closed, and a Münster-type splint 
(sugar-tong splint) is applied. Figures 21 and 22 illustrate the bone and suture placements (Video). 
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Figure 20. Reinsertion of the dorsal and volar ligaments of the 
triangular fibrocartilage complex. Negative hook test. View from portal 
3-4.

Figure 21. Verifying the pin in bone zone 2.
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Postoperative Protocol
Seventy-two hours after surgery, the first dressing change is performed. The Münster-type splint is removed, 

a whale wrist brace is applied, and early mobility exercises are initiated under the guidance of a kinesiologist or 
occupational therapist.

The early mobility protocol includes: use of a nocturnal wrist brace for the first 3 weeks only; immediate initia-
tion of 70% pronation, with progressive increase to 100% by the third week; immediate initiation of full flexion-
extension (100%).

At the third week, the nocturnal wrist brace is discontinued, and strengthening exercises for the stabilizing ten-
dons of the distal radioulnar joint (DRUJ) are introduced. Progressive strengthening begins at 6 weeks, and sports 
activities, including paddle and racquet sports, are authorized after 2 months.

RESULTS
Fourteen consecutive patients were retrospectively evaluated with a follow-up ranging from 11 to 22 months 

(mean: 15 months). None of the patients dropped out of follow-up.
Range of motion was measured using a standard PVS handheld goniometer, yielding the following results: ex-

tension: 85°; flexion: 80°; radial deviation: 20°; ulnar deviation: 30°; pronation: 80°; supination: 75°
Grip strength was assessed at the third month of follow-up using a standard hydraulic joint dynamometer (Base-

line-Orthowell®). Comparative grip strength with the contralateral hand was 80% for both dominant and non-
dominant operated hands.

The mean DASH (Disabilities of the Arm, Shoulder, and Hand) score improved significantly, from 62 (range: 
41–90) preoperatively to 8 (range: 2–16) postoperatively. The Mayo Wrist Score (MWS) was excellent in 85% of 
cases and good in 15%.

All patients resumed their sports activities. The mean visual analog scale (VAS) score for pain decreased from 7 
preoperatively to 2 at the final follow-up.

Recovery was confirmed when the Nakamura, Ruby, and Derby tests were negative.

Figure 22. Verifying the suture areas in positions 1 and 3 (volar 
suture), and 4 and 6 (dorsal suture). 
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Postoperative MRI was performed in four patients (required by work insurance companies), and imaging spe-
cialists confirmed healed foveal insertions in all cases  (Figure 23).

Figure 23. Foveal healing of the triangular fibrocartilage complex with vertical bone tunnel and metaphyseal anchorage at the 
ulna is seen.

One complication occurred: breakage of the biodegradable screw during placement due to a 2 mm ulnar me-
taphyseal tunnel. This issue was resolved intraoperatively by widening the tunnel with a 2.2 mm drill and suc-
cessfully placing a new screw in the correct position.

DISCUSSION 
A retrospective study analyzed the surgical outcomes of 14 consecutive adult patients with deep foveal lesions 

of the Atzei 2/3 TFCC, treated using arthroscopic knotless anchorage. The results were rated good to excellent 
based on the Mayo Wrist Score (MWS), and significant improvements were observed in the postoperative DASH 
score compared to preoperative values.

The fibers of the radioulnar ligaments exhibit a spiral rotation as they insert into the fovea. This unique con-
figuration allows different portions of the ligaments to remain taut and functional across the full range of wrist 
motion, engaging specific bundles at varying joint angles. When the superficial fibers of the volar or dorsal radio-
ulnar ligament are tightened, the deep fibers relax, and vice versa.1

Numerous techniques for ligament reinsertion have been described, including harpoon placement in the fovea, 
reinsertion with monotunnels or bitunnels, and soft tissue anchorage with sutures.1,2,4-6

Reinsertion of the dorsal and volar radioulnar ligaments must be both anatomical—over the correct ulnar inser-
tion area—and isometric. Isometry, in this context, refers to the biomechanical principle of maintaining equal 
ligament length and tension across the widest possible range of motion.

Several alternatives have been published to solve this problematic situation. Although open surgery achieves 
good long-term outcomes, arthroscopic techniques offer several advantages, including complete evaluation of the 
lesion, reduced postoperative stiffness, minimal capsular damage, and the ability to address associated injuries.

Nakamura et al. introduced the outside-in technique using two separate tunnels for foveal lesions. In their study 
of 24 wrists with a mean follow-up of 3.5 years, MWS outcomes were excellent (54%), good (12%), satisfactory 
(16%), and poor (16%).7 Shinohara et al. reported on foveal repair using two tunnels and needles in 11 patients 
with a 30-month follow-up. They found grip strength recovery at 84%, with MWS outcomes being excellent 
(63%), good (27%), and poor (10%). However, 27% of patients experienced neuropraxia in the territory of the 
sensory branch of the ulnar nerve.4
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Ma et al. compared the biomechanical outcomes between open and arthroscopic repair in cadaveric models. 
They obtained better strength outcomes and lower ulnar translation in arthroscopic than in open repairs.3 Atzei 
and Luchetti treated 48 patients arthroscopically, using a foveal harpoon. They reported excellent to good MWS 
outcomes in 83% of cases, with 85% of patients returning to sports at their pre-injury level. Despite these positive 
results, the Nakamura test remained positive in 8% of cases. Patients achieved 95% of flexion-extension, 98% of 
pronation-supination, and 92% of grip strength, though 10% experienced ulnar sensory neuropathy.1

Jung et al. evaluated arthroscopic foveal repair using knotless anchorage in 42 patients with a mean follow-up 
of 26 months. Their MWS outcomes were excellent (12 cases), good (18 cases), fair (11 cases), and poor (1 case). 
Grip strength reached 69% of the contralateral side.5 Park et al. conducted a study on arthroscopic foveal repair of 
the TFCC using a single bone tunnel in 17 patients, with a follow-up of 30 months. Grip strength reached 57% of 
the unaffected side, and 83% of patients achieved excellent or good outcomes according to the MWS. The DASH 
score improved from 35.5 preoperatively to 9 postoperatively.6

In their cadaveric study, Matsumoto et al. identified the optimal positioning for transosseous tunneling and 
suture placement in the TFCC based on their impact on joint mobility. They divided the fovea into six zones and 
the TFCC into another six zones. Their findings showed that tunneling in zone 2 and suturing in any TFCC zone 
minimized suture mobility. Matsumoto emphasized the importance of creating a precise bone tunnel (Figures 
24-26).7 

Figure 24. Images of the Matsumoto zones. Foveal areas and areas of the triangular fibrocartilage complex.
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Figure 26. Image of foveal zone 2.

Figure 25. Coronal and axial images of the bone tunnel in zone 2.



Knotless Double-row Suture Anchor Repair of the TFCC

Rev Asoc Argent Ortop Traumatol 2024; 89 (6): 584-605 • ISSN 1852-7434 (online) 603

Table 3 presents the comparative outcomes of monotunnel fixation.

Table 3. Comparative outcomes of monotunnel fixation

Authors Technique Patients 
(n)

Follow-
up 

(months)

Grip 
strength 

(%)

DASH  MWS (good 
or excellent) 

(%)

Sensory 
neuropa-

thy 

Residual 
instability 

(n)

Jung et al. Knotless anchor, 
1 tunnel

42 26 70 - 71 - 2

Shinohara 
et al.

Anchoring 2 
tunnels with 

needle

11 30 - - 93 27 -

Atzei and 
Luchetti

Anchoring with 
harpoon

48 30 92 42 preop. 
20 postop.

83 - 2

Nakamura 
et al.

2 needle tunnels 24  42  - - 66 - -

Park et al. Knotless anchor, 
1 tunnel

17 30 57% 35 preop.7 
postop.

83 - -

Our series  Knotless 
bone anchor, 

1 tunnel

14 15 70 56 preop. 
8 postop.

100 16 0

MWS = Mayo Wrist Score; DASH = Disabilities of Arm, Shoulder and Hand score.

Okuda, in a study of 26 cadaveric specimens, analyzed the ligament insertion site within the fovea and its area of 
attachment. He described the foveal fibers as being widely and intricately interwoven at their insertion on the ulna. 
The TFCC insertion occupied an area of 34 mm with a diameter of 9 mm over the ulnar fovea. His findings high-
lighted a broad insertion area encompassing the bases of the dorsal and volar radioulnar ligaments of the TFCC. 8

This study aligns with the concept of a broad fixation of both ligament components to achieve isometric anchor-
age (Figure 27).8

Figure 27. Insertion zone of the triangular fibrocartilage complex in the fovea.
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Building upon Matsumoto and Okuda’s findings, the present research evaluated the functional outcomes of 
arthroscopic knotless foveal anchorage for Atzei 2/3 TFCC lesions. The technique used a monotunnel in zone 2, 
combined with TFCC sutures in zones 1 and 3 to anchor the volar radioulnar ligament, and zones 4 and 6 to an-
chor the dorsal radioulnar ligament. This approach optimizes tunnel positioning to minimize suture motion and 
ensures comprehensive TFCC anchorage across its insertion area while preserving the isometry of the dorsal 
and volar radioulnar ligament fibers. Anchoring ligament fibers distant from the ulna risks increasing ligament 
tension, potentially causing fiber damage or restricted joint mobility.

Biomechanical studies suggest that tunnel-based anchorage is superior to foveal harpoon anchorage. Placing 
the ulnar tunnel in zone 2, alongside sutures in the distal radioulnar ligament zones 1 and 3 (volar) and 4 and 6 
(dorsal), minimizes TFCC movement during healing and achieves comprehensive anchorage. This method rec-
reates the original ligament insertion on the ulnar fovea, maintaining ligament length and tension. This isometric 
anchorage supports proper anatomical and biological healing, enabling early rehabilitation with minimal suture 
movement during recovery phases, fostering the anatomical repair of the foveal ligaments.

This study achieved outcomes comparable to those of previous authors, despite a shorter follow-up period. 
Additionally, the patients exhibited greater grip strength than reported in most prior studies, and all returned to 
sports.

Advances in technology and biomechanical studies confirm that the stability of the TFCC and the distal ra-
dioulnar joint (DRUJ) primarily depends on its foveal fibers. The key objective is to restore a stable, pain-free, 
and functional DRUJ.1-3,5

Other authors have reported complications such as ulnar paresthesia and reinterventions due to pain or insta-
bility. In this series, no such complications were observed. One biodegradable screw fractured during placement 
in a 2-mm ulnar metaphyseal tunnel, which was resolved intraoperatively by enlarging the tunnel to 2.2 mm and 
placing a new screw. Another case involved creating a dorsal cortical ulnar metaphyseal tunnel, which failed 
to ensure linear suture traction. A new tunnel, located 1 cm distal to the original, was created centrally in the 
metaphysis, achieving proper screw placement. This required extending the ulnar incision by 2 cm.

Other than these, no additional complications occurred. However, it is crucial to acknowledge the need for a 
learning curve to perform this or similar techniques. In other arthroscopic series, complications such as ulnar 
nerve neuropraxia, central articular disc rupture, ulnar fractures, malposition of cubital tunnels, and suture ten-
sion loss have been reported.

The strengths of this study include the homogeneous patient population, the consistent follow-up, and the 
use of a single surgeon employing a standardized method. Limitations include its retrospective nature and the 
absence of arthroscopic reevaluation to confirm long-term repair quality.

CONCLUSIONS
Arthroscopic repair of Atzei 2/3 lesions using isometric, monotunnel, knotless bone anchorage yields favor-

able functional outcomes. It enables foveal ligament anchorage at its anatomical insertion, improving range of 
motion, reducing pain, and restoring stability to the DRUJ.

