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AbstrAct
Objective: To retrospectively evaluate the functional and objective outcomes in patients with foveal lesions of the triangular fi-
brocartilage complex treated with arthroscopic knotless bone anchors. Materials and Methods: We retrospectively evaluated 12 
patients with Atzei 2/3 foveal lesions of the triangular fibrocartilage complex with an average follow-up of 18 months. All the lesions 
were repaired arthroscopically using a fibrocartilage guide and knotless bone anchors. The ranges of motion and grip strength 
were assessed with the Mayo Clinic wrist scale and the DASH questionnaire. results: Improvements were obtained in the pain 
and strength test; the average range of motion was 70° in extension, 85° in flexion, 20° in radial deviation, and 30° in ulnar devia-
tion. The outcomes according to the Mayo Clinic wrist scale were excellent in 83% of the cases and good in 17%; there were no 
poor outcomes. The average DASH score was 56 preoperatively and 8 postoperatively. The average contralateral comparative 
strength was 70%. conclusion: The arthroscopic repair of Atzei 2/3 lesions with knotless bone anchors achieves good outcomes, 
improves ranges of motion, and restores stability and total or partial strength in all cases.
Keywords: Wrist arthroscopy; Atzei 2; Atzei 3; triangular fibrocartilage complex; knotless bone anchorage.
Level of Evidence: IV

resultados del anclaje foveal artroscópico sin nudo del complejo del fibrocartílago triangular en lesiones 
Atzei 2/3

rEsuMEn
Objetivo: Evaluar, en forma retrospectiva, la función y los resultados objetivos de los pacientes con lesión foveal del complejo del 
fibrocartílago triangular mediante anclaje óseo sin nudo artroscópico. Materiales y Métodos: Se evaluó, en forma retrospectiva, a 
12 pacientes con lesión foveal del complejo del fibrocartílago triangular Atzei 2/3 y un seguimiento promedio de 18 meses. Todas 
las lesiones se repararon con artroscopia mediante la guía de fibrocartílago y anclaje óseo sin nudo. Se evaluaron los rangos de 
movilidad y la fuerza de agarre con la escala de muñeca de la Clínica Mayo y el cuestionario de DASH. resultados: Se obtu-
vieron mejoras en la prueba del dolor y la fuerza; el rango de movilidad promedio fue de 70° de extensión, 85° de flexión, 20° de 
desviación radial y 30° de desviación cubital. Los resultados según la escala de muñeca de la Clínica Mayo  fueron excelentes en 
el 83% y buenos en el 17%, no hubo resultados malos. El puntaje promedio del cuestionario DASH fue 56 en el preoperatorio y 8 
en el posoperatorio. El promedio de la fuerza comparativa contralateral fue del 70%. conclusiones: La reparación artroscópica 
de las lesiones Atzei 2/3 mediante anclaje óseo sin nudo logra buenos resultados, mejora los rangos de movilidad, recupera la 
estabilidad en todos los casos y la fuerza total o parcial. 
Palabras clave: Artroscopia de muñeca; Atzei 2; Atzei 3; complejo de fibrocartílago triangular; anclaje óseo sin nudo.
nivel de Evidencia: IV
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On the other hand, with their arthroscopic classification, Atzei et al. modified the concept of “hammock” of the 
TFCC by that of “iceberg”, where the visible part comprises the superficial fibers that tolerate and absorb the im-
pact, and the non-visible part are the deep fibers, responsible for the stability of this complex  (Table 2).1,3

Wrist arthroscopy is the method of choice for the diagnosis and treatment of TFCC injuries. The two most com-
monly used arthroscopic tests are the hook test for foveal injuries and the trampoline test for superficial injuries. 
The phantom test is another useful tool that is performed from the dorsal distal radioulnar portal.2,8

The technique of choice to treat lesions with TFCC instability consists of the reinsertion of the foveal fibers of 
this complex.1,2,7,8

Although open surgery achieves good long-term outcomes, arthroscopic techniques have the following advan-
tages: the injury can be fully evaluated and the associated injuries can be treated, and there is less postoperative 
stiffness and capsular damage.1,3

The objective of this study is to communicate the functional outcomes of patients with Atzei type 2/3 TFCC in-
juries operated through arthroscopic knotless anchoring, considering that it is a reliable, resistant, fast, and simple 
technique. 