Based on our results, it is possible to conclude that isometric repair using the monotunnel anchor technique 
with arthroscopic assistance offers good functional outcomes in the repair of TFCC Atzei 2/3 lesions.

A. D. Ledesma ORCID ID: https://orcid.org/0009-0000-2519-7127
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ABSTRACT

Objectives: To describe an arthroscopic technique for treating distal radioulnar joint (DRUJ) osteoarthritis involving the inter-

position of a woven polyester cylinder and the palmaris longus, and to present preliminary results. Materials and Methods: A 

retrospective analysis was conducted on five patients with DRUJ osteoarthritis, classified clinically and confirmed by arthroscopy. 

The patients underwent treatment using the author’s “glider” interposition technique. The average follow-up period was 11 months. 

Outcomes were evaluated using range of motion (ROM), grip strength, the Mayo Wrist Score, and the Disabilities of the Arm, 

Shoulder, and Hand (DASH) questionnaire. Results: The study included five patients (four with secondary osteoarthritis and one 

with primary osteoarthritis). Pain and grip strength showed improvement. The average ROM post-surgery was: 75° pronation, 70° 

supination, 80° extension, and 70° flexion. According to the Mayo Wrist Score, results were excellent in 83% of cases and good in 

17%, with no poor outcomes. The average DASH score improved from 56 preoperatively to 20 postoperatively. Grip strength com-

pared to the contralateral side averaged 70%. Conclusions: The arthroscopic glider interposition technique shows promise as a 

minimally invasive alternative to current joint salvage procedures. This approach preserves soft tissue structures, is reproducible, 

stabilizes the DRUJ, and prevents proximal radioulnar impingement.

Keywords: osteoarthritis; arthroscopy; interposition; distal radioulnar joint.

Level of Evidence: IV

Interposición ósea en parapente para la artrosis radiocubital distal: resultados preliminares

Resumen

Objetivos: Presentar una técnica artroscópica para el tratamiento de la artrosis radiocubital distal que consiste en la interposición 

de un cilindro de poliéster tejido y de palmar menor, y los resultados preliminares. Materiales y Métodos: Se analizaron, en forma 

retrospectiva, los resultados de esta técnica en 5 pacientes con artrosis radiocubital distal clasificada clínicamente y por vía ar-

troscópica, en un seguimiento promedio de 11 meses. Todas las lesiones se repararon por vía artroscópica mediante una técnica 

de autor denominada técnica de interposición en parapente. Se evaluaron los rangos de movilidad, la fuerza de agarre con el 

Mayo Wrist Score y el cuestionario DASH. Resultados: Se incluyó a 5 pacientes (4 artrosis secundarias y 1 artrosis primaria). Los 

resultados de las pruebas de dolor y fuerza mejoraron. El rango de movilidad promedio fue: 75° de pronación, 70° de supinación, 

80° de extensión y 70° de flexión. Los resultados, según el Mayo Wrist Score, fueron excelentes (83%) y buenos (17%), no hubo 

resultados malos. El puntaje promedio del cuestionario DASH era 56 antes de la cirugía y 20 en el posoperatorio. El promedio de 

la fuerza comparativa contralateral fue del 70%. Conclusiones: La técnica de interposición artroscópica en parapente propone 

ser una alternativa a las técnicas de salvataje articular utilizadas hoy, ya que es mínimamente invasiva, conserva estructuras de 

las partes blandas, es reproducible, permite la estabilización de la articulación radiocubital distal y evita el pinzamiento radiocubital 

proximal.  

Palabras clave: Artrosis; artroscopia; interposición; articulación radiocubital distal. 

Nivel de Evidencia: IV
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INTRODUCTION
The distal radioulnar joint (DRUJ) is a trochlear joint involved in forearm pronation and is essential for daily 

activities requiring elbow flexion with the forearm in intermediate pronation. In this position, the ulnar head acts 
as a fulcrum against the radial sigmoid notch, absorbing loads from the hand, carpus, and forearm.1-8 The DRUJ 
exhibits four anatomical variants of the radial sigmoid notch in the transverse plane: flat, C-shaped, S-shaped, and 
ski slope. Additionally, it presents three anatomical variants in the horizontal plane: parallel, oblique, and reverse 
oblique.1,2,9

The ulnar head has two distinct angulations contributing to the DRUJ: the distal articular angle and the radial 
angle.9  The oblique surface of the radius and the increased inclination of the radial angle are associated with the 
DRUJ, providing a larger contact area with higher pressure.9-11 

Osteoarthritis of the DRUJ can be primary or secondary to poorly consolidated radius fractures, tumors, Mad-
elung’s deformity, rheumatoid arthritis, infections, or fracture-dislocations. Atzei developed an arthroscopic clas-
sification of triangular fibrocartilage complex (TFCC) lesions, which includes DRUJ osteoarthritis as the most 
severe stage (Table). 

Table. Atzei classification for ulnar injuries of the triangular fibrocartilage complex based on their stability, 
ligamentous structures, potential for repair, and suggested treatment.

Type DRU
Inestability

Appearance 
of the distal 

TFCC

Appearance of 
the proximal 

TFCC

TFCC repair 
potential

Appearance 
of the DRU 

cartilage

Suggested 
treatment

1 Mild/No Broken Intact Good Good Capsule repair

2 Moderate/
Severe

Broken Broken Good Good Foveal repair 

3 Moderate/
Severe

Intacto Broken Good Good Foveal repair

4 Severe Broken Broken Poor Good Graft reconstruction

5 Moderate/
Severe

Variable Variable Variable Poor Artroplasty or 
salvage

DRUJ = distal radioulnar joint; TFCC = triangular fibrocartilage complex.
Taken from: Sala M, Daroda S. Results of the Knotless Arthroscopic Foveal
Anchorage of the Triangular Fibrocartilage Complex in Atzei 2/3 Lesions. Rev Asoc Argent Ortop Traumatol 2021;86(5):581-594. https://doi.org/10.15417/
issn.1852-7434.2021.86.5.1374

Osteoarthritis of the DRUJ leads to pain, loss of strength, and functional limitations that affect quality of life by 
restricting painful pronation. This condition may also coexist with ulnar impaction syndrome.1-5,12

Historically, DRUJ osteoarthritis has been treated with resection or fusion of the distal ulna. These are ablative 
procedures that do not restore biomechanics but are widely accepted, albeit with variable outcomes. They relieve 
pain and improve mobility; however, radioulnar impingement is a common complication.1-7 These procedures 
include the Darrach, Bowers, and Sauvé-Kapandji techniques, among others. While the Darrach and Sauvé-
Kapandji procedures are effective in managing this condition, they often result in a proximal ulnar stump with 
dynamic instability.1-4

Partial and total arthroplasties of the DRUJ are not available in Argentina and thus are not a viable option in 
our country.

The advancement of arthroscopy has enabled many open procedures to be performed arthroscopically, mini-
mizing soft tissue damage. Building on the concepts of Bowers’ open technique, we developed an arthroscopic 
DRUJ interposition technique combined with ulnar osteotomy and joint stabilization. This involves an oblique 
subtraction osteotomy of the ulna and anchoring a woven polyester cylinder in the radial sigmoid notch, with a 
palmaris longus tendon graft inside. The woven polyester cylinder, an inert prosthetic material commonly used 
in vascular surgery, generates minimal fibrosis, allowing adequate joint mobility without adhesions or excessive 
fibrosis.
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We termed this technique “glider interposition” because the insertion of the graft into the joint, along with the 
sutures, resembles a paragliding wing with its harness. This technique facilitates DRUJ interposition with joint 
stabilization through the tendon graft.

The objective of this study was to evaluate the preliminary outcomes of the glider arthroscopic interposition 
technique for managing DRUJ osteoarthritis, focusing on achieving pain-free mobility and joint stability.

MATERIALS AND METHODS 
A retrospective study was conducted to analyze surgical outcomes in five consecutive adult patients with DRUJ 

osteoarthritis who underwent surgery between June 1, 2021, and June 1, 2023.
Inclusion criteria were: Age >18 years, no history of prior osteoarthritis surgery or wrist arthroscopy, pain con-

sistent with DRUJ osteoarthritis that limited daily activities, sports, or work, positive Nakamura and screwdriver 
tests, Atzei stage 5 lesions confirmed by radiography, MRI, and arthroscopy, and a minimum postoperative follow-
up of 6 months.

The exclusion criterion was history of DRUJ surgery or wrist arthroscopy.
The study included five patients (three women and two men; four dominant hands and one non-dominant hand) 

with DRUJ osteoarthritis.
Wrist range of motion in flexion, extension, ulnar deviation, and radial deviation was measured using a stan-

dard PVS hand goniometer, while grip strength was assessed with a standard hydraulic dynamometer (Baseline-
Orthowell®).2

Subjective evaluation included the Visual Analog Scale (VAS) for pain, the Mayo Clinic Wrist Score (MWS), 
and the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire.1,2

The treatment protocol was as follows: During the first consultation for wrist pain attributed to DRUJ osteoar-
thritis, anamnesis was performed to identify the initial trauma or degenerative mechanism, followed by a clinical 
examination. The Nakamura test and screwdriver test were performed, and an AP wrist radiograph was obtained 
(Figure 1). 

Figure 1. Wrist radiograph, AP view, showing distal radioulnar 
osteoarthritis.  
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The screwdriver test simulates a handshake, during which the examiner passively moves the forearm into full 
pronation and supination. A positive test elicits pain or a mechanical block that halts the movement (Figure 3).10  If 
these tests were positive, an MRI was performed to assess TFCC soft tissue integrity.

The Nakamura test involves the patient resting their elbow on a desk while the examiner stabilizes the radius 
with one hand and performs volar and dorsal translations in pronation, supination, and neutral positions (Figure 
2).10  

Figure 2. Nakamura maneuver.

Figure 3. Screwdriver test in pronation and supination.
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Figure 4. Woven polyester cylinder with the palmaris longus sutured at its ends, inside the cylinder. 

Patients with confirmed diagnoses underwent glider interposition arthroplasty via arthroscopy.

Surgical Technique
The glider interposition technique with DRUJ stabilization involves performing an oblique subtraction osteoto-

my of the ulnar head in its articular segment and reaming the sigmoid cavity of the radius. This is combined with 
the radial anchoring of a woven polyester cylinder containing a palmaris longus graft. The palmaris longus graft is 
intended to extend into the distal ulna to enhance DRUJ stability (Figure 4).

The goal of this technique is to alleviate DRUJ friction pain associated with increased joint mobility by promot-
ing interpositional fibrosis between the radius and ulna while stabilizing the DRUJ.

Step-by-Step Surgical Technique
Plexus block anesthesia is administered, and an ischemia-preventive cuff is placed at 250 mmHg. Portals 3-4, 

6R, and the distal dorsal portal distal to the DRUJ joint (dd-DRUJ) are used. For this technique, routine midcarpal 
portals are not utilized.

The radiocarpal joint is accessed via portal 3-4, with instrumentation through portal 6R. The TFCC is examined, 
revealing chronic lesions with ligament retractions. These remnants are excised.

Optics are positioned through the dd-DRUJ portal, and work is performed through portal 6R. The DRUJ joint is 
inspected, and pronosupination is performed to evaluate the congruency of the radius over the ulnar head. DRUJ 
osteoarthritis is confirmed at this stage (Figure 5, Scheme 1).

A 3 cm incision is made on the ulna, beginning 1.5 cm distal to the ulnar styloid for guidewire placement. The 
ulnar approach is carefully dissected to avoid injury to the ulnar sensory branch.



“Glider” Bone Interposition

Rev Asoc Argent Ortop Traumatol 2024; 89 (6): 606-625 • ISSN 1852-7434 (online) 611

Figure 5. Radio-ulnar osteoarthritis is seen through the distal dorsal portal of the distal radioulnar joint.

Scheme 1. Debridement of ligamentous debris and the distal radioulnar joint.

The guide, which is located 1.5 cm from the ulnar styloid, has a 45° inclination with a hole to place the pin. It is 
necessary to respect the inclination and the distance to exit in the right area, in the ulna.

After proper positioning of the guide, a pin is inserted through it and the ulnar tunnel is created. The pin pen-
etrates the ulna and exits through the metaphysis of the osteotomy performed.

The next step is the reaming of the bone tunnel with a 3.5 mm guide, which is performed using a drill stop so 
as not to damage the sensory branch of the ulnar nerve. It is reamed from the ulnar cortex toward the DRUJ joint. 
This ulnar hole is created for the passage of the ends of the palmaris longus (Figure 6).
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The glider technique begins with a wide resection of the TFCC articular disc and an oblique subtraction oste-
otomy from ulnar to radial, and dorsal and volar of the ulnar head. It is performed with visualization through portal 
3-4 and working through portal 6R. 

The osteotomy will be approximately 4 to 6 mm according to demand, until an adequate space of the lesser sig-
moid cavity is obtained (Figure 7, Scheme 2).

Figure 6. Placement of the pin and wick through the ulna. 
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It is important to verify that the ulna is not dislocated in chronic injuries; if there is a dislocation, before oste-
otomy, the ulna must be reduced over the sigmoid cavity of the radius and fixed to the reduced radius by means of 
a metaphyseal pin from ulna to radius. 

After the osteotomy, the probe is placed through the dd-DRUJ portal and, through the 6R portal, a reamer is 
placed oriented to the lesser sigmoid cavity to regularize it with excision of the cartilage remnants leaving a C-
shaped cavity to achieve greater containment (Figure 8). At this point, pronosupination is performed to evaluate 
the joint with the probe through the dd-DRUJ portal and confirm that the ulnar osteotomy is adequate. If bony 
debris remains, the ulna is reamed to regularize the surface. Intraoperative fluoroscopy confirms that osteotomy is 
correct (Scheme 3).

Figure 7. Images of ulnar osteotomy.

Scheme 2. Oblique osteotomy of the ulna.	
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Scheme 3. Reaming of the lesser sigmoid cavity through the 6R portal.

Figure 8. Ulnar reaming.

Next, the width and length of the space created in the joint (Figure 9) are measured using the probe through por-
tal 3-4 and through portal 6R. Having the measurements of the space created, the custom woven polyester cylinder 
is designed. In general, it is 4 mm long.

A 6U portal is created. Two suture retrievers are passed through the ulnar incision into the ulnar tunnel and out 
through the DRUJ joint. One suture is retrieved via portal 6R and the other via the 6U portal (Scheme 4). 



“Glider” Bone Interposition

Rev Asoc Argent Ortop Traumatol 2024; 89 (6): 606-625 • ISSN 1852-7434 (online) 615

Figure 9. Space for graft placement.

Scheme 4. Suture retrievers passing through the ulnar tunnel.



616

J. M. Sala, A. D. Ledesma

Rev Asoc Argent Ortop Traumatol 2024; 89 (6): 606-625 • ISSN 1852-7434 (online)

Two harpoons are then placed toward the sigmoid cavity. These two harpoons are placed slightly obliquely at 
approximately 5 mm from the radiocarpal joint. We use harpoons with needles 2.2 mm wide and 8 mm long. One 
harpoon is introduced through portal 6R and the other through portal 6U to obtain a good angle of placement 
(Figure 10, Scheme 5). 

Figure 10. Placement of harpoons.
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The next step is the assembly of the woven polyester cylinder with the palmaris longus tendon inside. The tendon 
remains inside the cylinder with its ends even in length on both sides, with Krackow sutures at both ends of the 
tendon (Figure 11). 

Scheme 5. Placement of two harpoons in the lesser sigmoid cavity.

Figure 11. Graft prepared for entry through portal 6R.
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Then the 4 threads of the harpoons are removed through the 6R portal and the threads of the harpoons are sutured 
to the cylinder and tendon graft. They are sutured taking part of the cylinder and the superior and inferior tendon 
in a symmetrical way. With the aid of the feeler, the cylinder and graft are entered through the 6R portal into the 
DRUJ joint and rested over the sigmoid cavity of the radius. At this point, the graft is held inside the joint with a 
feeler and the 4 wires are tensioned (Figure 12, Scheme 6).  

Scheme 6. Entry of the graft through portal 6R.

Figure 12. Woven polyester cylinder with the tendon inside the joint.
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The volar strand is retrieved from the palmaris longus through the 6U portal and placed into the suture retriever. 
It is pulled from the proximal end of the suture retriever and the graft strand is passed through the ulnar tunnel. The 
procedure is repeated with the palmaris longus strand left through portal 6R. This is passed through the suture re-
triever outside the 6R portal and the retriever is pulled through the ulnar tunnel obtaining the passage of the dorsal 
strand of the graft. Two sliding knots are then tied with the harpoon sutures to fix the cylinder to the lesser sigmoid 
cavity. The threads are slid by means of a wrist knot through the 6R portal (Figure 13, Scheme 7).

Scheme 7. Graft fixation by means of anchorage with sliding knots by 6R and 6U portals.

Figure 13. Fixation of the polyester cylinder by means of arthroscopic knots.
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Correct placement and anchorage of the graft is verified by full pronosupination by traction with the proximal-
to-distal probe to check the tension of the graft (Figure 14).

Figure 14. Fixed polyester cylinder at the distal radioulnar joint with the two tendon strands entering the ulna. 

If the graft is taut, the excess threads are cut with arthroscopy scissors. 
To finalize the technique, both strands of the graft previously passed through the ulnar tunnel are tensioned 

from the ends of their threads and fixed to the ulnar metaphysis with a knotless anchor. This step is performed 
with an impacted 2.5 mm knotless anchor device, which consists of a biodegradable screw inside a shaft with 
an eyelet at the end. The 4 ends of the sutures of the tendon strands are placed inside the eyelet of the fixation 
system. A 2.2 mm bone tunnel is created using a drill guide to avoid damage to the dorsal sensory branch of the 
ulnar nerve. This hole is made horizontally on the ulnar metaphysis 1 cm below the previously created ulnar tun-
nel (Scheme  8).
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The traction exerted on the wrist is removed and the fixation device with the sutures inside it is introduced, tight-
ening the 4 ends of the sutures and impacting with a hammer. The shaft of the device is removed and the free ends 
of the sutures are pulled to make sure that the screw has been inserted correctly.

Finally, the wrist is placed in traction again and the stability and pronation of the joint are evaluated after fixed 
glider interposition. (Figure 15) (Video).

Scheme 8. Final fixation of the graft in the ulnar metaphysis by means of a knotless anchor.
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Figure 16 shows the preoperative and postoperative radiographs of one patient and Figure 17 shows preoperative 
and postoperative images of another case in the series. 

Figure 15. Fixation of the polyester cylinder with both strands entering the ulna stabilizing the distal radioulnar joint.

Figure 16. Wrist radiographs, AP view. A. Preoperative. B. Postoperative. 
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After the operation, the portals are closed with simple sutures, and a sugar-tong splint is applied for three weeks. 
Rehabilitation begins thereafter with the hand therapy team.

RESULTS
Five patients were evaluated retrospectively with follow-up periods ranging from 6 to 19 months (mean: 11 months). 

Four patients had osteoarthritis secondary to fractures, while one patient presented with primary osteoarthritis.
In all cases, the time between injury and surgery exceeded one year. Wrist arcs of motion were measured using 

a standard PVS hand goniometer, with the following results: 75° of pronation, 70° of supination, 80° of extension, 
and 70° of flexion.

Grip strength was assessed using a standard hydraulic dynamometer (Baseline-Orthowell®), revealing that pa-
tients achieved 70% of the grip strength of their contralateral hands. The mean DASH (Disabilities of the Arm, 
Shoulder, and Hand) questionnaire score improved from 56 preoperatively to 20 postoperatively. On the Mayo 
Wrist Score (MWS) scale, outcomes were rated as excellent in 83% of cases and good in 17%; no poor outcomes 
were observed. The visual analog scale (VAS) for pain decreased from 8 points before surgery to 3 points at the 
final follow-up. Screwdriver and Nakamura tests were negative in all patients.

No cases of infection, nerve paresthesia, or scarring complications were reported in the study population.
One complication occurred: a fracture of the ulnar styloid was identified in one patient through postoperative 

radiography. This fracture progressed to pseudoarthrosis but did not result in pain or functional impairments.

DISCUSSION
A retrospective study was conducted to analyze the surgical outcomes in five consecutive adult patients with 

DRUJ osteoarthritis treated using the glider arthroscopic interposition surgical technique. Good and excellent out-
comes were achieved according to the MWS scale, with DASH scores improving postoperatively.

DRUJ osteoarthritis can arise from morphological or biomechanical changes. Certain morphological character-
istics may predispose this joint to osteoarthritis. In wrists with a proximally oriented sigmoid notch, degenerative 
changes are more likely to develop in the DRUJ joint than in the ulnocarpal joint. Ulnar head morphology has been 
identified as the most statistically significant factor influencing the development of degenerative changes in the 
DRUJ. Bade et al. reported that the angle between the two facet joints of the ulnar head affects force transmission 
through the DRUJ. Greater inclination of the radial articular surface over the ulnar head increases force transmis-
sion.13,14

Figure 17. Wrist radiographs, AP view. A. Preoperative. B. Postoperative.
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Several surgical options have been proposed for treating DRUJ osteoarthritis. The Darrach procedure is rela-
tively simple but results in an unstable joint with reduced strength, ulnar translocation, radioulnar impingement, 
and extensor tendon rupture. It is generally suitable only for elderly patients with low functional demands.6-8

In 2019, we described the Darrach technique performed arthroscopically, which resulted in complications 
similar to those of the open technique.15

The Sauvé-Kapandji procedure is another option for DRUJ osteoarthritis, particularly in young, active patients 
with TFCC tears but without instability. It restores wrist mobility, stability, and grip strength, although it carries 
complications similar to those of the Darrach technique.6-8,15

In 2021, we presented case reports on the Sauvé-Kapandji technique performed arthroscopically. While the 
results were superior to the open approach, radioulnar impingement remained a complication.16

Ulnar and DRUJ prostheses are not available in our country and are therefore excluded from this discussion.6-8

DRUJ joint interposition techniques, such as the Bowers technique, preserve the soft tissue stabilizers around 
the DRUJ. These techniques use tendon interposition to maintain radioulnar separation and have shown favorable 
outcomes in preventing DRUJ impingement.17

Nawijn et al. evaluated 31 patients who underwent open Bowers interposition with an average follow-up of 
three years. The patients reported satisfaction with the technique.18

Similarly, Schober et al. studied 24 patients treated with the open Bowers technique between 1992 and 1997. 
They found improvements in mobility, strength, and pain scores, with good functional outcomes, although some 
patients experienced pain due to TFCC instability.19 

The glider interposition surgical technique combines pain relief via ulnar osteotomy and DRUJ stabilization 
with a graft in a single procedure.

One advantage of this technique over the Bowers technique is its ability to stabilize the DRUJ joint through a 
graft with metaphyseal fixation in the ulna, achieving three objectives: pain relief, increased mobility, and joint 
stability.

Pillukat evaluated hemiresection interposition arthroplasty of the DRUJ and reported significant pain reduc-
tion, improved gross strength, and increased range of motion when preoperative turning motion was restricted. 
Although ulnar end instability may persist, it typically causes only minor symptoms. Patient satisfaction and 
functional outcomes were good.19   Our series yielded similar results despite the small sample size and short 
follow-up period.