INTRODUCTION
The triangular fibrocartilage complex (TFCC) is the main stabilizer of the distal radioulnar joint (DRUJ) and 

consists of the articular disc, the proximal and distal dorsal and palmar ligaments, the ulnocarpal ligaments, and 
the subcreatum ligamentus. The stability of the DRUJ depends on the TFCC, the joint capsule, the posterior 
ulna, the pronator quadratus, and the distal oblique bundle. The TFCC is a fibrocartilaginous disc with a rich 
vascularization in its ulnar zone, precarious on the radial side and null in the center of the disc.1,2 This complex 
is surrounded by fibrous structures that make up a key of rotation, loading, and translation of forces from the 
wrist to the forearm.1

TFCC injury is one of the most common causes of ulnar wrist pain, which limits activities of daily living. It is 
common in athletes with a high level of competition, due to trauma or repetitive use of the joint.1,3 That is why, in 
recent years, there has been great interest in its repair with resistant fixation techniques using bone tunnels and 
capsular anchors with hook and knotless techniques.3

Knotless anchors are a valid option for fixing ligament structures in bones, with similar outcomes to knotted 
anchors. An advantage of knotless anchors is the faster fixation technique which is just as strong as knotted an-
chors.4,5

Palmer distinguished two types of TFCC injuries, traumatic (acute) and degenerative (chronic) (Table 1).6 Acute 
injuries occur from trauma to the wrist with hyperextension and ulnar deviation, direct trauma, or activities that 
require weight bearing.1,3 Degenerative injuries are caused by repetitive activities with axial load and ulnar devia-
tion of the wrist, as well as by poor consolidation of distal radius fractures.7-9

Table 1. Palmer’s classification for triangular fibrocartilage complex injuries 

Type 1 A. Central perforation
B. Ulnar-sided injury
C. Ulnocarpal ligament injury
D. Radial-sided injury

Type 2 A. Central TFCC wear
B. Central TFCC wear plus SL or ulnar head chondromalacia, or both. 
C. Perforation of the TFCC and SL or ulnar head chondromalacia, or both.
D. 2C plus lunotriquetral ligament injury
E. 2D plus ulnocarpal osteoarthritis

TFCC = triangular fibrocartilage complex, SL = semilunate.
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MATERIALS AND METHODS
We conducted a retrospective study to analyze surgical outcomes in 12 consecutive adult patients with deep 

Atzei type 2/3 TFCC injuries, operated between January 1, 2018, and December 31, 2019. 
The inclusion criteria were: patients >18 years of age; athletes; no history of TFCC surgery or wrist arthroscopy; 

ulnar-sided wrist pain compatible with TFCC injury that limited work, sport or daily activities; positive Berger, 
Ruby, and Nakamura tests; Atzei 2/3 injuries confirmed by magnetic resonance imaging and arthroscopy; and a 
minimum postoperative follow-up of 12 months. The exclusion criteria were: previous TFCC surgery, previous ar-
throscopy of the wrist, degenerative lesions, and DRUJ osteoarthritis. We studied 12 patients (9 men and 3 women, 
10 right-handed and 2 left-handed) with unstable foveal lesions of TFCC.

Associated carpus ligament injuries were evaluated with the Geissler classification (Table 3).10 

Table 2. Atzei classification of ulnar injuries of the triangular fibrocartilage complex based on its stability, liga-
ment structures, repair potential, and suggested treatment

Type DRU 
Instability

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 Intact Broken Good Good Foveal repair

4 Severe Broken Broken Poor Good Graft reconstruction

5 Moderate/Severe Variable Variable Variable Poor Arthroplasty or salvage

DRU = distal radioulnar, TFCC = triangular fibrocartilage complex.

Table 3. Geissler classification

Types

1 Attenuation or hemorrhage as seen from radiocarpal space. No incongruity of carpal alignment. Allows the 
passage of the 1 mm probe through the midcarpal.

2 Breakage with slight incongruity. Allows the passage of the probe through the midcarpal without rotation

3 Breakage with incongruity. Allows the passage of the probe through the midcarpal with rotation.

4 Breakage with incongruity. Allows the passage of the probe between bones from the midcarpal to the radiocarpal.

In all patients, the ranges of motion of the wrist in flexion, extension, and in ulnar and radial deviations were 
objectively evaluated with a standard PVS hand goniometer, whereas grip strength was evaluated with a standard 
hydraulic dynamometer (Baseline-Orthowell®).