As demonstrated in most soft tissue interposition studies, these techniques provide pain relief without the com-
plications of proximal radioulnar impingement but may result in some degree of DRUJ instability. 

The strength of the glider technique lies in its minimally invasive, arthroscopic approach, which avoids opening 
the dorsal capsule. It provides pain relief through ulnar osteotomy, incorporates interposition for separation, and 
restores DRUJ stability via a tendon graft.

However, this technique requires a learning curve in arthroscopic surgery and involves high costs due to the 
fixation and interposition materials. Additionally, a limitation of this study is the small sample size and short 
follow-up duration.

CONCLUSIONS
The glider arthroscopic interposition technique offers an alternative to current joint salvage procedures. It is 

minimally invasive, preserves soft tissue structures, is reproducible, relieves DRUJ pain, and provides additional 
joint stability, resulting in acceptable mobility and good functional outcomes. An added advantage is its ability to 
avoid the proximal radioulnar impingement often seen with other salvage techniques.
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ABSTRACT
Partial Articular Surface Tendon Avulsion (PASTA) lesions are among the most common types of partial rotator cuff injuries. This 
case report examines a 30-year-old patient with high functional demands who was diagnosed with a PASTA lesion. The patient 
presented with pain and dysfunction, as assessed by functional scales. A conservative treatment plan was implemented, including 
medication and a physiotherapy regimen adapted to the patient’s progress. Clinical follow-up and serial imaging with magnetic 
resonance imaging (MRI) were performed over a six-year period. The evolution of the lesion showed no progression, and signifi-
cant functional improvement was documented. A review of the literature and this case’s outcomes underscore the potential for con-
servative management in treating PASTA lesions. This case highlights the need for further research comparing the effectiveness 
of conservative and surgical interventions.
Keywords: Rotator cuff tear; conservative treatment; PASTA lesion; case report.
Level of Evidence: IV

Tratamiento conservador de una lesión PASTA (partial articular supraspinatus tendon avulsion) en una pa-
ciente con alta demanda funcional. Presentación de un caso con un seguimiento de 6 años

RESUMEN
Las lesiones PASTA son una de las lesiones parciales del manguito rotador más comunes. Se presenta a una paciente de 30 años 
con alta demanda funcional, que tenía dolor y disfunción según las escalas funcionales, a quien se le diagnosticó una lesión PAS-
TA. Se optó por un tratamiento conservador, que incluyó medicación y fisioterapia adaptada a la evolución, con controles clínicos 
y por imágenes durante 6 años. La evolución del tratamiento conservador, monitoreado por resonancia magnética seriada, mostró 
que la lesión no progresó y la función mejoró significativamente. Este caso resalta la necesidad de realizar más investigaciones 
que comparen las intervenciones conservadoras y las quirúrgicas.
Palabras clave: Lesión del manguito rotador; tratamiento conservador; lesión PASTA. 
Nivel de Evidencia: IV

INTRODUCTION
Partial rotator cuff injuries have an incidence ranging from 17% to 37% in the general population, with a higher 

prevalence of up to 80% in individuals in their eighth decade of life.1,2 These injuries are a common cause of shoul-
der pain and functional limitations in daily activities.3
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Partial lesions can be classified using the Ellman system,4 which categorizes them based on their location 
(articular, bursal, or intratendinous) and the degree of tendon involvement (Grade I: <3 mm, Grade II: 3–6 mm, 
Grade III: >6 mm). Snyder proposed a similar grading system, incorporating lesion location (A = articular sur-
face, B = bursal surface, C = complete) and arthroscopic visualization (Grades 0–4).5

Among these, PASTA (partial articular supraspinatus tendon avulsion) injuries are particularly noteworthy, 
comprising up to 91% of all partial rotator cuff injuries.6 This type of lesion results from a combination of in-
trinsic, extrinsic, and traumatic factors. Intrinsic factors include changes in the vascularity of the rotator cuff 
and metabolic alterations associated with aging, which have been extensively studied.7 Extrinsic factors en-
compass shear stresses on the supraspinatus tendon caused by narrowing of the coracoacromial arch, repetitive 
microtrauma (especially linked to overhead activities), and internal impingement.6 These injuries are commonly 
observed in athletes who engage in throwing sports, such as volleyball players and baseball pitchers.8

The natural progression of PASTA lesions remains unclear, but spontaneous resolution of partial rotator cuff 
injuries is considered unlikely,6 53% of PASTA lesions tend to progress in size over time, often necessitating 
surgical intervention. 3,9

In this context, we present a rare case of complete healing of a PASTA lesion managed conservatively, with 
a 6-year follow-up (2018–2024). Clinical evaluations and periodic assessments with serial MRIs, performed 
every three years, demonstrated improved functional scale scores and satisfactory healing on imaging. To our 
knowledge, no previously published case has documented such long-term follow-up with periodic MRIs every 
three years under conservative management.

CLINICAL CASE
A 25-year-old right-handed woman with a body mass index of 21, a regular volleyball player (three times 

per week), presented with pain and functional limitation in her right shoulder, preventing her from performing 
overhead movements. On the initial physical examination (2018), the patient demonstrated active and passive 
range of motion in the right shoulder, with 180° elevation, 100° external rotation, and internal rotation reaching 
T12. Mild signs of ligamentous hyperlaxity were noted, confirmed by a positive sulcus test. Neer and Hawkins 
impingement tests, as well as the supraspinatus strength test (Jobe), were positive. MRI of the right shoulder 
(Figures 1 and 2) revealed a partial articular tear of the supraspinatus tendon.

Based on clinical and imaging findings, a diagnosis of a PASTA lesion of the right rotator cuff was made. In 
collaboration with the patient, conservative management was chosen. Initially, with the aim of reducing inflam-
matory and painful symptoms, non-steroidal anti-inflammatory drugs and physiotherapy focusing on posterior 
capsule stretching were prescribed. The patient was also instructed to perform daily home exercises. After four 
weeks, once the inflammatory stage had subsided, physiotherapy transitioned to a strengthening phase targeting 
the pectoralis, latissimus dorsi, trapezius, and particularly the serratus anterior muscles.

Figure 1. MRI of the right shoulder, coronal section, in T2 sequence. 

A B CEnero, 2018 Mayo, 2021 Enero, 2024
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During the entire treatment period, the patient was monitored in outpatient settings using two functional scales: 
ASES (American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form)10  (Figure 3) and SANE 
- (Single Alpha Numeric Evaluation)11 (Figure 4). 

Figure 3. Evolution of the ASES score over the 6 years of follow-up.
ASES = American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form.

Figure 2. Magnetic resonance imaging of the right shoulder, sagittal view, T2 sequence. 
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In addition to clinical evaluations, serial MRIs were performed at three-year intervals (January 2018, May 
2021, and January 2024) (Figures 1 and 2), showing progressive clinical and radiological improvement.

After 12 months, pain and range of motion had significantly improved, allowing a gradual return to sports. 
Weight training for muscle strengthening was continued.

At the third year of follow-up (2021), the SANE score reached 80, and the ASES score was 79.9, indicating 
substantial functional improvement. MRI (Figures 1 and 2) showed almost complete tissue repair compared to 
the initial study.

The patient returned in March 2024 for re-evaluation and reported being pain-free, participating in recreation-
al volleyball twice a week without functional limitations. Clinical examination revealed full active and passive 
range of motion, with negative Neer, Hawkins, and Jobe tests. The SANE score increased to 85. MRI (Figures 
1 and 2) confirmed stabilization of the lesion and satisfactory healing.

DISCUSSION
Partial rotator cuff injuries are a common cause of shoulder pain, limitations in daily activities, and absences 

from work.8 Despite progress in understanding the pathophysiology of PASTA rotator cuff injuries, their exact 
mechanisms remain elusive. These injuries commonly occur at the junction of the tendon fibers of the supraspi-
natus and infraspinatus muscles.1,12

Scientific studies have demonstrated a greater prevalence and size of blood vessels in the bursal region of the 
rotator cuff compared to the articular surface, which is described as a relatively hypovascularized area.13,14 His-
tological analyses also indicate that collagen fibers in the articular surface are thinner and less organized than 
those in the bursal region.14 These findings support the hypothesis that the articular surface is only about half 
as robust as the bursal surface.15 This evidence explains the higher prevalence of PASTA lesions (91%) among 
partial rotator cuff injuries.6

Figure 4. Evolution of the SANE score over the 6 years of follow-up.
SANE = Single Alpha Numeric Evaluation.
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According to Sher et al., diagnosing PASTA lesions clinically can be challenging due to the possibility of 
asymptomatic cases.12 Pain is typically elicited during resisted abduction with the shoulder positioned at 90° of 
abduction, aligned with the scapular plane, and in internal or external rotation. For identifying supraspinatus 
tendon injuries, Itoi et al. recommend using the Jobe maneuver.16 Positive results may also be observed with 
impingement tests, such as those described by Neer and Hawkins.17

Various imaging modalities are used to evaluate these injuries. Ultrasonography is a cost-effective and ac-
curate diagnostic tool, but magnetic resonance imaging (MRI) remains the most sensitive imaging method for 
diagnosing partial rotator cuff injuries.4,12

Ellman and Snyder et al. proposed the two most widely used classifications for PASTA lesions; however, both 
focus exclusively on quantifying ruptures in the coronal plane on MRI.4,5 Tennent and Green argue that the lack 
of a comprehensive classification system for these lesions contributes to ongoing uncertainty regarding their 
optimal management.18

The therapeutic approach to PASTA lesions is still controversial. Most surgeons agree that treatment should 
be tailored to the lesion’s severity and stage, with initial management typically being conservative. Surgical re-
pair is generally indicated for symptomatic patients when more than 50% of the supraspinatus tendon thickness 
is involved (Grade III according to Ellman or Snyder).9,18

To date, no studies have been published describing the natural course of PASTA lesions or techniques to 
identify which lesions are most likely to progress with conservative treatment.18 Ji et al. reported that 53% of 
partial lesions tend to enlarge over time, eventually requiring surgical intervention.3 Similarly, Yamanaka et al. 
found that 80% of partial lesions treated conservatively progressed to full-thickness tears in a follow-up study 
with arteriography.19 These findings highlight the rarity of the case presented in this report: complete healing of 
a PASTA lesion achieved through conservative treatment, confirmed clinically and radiologically. The conserva-
tive treatment in this case consisted of an initial phase focusing on rest, cessation of pain-inducing movements, 
non-steroidal anti-inflammatory drugs, and joint mobilization physiotherapy to reduce pain, protect the muscle, 
and restore range of motion. Subsequently, the treatment progressed to physiotherapy aimed at strengthening 
the stabilizing muscles of the scapula and rotator cuff.

Reports of conservative treatment for PASTA lesions are scarce in the literature. To our knowledge, no previ-
ous case has documented such a prolonged follow-up with serial MRI evaluations every three years. This report, 
along with a brief literature review, may serve as a basis for future comparative clinical trials to evaluate surgical 
and conservative management strategies.

CONCLUSIONS
This article aimed to provide a concise literature review and document the evolution of a conservatively 

managed PASTA lesion. A 6-year follow-up with serial MRI demonstrated that the lesion did not progress, and 
the functional outcomes were satisfactory. Although conservative treatment is not extensively discussed in the 
literature, this case underscores the need for prospective research to compare the advantages and disadvantages 
of conservative and surgical approaches.
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ABSTRACT
Pronator teres syndrome (PTS) is a condition involving entrapment of the median nerve as it passes between the muscular bellies 
of the pronator teres muscle. It is a rare condition, often misdiagnosed as other compressive neuropathies of the upper limb. We 
present a rare case of PTS associated with ulnar nerve compression at the elbow and median nerve compression at the wrist. 
Electrophysiological studies revealed entrapment of the median nerve at the wrist and ulnar neuropathy at the elbow. Dynamic 
ultrasound of the forearm confirmed morphological changes in the median nerve as it traversed the pronator teres muscle. The 
patient showed significant improvement following corticosteroid treatment, rehabilitation, and functional readaptation techniques. 
Conclusions: PTS should be considered in patients presenting with sensory disturbances in the forearm and wrist. Differentiat-
ing it from other compressive neuropathies is critical, as early diagnosis enables the implementation of conservative therapeutic 
measures to prevent progression to structural nerve damage.
Keywords: Nerve; median; pronator; neuropathy; syndrome; teres.
Level of Evidence: IV

Síndrome del pronador redondo en el contexto de otras neuropatías compresivas del miembro superior. 
Presentación de un caso

Resumen
El síndrome del pronador redondo consiste en un atrapamiento del nervio mediano en su recorrido entre los vientres musculares 
del músculo pronador redondo. Es un cuadro poco común que habitualmente se confunde con otras neuropatías compresivas del 
miembro superior. Se presenta un caso infrecuente de síndrome del pronador redondo asociado a la compresión del nervio cubital 
en el codo y del nervio mediano en la muñeca. El estudio electrofisiológico detectó un atrapamiento del nervio mediano en la mu-
ñeca y una neuropatía cubital a nivel del codo. La ecografía dinámica del antebrazo constató una afectación morfológica del nervio 
mediano a su paso por el músculo pronador redondo. El paciente mejoró con la aplicación corticoides y técnicas de rehabilitación y 
readaptación. Conclusiones: Se debe sospechar un síndrome del pronador redondo en pacientes que consultan por alteraciones 
sensitivas en el antebrazo y la muñeca. El diagnóstico diferencial con otras neuropatías compresivas es fundamental, porque la de-
tección precoz permite indicar medidas terapéuticas conservadoras que eviten una progresión hacia la lesión estructural del nervio.
Palabras clave: Nervio mediano; pronador redondo; neuropatía; síndrome.
Nivel de Evidencia: IV

INTRODUCTION
Pronator teres syndrome (PTS) is characterized by entrapment of the median nerve between the heads of the pro-

nator teres muscle.1-4 It is an uncommon condition that rarely occurs in conjunction with other nerve compressions 
in the upper limb. In such cases, the symptomatology and physical examination findings may be inconclusive due 
to a complex amalgam of sensory alterations that patients often struggle to describe.5-7 A thorough anamnesis, in-
cluding detailed inquiry into the patient’s history, onset, symptoms, and clinical signs, is essential to suspect PTS. 
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Electrophysiological studies have limited sensitivity for sensory neuropathies,8 but may be helpful in identifying 
other sites of nerve compression. Imaging studies can be valuable in visualizing the nerve pathway and pinpoint-
ing compression sites,9  thereby facilitating a definitive diagnosis and enabling timely therapeutic interventions to 
prevent irreversible nerve damage.10,11

CLINICAL CASE
A 53-year-old white man, a university professor with no significant medical history, presented to our department 

with complaints of paresthesia, hypoesthesia, and dysesthesia in the right forearm and hand. These symptoms had 
worsened over the past two weeks, which the patient attributed to prolonged guitar playing as an amateur musician, 
practicing for several hours daily. The symptoms improved during nighttime rest but persisted throughout the day, 
exacerbating during activities such as typing on a computer keyboard and driving a car or motorcycle. 

A functional examination of the cervical spine showed no muscle contractures, pain on apophyseal palpation, or 
limitations in range of motion. Radicular elongation tests reproduced sensory symptoms along the anterior aspect 
of the distal third of the right arm, as well as in the dorsal, palmar, and radial regions of the forearm and hand, 
and in the 1st–4th fingers. No motor deficits were observed. Joint assessments of the elbow and wrist, as well as 
median nerve compression tests at the wrist, were negative. However, neurodynamic tests for the ulnar nerve at the 
epitrochlear canal intensified paresthesia along the anteromedial border of the forearm and in the 2nd–5th fingers. 
Symptoms were also provoked by active pronosupination, assisted supination, and active flexion of the flexor 
digitorum superficialis (Figure 1).

Complementary imaging studies, including plain radiographs and an MRI of the cervical spine, revealed mild 
degenerative changes without spinal or spinal cord involvement.

Electrophysiological studies (electromyography and electroneurography) of the right upper limb showed mild 
ulnar nerve entrapment at the olecranon-epitrochlear canal and mild median nerve compression at the carpal tunnel.

Comparative ultrasound of the elbows and forearms demonstrated altered morphology and thickness of the right 
median nerve as it passed beneath the superficial head of the pronator teres (Figure 2), consistent with findings in 
most cases of PTS (Figure 3).

A B C

Figure 1. Exploratory tests in pronator teres syndrome. A. Flexor digitorum superficialis test. B. Pressure test. C. Resisted 
supination test.
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A primary diagnosis of PTS was established in the context of concurrent carpal tunnel syndrome and ulnar nerve 
neuropathy at the elbow. Conservative management was initiated, including: functional rest, avoiding repetitive 
pronosupination movements and refraining from musical activities; physiotherapeutic interventions, such as mas-
sage therapy, electrotherapy, and stretching exercises; pharmacological treatment with oral corticosteroids (oral 
deflazacort 30 mg/day for 5 days, followed by a tapered dosage over 20 days); and daily supplementation with a 
vitamin B complex combined with alpha-lipoic acid for 2 months.

Figure 2. Ultrasound of the ventral aspect of the right forearm. A. Longitudinal section. B. Transverse section. The arrow 
shows compression of the median nerve as it passes between the heads of the pronator teres muscle.

Figure 3. Median nerve in its path between the two heads of the pronator teres muscle. Source: 
Complete Anatomy interactive atlas, version 10.0.1, modified.
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After two months of conservative treatment, the patient experienced significant improvement and resumed his 
musical activities, adhering to recommendations for postural correction, technique refinement, stretching, and lim-
iting prolonged practice sessions. At a follow-up visit three months later, he showed a good response to treatment 
and reported no symptoms of compressive neuropathy in the median or ulnar nerve territories.

DISCUSSION 
The pronator teres muscle is located in the anterior and proximal region of the forearm. Its two heads originate 

from the medial epicondyle of the humerus and the medial border of the coronoid process of the ulna, respectively, 
and insert on the middle third of the lateral aspect of the radius via a single tendon. The muscle is innervated by the 
median nerve, which passes between the two heads in 74–82% of cases,1-3  making it a predisposing factor for the 
development of pronator teres syndrome (PTS).3

PTS was first described by Henrik Seiffert in 1951. In 66% of cases, nerve entrapment occurs between the heads 
of the pronator teres,4 presenting with paresthesias in the palm of the hand and the 1st–4th fingers, pain in the an-
terior forearm that worsens with activity and improves with rest, and, occasionally, weakness of the musculature 
innervated by the median nerve distal to the compression site.5

A differential diagnosis must be considered to distinguish PTS from conditions such as cervical radiculopathy, 
brachial plexus neuropathies, thoracic outlet syndrome, and other compressive neuropathies of the upper limb, 
including carpal tunnel syndrome.6 In carpal tunnel syndrome, median nerve compression occurs below the trans-
verse carpal ligament, typically causing nocturnal pain while sparing the palm’s sensory function, as the palmar 
cutaneous branch does not traverse the carpal tunnel.7 Additional causes of median nerve compression include the 
Struthers ligament, which connects the humerus to the medial epicondyle and may lead to pain and paresthesias in 
the forearm, hand, and fingers, exacerbated by forearm supination and elbow extension. Lacertus fibrosus, while 
a rare cause, can also compress the median nerve at the elbow.12  Anterior interosseous nerve syndrome manifests 
with muscle weakness of the flexor group but typically lacks sensory involvement.13 Compression of the median 
nerve in the fibrous arch of the flexor digitorum superficialis is more common and produces symptoms similar to 
PTS.13 Furthermore, canalicular compressions of the ulnar or radial nerves should be included in the differential 
diagnosis, as pain and paresthesias do not always align with the classic dermatomal patterns.

Symptoms and clinical evaluation are critical for diagnosing PTS. Electrophysiological studies are of limited 
diagnostic value, with a sensitivity of only 10%. Among patients with clinically suspected PTS, fewer than 50% 
are confirmed by electrodiagnostic tests.14 Nonetheless, electromyography and electroneurography can help rule 
out alternative compression sites in patients with distal sensory or motor symptoms. MRI and high-frequency 
ultrasound are recommended for definitive diagnosis, as they enable visualization of the nerve pathway and areas 
of compression.15

In cases of mild compression, conservative treatments—including anti-inflammatory medications, corticoste-
roids, and physiotherapy focused on muscle relaxation and nerve stimulation—can be effective. Promising results 
have been reported with ultrasound-guided hydrodissection of the median nerve using 5% dextrose,10 and some 
authors suggest dry-needling techniques.11 Surgical nerve decompression is reserved for severe cases or those un-
responsive to conservative treatment.9,16

CONCLUSIONS
The case presented is notable because the median nerve was entrapped at both the pronator teres and the trans-

verse carpal ligament, in addition to concurrent ulnar nerve compression at the elbow. This combination resulted 
in complex symptomatology and inconclusive findings during clinical examination. It is essential to recognize the 
low sensitivity of electromyography and understand that a negative result does not rule out PTS. Misinterpreting 
or overlooking this can lead to diagnostic errors.

A thorough clinical history, physical examination, and appropriate imaging studies are paramount. Clinicians 
should also consider the possibility of PTS coexisting with other canalicular syndromes of the upper limb. Prompt 
and accurate diagnosis of PTS enables effective conservative treatment, which can prevent progression to irrevers-
ible nerve damage and avoid the need for surgical intervention.
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ABSTRACT
Refracture of the anterior tibial tuberosity in adolescents is a rare complication, particularly following surgical treatment, and has 
been scarcely reported in the literature. We present the case of an adolescent who sustained an anterior tibial tuberosity fracture, 
underwent surgical treatment at our center, and experienced a refracture four months later while playing sports. The patient under-
went a second surgical procedure, which yielded favorable results. Although refracture is an uncommon complication, it is essential 
to recognize its possibility and to be prepared to manage it effectively. Further studies are required to identify the risk factors that 
may contribute to its occurrence.
Keywords: Refracture; anterior tibial tuberosity; surgery; adolescent.
Level of Evidence: IV

Refractura de la tuberosidad tibial anterior en un adolescente luego del tratamiento quirúrgico. Presenta-
ción de un caso y revisión bibliográfica

RESUMEN
La refractura de la tuberosidad tibial anterior en adolescentes es una complicación infrecuente y poco descrita en la bibliografía, 
más aún tras un tratamiento quirúrgico. Presentamos el caso de un adolescente que sufrió una fractura de la tuberosidad tibial 
anterior y fue operado en nuestro centro. A los 4 meses, tuvo una recidiva después de practicar deportes. Fue sometido a una 
nueva intervención y los resultados han sido buenos. Aunque la refractura es una complicación rara, es importante tenerla en 
cuenta y saber abordarla de forma adecuada. Es necesario llevar a cabo más estudios para dilucidar los factores de riesgo que 
puedan influir en esta complicación.
Palabras clave: Refractura; tuberosidad tibial anterior; cirugía; adolescente.
Nivel de Evidencia: IV

INTRODUCTION
Fractures of the anterior tibial tuberosity (ATT) are rare injuries, accounting for less than 1% of physeal fractures 

and less than 3% of pediatric fractures, although their incidence is rising.1,2 They are ten times more frequent in 
males and typically occur during adolescence (ages 12–14), close to skeletal maturity.3,4

The most commonly used classification system is Ogden’s, and treatment varies depending on the fracture pat-
tern. Generally, Ogden types IA, IB, and IIA are managed conservatively, while the others require surgical inter-
vention.4,5

Complications such as compartment syndrome have been widely reported in the literature. However, refractures, 
particularly following surgical treatment, are less commonly discussed.

The aim of this article is to present a case of a recurrent ATT fracture after surgical treatment and to review the 
relevant literature.
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CLINICAL CASE
A 14-year-old male presented after sustaining a fall while playing soccer, with his knee in flexion. Clinical ex-

amination revealed joint effusion, knee flexion, and varus deformity. Radiographs demonstrated a complex Ogden 
type IVB ATT fracture (Figure 1). 

Figure 1. Anteroposterior and lateral radiographs of the proximal tibia. The initial fracture of the 
anterior tibial tuberosity is observed.
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At four months postoperatively, the patient presented with pain and functional impairment in the left knee fol-
lowing hyperextension. Clinical examination revealed joint effusion, an ascending patella, and tenderness over the 
ATT. Radiographs showed an Ogden type IIB ATT fracture-avulsion. A CT scan ruled out intra-articular involve-
ment and confirmed consolidation of the posterior line of the initial fracture (Figures 3 and 4). 

A second surgery was performed using an anterior approach. The previous osteosynthesis material was removed, 
and the ATT bone fragment was osteosutured with a braided non-absorbable polyester suture (Orthocord®, John-
son & Johnson, Madrid, Spain). Two perpendicular tunnels were created in the tibia to pass the sutures. The frac-
ture was reduced and fixed with two 4.5 mm bicortical cannulated partial-thread screws. The sutures were then tied 
securely. Finally, the patellar tendon was reanchored using a Krackow-type suture with No. 5 Ethibond® (Johnson 
& Johnson, Madrid, Spain) through two tibial tunnels, tied at 30° of knee flexion (Figures 5 and 6).

The patient underwent emergency surgery involving closed reduction and osteosynthesis with two 3.5 mm can-
nulated percutaneous partial-thread screws (Figure 2). The immediate postoperative period was uneventful. Partial 
weight-bearing was initiated early, and a gradual extension-flexion orthosis (0°–90°) was introduced from the third 
week, along with progressive quadriceps strengthening exercises under physiotherapeutic guidance. At 12 weeks, 
he was cleared to return to sporting activities.

Figure 2. Anteroposterior and lateral radiographs of the knee. Postoperative control.



640

C. Jiménez Nava et al.

Rev Asoc Argent Ortop Traumatol 2024; 89 (6): 637-646 • ISSN 1852-7434 (online)

Figure 3. Anteroposterior and lateral radiographs of the knee. The refracture is observed.

Figure 4. Computed tomography of the knee. The refracture with previous 
consolidated line is observed.
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Figure 5. A. After removal of the osteosynthesis material, a suture with Orthocord® is passed through the bone 
fragment. B and C. Creation of two crossed tunnels with drill. D. Passage of the suture through the tunnels. E. 
Fracture reduction and temporary fixation with K-wires. F. Definitive fixation with 2 cannulated screws. G. Creation 
of two tunnels in the tibia for passage of the Ethibond® suture. H. Krackow type suture in the patellar tendon with 2 
Ethibond® and knotting through tunnels with 30º of flexion.

Figure 6. Anteroposterior and lateral radiographs of the knee. Control after the second operation.
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The immediate postoperative period was uneventful. The knee was immobilized at 15° of flexion for three 
weeks, with non-weight bearing. Gradual weight-bearing and flexion using an articulated orthosis were intro-
duced, reaching 90° over the following three weeks.

Four months postoperatively, the patient had regained full range of motion, was pain-free, and achieved full 
weight-bearing (Figure 7). At six months, he returned to his usual physical activities without any limitations.

Figure 7. Clinical control at 4 months.

DISCUSSION
The secondary ossification center of the proximal tibial epiphysis develops during the first days of life. The 

anterior tibial tuberosity (ATT) has a separate ossification center that typically appears between the ages of 7 and 
12 years.6 These ossification centers serve distinct functions: the primary center contributes to growth and shap-
ing, while the secondary center serves as the insertion site for the patellar tendon. Fusion of these centers follows 
a specific sequence, with the ATT being the last to close—around 14 years of age in girls and 16 years in boys.3

ATT fractures most commonly occur in athletic settings, particularly during jumping. The two primary injury 
mechanisms are quadriceps contraction with the knee extended (at the jump’s apex) or rapid passive flexion with 
the quadriceps contracted (upon landing).5 The proximal tibial physis fuses from posterior to anterior, and the 
fracture pattern depends on the degree of skeletal maturity and knee flexion at the time of trauma. Generally, ATT 
fractures involving the proximal epiphysis occur at more than 30º of knee flexion (Figures 8 and 9).7,8

Although rare, ATT fractures are becoming increasingly frequent. They are particularly notable in fractures 
with posterior physeal or metaphyseal involvement. Types IV and V fractures were not described until 1985 by 
Ryu and Debenham and in 2003 by McKoy and Stanitski, respectively.9 Previously, these injuries were classified 
as proximal tibial fractures using the Salter-Harris classification.10
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Figure 9. Mechanisms of injury.

Figure 8. Direction of physeal closure.
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The first classification system for ATT fractures was proposed by Watson-Jones in 1976.11 However, the most 
widely used system is the one published by Ogden in 1980,12 with subsequent additions by Ryu and Debenham 
(type IV) and McKoy and Stanitski (type V) (Figure 10).9,13 . 

Figure 10. Classifications of anterior tibial tuberosity fractures. Image taken from Rodriguez I, Sepúlveda M, Birrer E, Tuca 
MJ. Fracture of the anterior tibial tuberosity in children. EFORT Open Rev 2020;5(5):260-7. 
https://doi.org/10.1302/2058-5241.5.190026

Numerous associated injuries have been reported, including anterior cruciate ligament (ACL) involvement, 
quadriceps and patellar tendon avulsions (2%), and meniscal injuries (2%).2,10,14,15 The most critical associated 
injury is compartment syndrome, due to the proximity of the anterior tibial recurrent artery. Its reported incidence 
ranges from 4% (Pretell-Mazzini et al.16) to 20% (Frey et al. and Polakoff et al.).15 . 

For diagnosis, routine anteroposterior and lateral radiographs are essential. If intra-articular fractures or recur-
rences are suspected, as in our patient, a CT scan is recommended. MRI is indicated when ligament or meniscal 
injuries are suspected.

The therapeutic goal is to restore the knee’s extensor mechanism and articular surface while repairing any 
intra-articular structures. Conservative treatment is typically reserved for Ogden type I or II fractures with <2 mm 
displacement or for skeletally immature patients.9,17
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Various surgical techniques have been described, but none has been proven superior. The most common ap-
proach is open or closed reduction with fixation using partial-thread screws (average diameter: 4–4.5 mm) to 
achieve compression. Arthroscopy can assist in reducing joint fragments, avoiding arthrotomy. Extensive peri-
osteal involvement requires repair to enhance stability. Reattachment of the patellar tendon is necessary in cases 
of concomitant involvement. Other options include needle fixation (suitable for younger patients to reduce the 
risk of physeal injury),2 tension bands, or combinations thereof. Plate osteosynthesis is primarily used for Ogden 
type IV fractures.4

Osteosynthesis material often needs removal due to discomfort caused by screw head irritation. Removal is 
recommended after physeal closure.16,18

The overall complication rate for ATT fractures is approximately 28%, with up to 56% of cases involving an-
terior pain or implant bursitis. The second most common complication is refracture (5%), mainly in Ogden types 
III, IV, and V fractures. Less frequent complications include infection, recurvatum deformity, and pseudoarthro-
sis (<1%).3

Refracture of an ATT initially treated with surgery is a rare complication and is scarcely addressed in the lit-
erature. This complication poses challenges in reconstructing the knee’s extensor mechanism.19 Stable fixation is 
crucial for restoring normal activities while respecting the physis to prevent complications like premature physeal 
closure. 18

Several authors have described an association between a higher rate of complications and posterior metaphy-
seal involvement, including compartment syndrome and refracture.3,10,20 In the study by Brey et al., a statistically 
significant association between posterior metaphyseal involvement and refracture was demonstrated. However, 
the initial treatment in that study was conservative, making the results not directly comparable to cases treated 
surgically.10

In 2018, Valenzuela et al. published a case of refracture following surgery, although with different character-
istics from our case. In their report, the refracture occurred in the context of a complicated postoperative course, 
which resulted in tendon retraction and chronic ATT avulsion.19 By contrast, in our patient, the refracture oc-
curred after an initially satisfactory postoperative recovery.

According to the literature, the average recommended period before resuming sports activities is at least 3 
months.3 Therefore, it would not be reasonable to attribute the failure of osteosynthesis in our patient to prema-
ture return to sports or poor compliance. Alternatively, one could speculate that osteosynthesis using two 3.5 mm 
screws may have provided insufficient stability. However, there are currently no robust studies to support this 
hypothesis. Thus, further research is needed to identify potential causes of osteosynthesis failure in these cases. 

CONCLUSIONS
ATT refracture is a rare complication in the evolution of this condition but should be carefully considered in 

these patients. It is essential to perform definitive surgical treatment that allows the patient to resume physical 
activity safely, incorporating measures to increase stability and relieve tension on the patellar tendon when neces-
sary.

Additional studies are warranted, as many variables remain undefined. Identifying the risk factors associated 
with such complications will be critical to improving outcomes and guiding clinical decision-making.
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ABSTRACT
Focal periphyseal edema (FOPE) zones are unusual imaging findings first described in 2011 by Zbojniewicz and Laor. They ap-
pear as areas of bone marrow edema centered on the physis of the knee in adolescents nearing skeletal maturity. This condition 
is clinically significant because knee pain is a frequent reason for consultation in adolescent patients. In many cases, physical 
examination and radiographs do not provide sufficient findings for a definitive diagnosis, leading to symptom-based treatment 
without a clear etiology. We report the case of a 13-year-old adolescent presenting with unilateral anterior knee pain without a his-
tory of trauma or underlying pathology. The patient had been previously evaluated multiple times without a conclusive diagnosis. 
Magnetic resonance imaging (MRI) revealed specific findings consistent with a FOPE lesion or zone. Symptomatic treatment was 
subsequently offered.
Keywords: Knee; growth plate; adolescent; edema; magnetic resonance imaging.
Level of Evidence: IV

Edema perifisario focal en una adolescente: reporte de un caso

RESUMEN 
Las lesiones FOPE (focal periphyseal edema) son hallazgos infrecuentes, descritas, por primera vez, en 2011, por Zbojniewicz y 
Laor, como áreas de edema en la médula ósea centradas en la fisis de las rodillas de adolescentes que están cerca de la madurez 
esquelética. Esto es relevante, ya que el dolor de rodilla es un motivo común de consulta de los adolescentes y, en muchos de 
estos casos, el examen físico y las radiografías no revelan los hallazgos suficientes para dar un diagnóstico específico, y se opta 
por indicar un tratamiento para resolver los síntomas, sin una etiología clara. Se presenta el caso de una adolescente de 13 años 
con dolor anterior de rodilla unilateral, sin antecedente de trauma o enfermedades de base, que había sido evaluada en otras 
oportunidades, sin que se llegara a un diagnóstico. Una resonancia magnética muestra hallazgos específicos y se diagnostica 
lesión o zona FOPE. Se administra un tratamiento sintomático.
Palabras clave: Rodilla; placa de crecimiento; adolescente; edema; resonancia magnética. 
Nivel de Evidencia: IV

INTRODUCTION
Knee pain is a common reason for consultation in adolescents. In many cases, physical examination and radio-

graphs do not provide sufficient findings to establish a specific diagnosis. Consequently, treatment is often aimed 
at symptom resolution despite the absence of a clear etiology. In this age group, it is important to consider physeal 
abnormalities—whether traumatic or atraumatic—and, particularly, the condition described by Zbojniewicz and 
Laor as focal periphyseal edema (FOPE), albeit a rare finding.1

This report presents the case of an adolescent girl with anterior knee pain, ultimately diagnosed with a FOPE 
lesion based on imaging studies.
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CLINICAL CASE
A 13-year-old adolescent with no relevant medical history presented to the Orthopedic Surgery Service with 

complaints of left knee pain. According to her mother, the patient had experienced spontaneous pain in her left 
knee for the past year without any history of trauma. She had visited the emergency department twice for the pain, 
where she was prescribed analgesics and advised to rest.

Physical examination revealed mild edema of the left knee, without joint effusion or skin changes. The arc of 
motion was 0° to 120° of flexion-extension, limited by pain. Tenderness was focalized in the distal third of the left 
thigh, corresponding to the area of the distal femoral metaphysis. There was no evidence of ligamentous instabil-
ity, meniscal signs, or palpable masses. Peripheral pulses were intact, and no neurological deficits were observed 
in the lower limbs.

Magnetic resonance imaging (MRI) of the left knee revealed peripheral edema in the distal femur and proximal 
tibia, with no other abnormalities of clinical significance.

Based on these findings, two potential diagnoses were proposed: FOPE lesion or inflammatory monoarthritis 
of rheumatic origin. Management included the use of crutches, physical therapy, analgesics, and referral to the 
Rheumatology Service for further evaluation.

Three months later, the patient returned for follow-up after consultation with the Rheumatology Service, which 
did not yield a definitive diagnosis. She continued to report severe knee pain and had undergone a privately ob-
tained MRI. This new MRI clearly identified a FOPE lesion in the distal femur, with no additional pathological 
findings (Figure). Based on this, a diagnosis of FOPE lesion involving the proximal tibia and distal femur of the 
left knee was confirmed. The patient and her mother were informed about the low prevalence of this condition. 
Management was focused on physical therapy and analgesics to alleviate symptoms.

Figure. MRI of the knee. Central and symmetric bone marrow edema in the bilateral distal femoral metaphysis, intensified in 
the left knee.

DISCUSSION 
FOPE lesions were first described in 2011 by Zbojniewicz and Laor, who identified areas of bone marrow edema 

centered in the physis of the knees in adolescents nearing skeletal maturity, particularly between the ages of 12 
and 16—the age range to which our patient belongs.1 These areas have been associated with painful symptoms in 
young patients but are also linked to the normal process of physeal closure in adolescents, suggesting that they may 
represent a physiological rather than pathological phenomenon. 2,3
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While there is no specific pathophysiological mechanism connecting FOPE lesions to the female sex, it is no-
table that many reported cases involve female patients.4,5 FOPE lesions most commonly occur around the knee 
(distal femur, proximal tibia, proximal fibula), though they have also been described in other locations, such as 
the greater trochanter.6,7  

The edema observed in the central region of the physis may result from increased stress on the bone tissue due 
to reduced elasticity in this area, compounded by microtrauma. The isolated descriptive findings of FOPE lesions 
on MRI, along with episodes of pain, support this as a plausible explanation for the associated symptoms. 8

Plain radiographs are generally not helpful for confirming the diagnosis, as they are often normal or fail to 
reveal alterations that correlate with the clinical presentation. MRI, on the other hand, is more valuable due to its 
detailed findings. FOPE lesions exhibit the following MRI characteristics:4

- Areas of edema in the metaphyseal and epiphyseal regions of the physis
- Symmetric edema
- Hypointensity on T1-weighted sequences and hyperintensity on T2-weighted sequences
- Variable extension
- Location in the central portion of the physis or slightly eccentric
- A slightly open, narrow physis in the area of edema
These imaging features are particularly useful for differentiating FOPE lesions from other conditions, such as 

osteomyelitis, tumors, or traumatic injuries, which typically present with more asymmetrical imaging findings 
and are less likely to span the physis.9

In some adolescents, the degree of edema may be insufficient to cause noticeable symptoms. Consequently, 
many FOPE lesions may go undiagnosed if they do not result in pain or limitations in physical or athletic activi-
ties. 3

FOPE lesions are self-limiting, and once diagnosed, follow-up imaging or further studies are generally unnec-
essary. Most cases resolve spontaneously with physeal closure, though residual knee pain can persist for up to 
three years in some patients. 4

Treatment primarily involves rest and limiting physical activity for approximately four weeks, as was recom-
mended for this patient. Physical activities can be gradually resumed as symptoms decrease in intensity.2

CONCLUSIONS
FOPE lesions, or FOPE zones, represent a physiological event occurring in the physis of patients nearing skel-

etal maturity. Although poorly described in the literature, they should be considered a potential cause of anterior 
knee pain in adolescents.
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Abstract
Osteochondroma is the most common benign skeletal tumor, with the cervical spine being the most frequent site for spinal os-
teochondromas. Spinal exostoses typically arise from the lamina of cervical vertebrae. Although rare, cervical myelopathy can 
occur and may lead to significant neurological consequences. Surgical intervention is often considered for asymptomatic lesions 
to prevent potential neurological deterioration. We report the case of an 11-year-old patient with an incidentally discovered cervical 
osteochondroma originating from the left lamina of C4, causing spinal cord compression. Magnetic resonance imaging (MRI) of the 
cervical spine revealed a lesion protruding into the canal, leading to a reduction in canal diameter. The patient underwent surgical 
resection of the C4 posterior arch with decompression, performed without fusion. At two years post-surgery, no local recurrence 
or neurological symptoms were observed. 
Keywords: Osteochondroma; spine; hereditary multiple exostoses; myelopathy; children.
Level of Evidence: IV

Osteocondroma cervical y mielopatía en niños: reporte de un caso y revisión de la bibliografía

RESUMEN
El osteocondroma es el tumor benigno más común del esqueleto. La columna cervical es la ubicación más frecuente para el 
osteocondroma espinal. Las exostosis espinales surgen, con más frecuencia, de las vértebras cervicales, aparecen típicamente 
en la lámina. Aunque la mielopatía cervical es un cuadro raro, puede tener serias consecuencias neurológicas. Si se descubren 
lesiones asintomáticas, se puede considerar la intervención quirúrgica para prevenir el deterioro neurológico. Se detectó inciden-
talmente un osteocondroma cervical en una paciente de 11 años. Este se originaba en la lámina de C4 y comprimía la médula 
espinal. La resonancia magnética de columna cervical mostró el osteocondroma en la lámina izquierda de C4 que sobresalía en 
el canal, lo que reducía su diámetro. La paciente fue sometida a una resección del arco posterior de C4 y a descompresión sin 
fusión. A los 2 años de la cirugía, no había evidencia de recurrencia local ni síntomas neurológicos.
Palabras clave: Osteocondroma; columna vertebral; exostosis múltiple hereditaria; mielopatía: niños.
Nivel de Evidencia: IV

INTRODUCTION
Osteochondroma is the most common benign tumor of the skeletal system. It can occur as a solitary lesion 

or as part of an autosomal dominant hereditary syndrome known as hereditary multiple exostoses (HME). This 
condition primarily affects the growth plate, typically presenting during adolescence, and its progression halts 
upon reaching skeletal maturity. Generally, osteochondromas are asymptomatic and rarely undergo malignant 
transformation. They predominantly occur in the metaphyses of long bones, with spinal involvement being 
uncommon (1–4%). However, in cases of HME, spinal involvement increases to approximately 7–9%.1 Among 
spinal osteochondromas, the cervical spine is most frequently affected, comprising 50–58% of cases, with 64% 
involving the posterior elements of the spine. Although rare, 0.5–1% of patients may experience progressive 
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symptoms of myelopathy or radiculopathy, which, if left undiagnosed and untreated, can lead to severe com-
plications.2

This report presents the case of an 11-year-old female patient with HME and cervical osteochondroma, who 
underwent surgery due to spinal cord compression. A literature review on this topic is also provided.

CLINICAL CASE
An 11-year-old girl diagnosed with HME had been under care at the Children’s Orthopedic Service since 2010, 

presenting with multiple lesions on both arms and legs (Figure 1). 

Figure 1. Radiographs of both shoulders, AP view (A and B), right ankle, AP view (C) and both knees, AP view (D). 
Multiple osteochondromatous lesions.

A B C D

In May 2020, she was referred to the Spine Pathology Service after an incidental finding of a cervical osteo-
chondroma on a routine computed tomography (CT) scan. At the time, the patient had no cervical symptoms, and 
neurological examination revealed normal findings, including present reflexes and negative Hoffman, Clonus, 
and Babinski signs. CT imaging showed an osteochondroma in the left lamina of C4, extending into the spinal 
canal (Figure 2). Additionally, a pedunculated osteochondroma in the posterior wall of T1 and an osteochon-
droma in the spinous process of C2 were identified, both extending into the spinal canal. Magnetic resonance 
imaging (MRI) confirmed that the C4 lesion reduced canal diameter and demonstrated a hyperintense signal on 
T2 sequences (Figure 3). 
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Figure 2. Computed tomography of the cervical spine, sagittal (A) and axial (B and C) sections. 
Osteochondroma of the left lamina of C4 with narrowing of the spinal canal (red arrow).

A

B

C

Figure 3. Magnetic resonance of cervical spine, sagittal (A and B) and axial (C) slices. Osteochondroma of the left lamina of 
C4 with narrowing of the spinal canal and hyperintense signal of the spinal cord at that level (red arrow).

A B C
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The T1 and C2 osteochondromas did not exhibit spinal cord involvement on MRI. Subsensory evoked poten-
tials from all four extremities indicated decreased amplitude. Given these findings, posterior cervical decompres-
sion and resection of the posterior arch of C4 were performed without instrumentation (Figure 4). 

A

A

Figure 4. Anteroposterior and lateral radiographs of the cervical region in the immediate postoperative period (A and B) and 
image of the resection of the posterior arch of C4 (C and D).

The patient experienced no neurological complications and was discharged on postoperative day three. A rigid 
cervical collar was used for two months. Pathological examination confirmed the diagnosis of osteochondroma. 
Three months after surgery, the patient developed local kyphosis at the C4–C5 segment, which is currently being 
monitored. At two years postoperatively, there was no evidence of local recurrence on CT or MRI (Figure 5). 

Both the T1 pedunculated osteochondroma and the finding in the spinous process of C2 remained stable, and 
conservative treatment was continued.

Currently, the patient is pain-free and actively participates in sports.

A B D

C
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DISCUSSION
The first documented case of myelopathy associated with HME was published by Reid in 1843.3 In 1907, 

Ochsner and Rothstein described the first case of cervical myelopathy secondary to HME treated with decom-
pression.4 Spinal osteochondromas most commonly affect the cervical region, followed by the thoracic and 
lumbar spine. Within the cervical spine, C2 (29%) and C5 (24%) are the most commonly affected levels, while 
C4 involvement, as seen in our patient, is less frequent (17%).1,5 These lesions often originate from the lamina 
and extend outward, rarely causing myelopathy. The incidence of myelopathy in such cases is low (0.5–1%) and 

Figure 5. Computed tomography of the cervical spine, sagittal (A) and axial (B) slices, and magnetic resonance of the 
cervical spine, sagittal, T2 (C) and axial T2 (D) slices. Postoperative control at 24 months.
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typically manifests in the second or third decade of life. Myelopathy in pediatric patients with HME is uncom-
mon. Roach et al. evaluated 44 asymptomatic HME patients using MRI or CT and found that 38% had spinal 
osteochondromas, with 27% showing canal involvement.6 This highlights the potential underreporting of spinal 
lesions in HME. Based on these findings, annual spinal MRI is recommended for patients with HME, especially 
during puberty. In this case, the patient’s cervical osteochondroma was incidentally discovered on a CT scan, as 
spinal monitoring had not been performed previously. For asymptomatic lesions, prophylactic surgery may be 
considered to prevent neurologic deterioration. Surgical options include laminoplasty, isolated laminectomy, or 
laminectomy with arthrodesis.7 During surgery, lesion location, resection and residual stability are critical con-
siderations. Complete resection, including the cartilage cap, is essential to minimize recurrence risk associated 
with incomplete excision.8 Laminectomy is often the preferred approach, with the decision to include posterior 
arthrodesis made on a case-by-case basis to prevent deformities such as cervical kyphosis.9,10

CONCLUSIONS
Although cervical myelopathy due to osteochondroma is rare, it can result in significant neurological compli-

cations in patients with HME. Annual spinal MRI is recommended for early detection of lesions. If surgery is 
required, laminectomy, with or without posterior fusion, is the preferred treatment option.
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Pain in the Temporomandibular Region

ABSTRACT

Idiopathic calcified nodules originate from the accumulation of mineralized material within a thrombus due to vascular stagnation. 

They are rare in the maxillofacial region. These calcifications can go unnoticed for a long time unless their growth alters the

facial appearance. They are typically evident in radiographic findings as rounded radiopaque bodies. In most cases, the recom-

mended course of action is monitoring in the absence of symptoms.

Keywords: Phleboliths; vascular anomaly; calcifications; radiopaque.

Level of Evidence: IV

Dolor en la región temporomandibular

RESUMEN
Se presenta el caso de una mujer de 54 años de edad que acudió a la consulta por dolor en la articulación temporomandibular 
izquierda. Luego del examen clínico, se solicitaron estudios por imágenes y, en las radiografías, se observaron calcificaciones 

nodulares en la región interna de la rama mandibular izquierda. Se decidió indicar otros estudios por imágenes.

Palabras clave: Flebolito; anomalía vascular; calcificaciones; radiopaco.

Nivel de Evidencia: IV

DIAGNOSIS: Phleboliths.

DISCUSSION
To determine the exact location of the lesions and establish a diagnosis, a CT scan of the craniofacial region with 

3D reconstruction was requested. The images revealed nodular calcifications medial to the left mandibular ramus, 
in relation to the medial pterygoid muscle (Figures 3 and 4).
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Phleboliths are uncommon idiopathic calcified nodules in the maxillofacial region, characterized by oval or cir-
cular concentric radiolucent calcifications.1-3  They result from the accumulation of mineralized material inside a 
thrombus due to vascular stagnation and are associated with vascular anomalies, hemangiomas, and trauma.1,4  This 
condition is not linked to hereditary factors.4

Figure 3. Computed tomography of the craniofacial region. A. Axial reconstruction. B. Coronal reconstruction.

Figure 4. Computed tomography of the craniofacial region. A. Volumetric reconstruction, posterior view. B. Volumetric 
reconstruction, sagittal view.
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A hallmark feature of phleboliths is their high degree of calcification. Structurally, they resemble a calcified 
mass of rounded or oval shape, often exhibiting a lamellar arrangement. The growth of a phlebolith occurs from 
the inside outward and is influenced by fibroblasts.3

The incidence of phleboliths in the head and neck region ranges from 5% to 20%, with an average of 
13.5%.3,4  These lesions are characterized by slow growth, are typically asymptomatic, and are often associated 
with the masticatory muscles and cheeks. Occurrence in the salivary glands is rare, though published cases have 
reported depressible masses accompanied by edema and even symptoms. Calcification can occur at any age, but it 
predominantly affects individuals during the first and third decades of life, with no predilection for race or sex.5,6

Phleboliths may remain undetected for extended periods unless their growth affects facial aesthetics. They are 
evident on radiographic findings as rounded radiopaque bodies. Larger phleboliths often exhibit multiple ran-
domly distributed, circular laminations, with a radiopaque halo on the contour and a radiolucent center.7

Histological examination of phleboliths reveals concentric calcifications with a lamellar pattern resembling an 
onion, located within a vessel and sometimes likened to a bull’s eye. The outer layer comprises smooth fibrous 
connective tissue, while the inner layer is shiny brown and elastic. This inner tissue is filled with laminated red 
blood cells that form an organized thrombus. At the center of the lesion lies a small body resembling an embedded 
stone, as the calcification grows incrementally.1

Diagnostic imaging studies include ultrasound and advanced imaging techniques, such as contrast-enhanced 
computed tomography (CT) and magnetic resonance imaging (MRI).8 Differential diagnoses for phleboliths in 
the maxillofacial region include sialoliths, tonsilloliths, calcified lymph nodes, atherosclerotic plaques in the 
carotid artery, healed acne lesions, cysticercosis, and miliary osteoma cutis. 1,8

In most cases of vascular anomalies, follow-up is the preferred approach due to the absence of symptoms. 
When phleboliths reach significant dimensions, sclerotherapy or surgical excision may be considered as treat-
ment options.8

The patient in this case completed treatment for temporomandibular joint (TMJ) dysfunction, and the symp-
toms prompting consultation resolved. A watchful waiting approach was chosen regarding the phleboliths.

CONCLUSIONS
Phleboliths are calcified nodules associated with uncommon vascular anomalies in the maxillofacial region. 

These calcifications often go unnoticed due to the lack of symptoms, making follow-up the most appropriate 
course of action in many cases.
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Dr. Héctor R. Malvárez was born in the city of Tucumán on October 6, 1935. He earned his medical degree 
from the School of Medicine of the National University of Córdoba. Upon arriving in Buenos Aires, he joined 

the Orthopedics and Traumatology Department as a resident under the supervision of Professor Carlos E. Otto-
lenghi, becoming part of the inaugural group of residents at Hospital Italiano de Buenos Aires.

In 1964, at the recommendation of Dr. Ottolenghi, he pursued a fellowship at the Hospital for Sick Children in 
Toronto, Canada. There, he focused on the diagnosis and treatment of developmental dysplasia of the hip under 
the guidance of Dr. Robert Salter and on pediatric spinal deformities under the supervision of Dr. John Hall—both 
internationally renowned figures in pediatric orthopedics and scoliosis. Returning to Buenos Aires, Dr. Malvárez 
continued his career as a member of the Orthopedic Service at Hospital Italiano de Buenos Aires. Together with 
Dr. Jorge Animoso, he became part of the first team at the Scoliosis Center of the hospital (CEHIBA). This center, 
established in 1970 by Dr. Nora Bloise de Napolitano—its founder and head—was the first specialized institution 
in Argentina dedicated to treating spinal disorders in children and adolescents. CEHIBA has operated continuously 
since its inception, advancing the specialty academically, scientifically, and clinically.

Dr. Malvárez succeeded Dr. Bloise as the head of the Scoliosis Sector and led the Pediatric Orthopedics Sector 
until his retirement in 2000. During his distinguished career, he served as President of the Argentine Society of Pe-
diatric Orthopedics and Traumatology (SAOTI) from 1992 to 1993, and he was an active member of the Argentine 
Society of Scoliosis (now the Argentine Society of Spine Pathology, SAPCV) and the Argentine Association of 
Orthopedics and Traumatology (AAOT). He was also a frequent guest lecturer at national and international courses 
and authored or co-authored numerous publications in both pediatric orthopedics and scoliosis.

Dr. Malvárez was a lover of golf and, above all, a devoted family man. He is survived by his wife, Sofía, his 
daughters, Cecilia and Lorena, and his grandchildren. On a personal note, Dr. Malvárez played a pivotal role in my 
professional journey. I first met him in 1979 as a resident and was later welcomed into the Scoliosis Sector in 1982, 
where he remained a constant source of mentorship and encouragement until his passing on Thursday, October 24, 
2024. After 45 years of working together, I am left with countless shared memories and anecdotes, all marked by 
mutual respect. His charisma, empathy, and sociability defined him as a person and a colleague.

Today, I face the difficult task of bidding farewell to a cherished mentor and friend. I extend my heartfelt grati-
tude to the Argentine Association of Orthopedics and Traumatology for granting me the opportunity to express 
these sentiments.

Dr. Malvárez, I hope you found happiness in your life. Your legacy will endure in the hearts and minds of all who 
had the privilege of knowing you. Thank you for everything. Farewell, Rubén.

Dr. Rubén Maenza      
Orthopedics and Traumatology Department, Hospital Italiano de Buenos Aires
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His humanity is such that it is only because he was one of my teachers that I feel compelled to write about 
something so difficult to express in words.

To be precise, I will refer to one of the most beautiful passages in the history of medicine. In his old age, Am-
broise Paré responded to the criticism of Gourmelen, the Dean of the Faculty of Medicine of Paris, who disquali-
fied him for being a barber surgeon rather than a surgeon in long robes: “Dare you teach me surgery... You who 
have never come out of your study. Surgery is learned by the eye and hand. You, mon petit maître, know nothing 
else but how to chatter in a chair.”

Carlos Firpo comes to mind, and with him, the memory of his hands working meticulously and methodically in 
the operating room. He performed his surgical tasks with precision while verbally teaching, generously sharing his 
knowledge without the slightest hint of selfishness. All of this defines him as a great man.

I also recall his involvement in projects that he conceived and allowed us to share. His calm demeanor, thought-
ful speech, and constructive attitude set a course that we would respectfully strive to follow.

Carlos Firpo was born on February 22, 1930. He graduated from the University of Buenos Aires (UBA), where 
he also earned the rank of Associate Professor.

His hospital career included serving as Ward Chief at the Hospital General de Agudos “Carlos G. Durand”and 
Division Chief at both the Hospital General de Agudos “Dr. Cosme Argerich” and the Hospital Aeronáutico Cen-
tral. Notably, he was also a Hand Surgery Consultant at the Hospital Nacional de Clínicas de Buenos Aires, where 
Prof. Dr. José Manuel del Sel was Chief of Service.

His contributions to professional societies are equally distinguished. He served as President of the AAOT (Ar-
gentine Association of Orthopedics and Traumatology) and later of the Argentine Congress of the AAOT. In 2001, 
the AAOT awarded him the title of Master Surgeon.

He held several prestigious positions, including:
President of the South American Society of Hand Surgery, of which he was a founding member.
President of the Argentine Society of Hand and Upper Limb Surgery.
President of the Argentine Shoulder and Elbow Society and the South American Shoulder and Elbow Society, 

both of which he also helped found.
He was named an Honorary Member of the Argentine Medical Association, the AAOT, and the Argentine Shoul-

der and Elbow Society.
Dr. Firpo received numerous accolades, including the Dr. Carlos Durand, Dr. Cosme Argerich, and Quinquela 
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Martín Prizes. In 2010, he was recognized as an Outstanding Personality by the Legislature of the Autonomous 
City of Buenos Aires.

He authored 13 books, including the Atlas de Técnicas Quirúrgicas en Ortopedia y Traumatología and, most 
notably, Lecciones de Cirugía de la Mano y Miembro Superior, in which he masterfully described the surgical 
management of upper limb paralysis and rheumatoid arthritis. He also directed numerous postgraduate courses, 
both in Argentina and abroad.

This remarkable career and life trajectory could not have been achieved without the unconditional support of his 
wife, Wanda.

I first met Dr. Carlos Firpo at Hospital Durand during the South American Hand Society Fellowship, where he 
served as Director. I fondly remember his dedication, his patient teaching, and his ability to inspire those around 
him to strive for progress and improvement. He had a way of bridging the distance between master and student, 
and I am honored to have had the privilege of being by his side at some point in my career.

Dr. Oscar Varaona
Associate Professor of the National University of Buenos Aires
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