Subjective assessment was performed using the visual analog scale for pain, the Mayo Clinic wrist scale, and 
the DASH questionnaire.11,12

The treatment protocol was as follows: upon the first consultation for ulnar pain of the wrist, the anamnesis 
on the mechanism of trauma was obtained and then the clinical examination was performed. We used the Wait-
er, Ruby, Berger, Nakamura, and axial compression tests in three positions.13 We then requested anteroposterior 
weight-bearing radiographs and an MRI without contrast to confirm the diagnosis and immobilized the patient 
with a sugar-tong splint for three weeks. After removing the immobilization, the patient began with physiotherapy 
and we repeated the tests, if they were positive, we indicated diagnostic and therapeutic wrist arthroscopy. These 
times are based on the study of Atzei, who indicates the repair before three months after the injury to obtain good 
outcomes.
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Surgical technique
Brachial plexus block anesthesia is administered and a cuff is placed at 250 mmHg to prevent ischemia. 3/4, 6R, 

6U, MCU and MCR portals are used.
The radiocarpal and midcarpal joints are scanned for associated injuries. Then the hook, ghost, and trampoline 

tests are performed on the TFCC and the injury is classified (Figure 1).

Figure 1. Positive phantom test, compatible with foveal injury.

Synovectomy and debridement are performed on the injury. (Figure 2). Next, the TFCC guide is placed through 
the 6R portal and, under ¾ vision, the guide is placed in the 2/2 zone described by Matsumoto (Figure 3). A 2 cm 
ulnar approach is used to place the guide at the same time that it is positioned through the 6R portal; a pin is passed 
through the guide until it exits through the joint, ensuring that it is in zone 2/2. It is reamed with a 3.0 guide from 
the ulna to the joint. Then, the guide is removed and a fiberwire 2.0 suture passer is passed through the ulnar ori-
fice, penetrating the disc; this thread is removed through the 6R portal without losing it in the ulnar tunnel (Figures 
4-6). Next, a suture passer with a suture retriever is placed through the ulnar tunnel, penetrating the disc 2 mm to 
the volar or dorsal side. Then, the suture retriever is removed through the 6R portal (Figures 7-9). The thread is 
passed through the suture retriever and pulled from it through the ulnar approach, always from the  ¾ portal. It is 
observed how the suture passes into the ulnar orifice, tensing the fibrocartilage (Figures 10-12). With a 2.8 mm 
knotless anchoring device, the two ends of the threads are placed inside the fixation system and it is impacted 5 mm 
distal to the previously made tunnel (Figures 13 and 14). The trampoline and hook tests are verified to be negative, 
traction is removed and stability is tested. The portals are closed. A Munster splint (sugar-tong) is placed for four 
weeks allowing the mobility of fingers and shoulder; then, the rehabilitation program begins. During the first two 
weeks, it is performed with a permanent-use short wrist splint. The splint is only removed in rehabilitation and 
inside the house for controlled mobility of the wrist. After six weeks, a rigid wrist splint is worn only at night and 
the energetic mobility of the wrist without weight-bearing is indicated. At eight weeks, the progressive strengthen-
ing begins and the wrist splint is permanently removed.
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Figure 2. Debridement of the triangular fibrocartilage complex.

Figure 3. Guide of the triangular fibrocartilage complex in the 2/2 position.
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Figure 4. Placement of the guide through the 6R portal and ulnar incision.

Figure 5. Pin exiting through the triangular fibrocartilage complex from the ulnar tunnel.
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Figure 6. Reaming of the ulna to create the ulnar tunnel.

Figure 7. Passage of the suture passer with the suture penetrating the triangular 
fibrocartilage complex.
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Figure 8. Loop of the thread passing through the triangular fibrocartilage complex. 

Figure 9. Suture passer penetrating the triangular fibrocartilage complex with the suture 
retriever.
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Figure 10. End of the passage of the suture from the 6R portal to the ulnar tunnel.

Figure 11. The two sutures were retrieved through the ulnar tunnel.
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Figure 13. Distal reaming of the ulnar tunnel for the placement of the knotless anchor.

Figure 12. Foveal tests become negative by tightening the threads.
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RESULTS
The follow-up period for the retrospectively evaluated patients ranged from 12 to 26 months, with an average 

of 18 months. The time between injury and surgery was less than three months (acute stage) in 58.3% and more 
than three months (chronic stage) in 41.7%. The arcs of motion of the wrist were measured with a standard PVS 
handheld goniometer. The values obtained were: 85° of flexion, 70° of extension, 20° of radial deviation, and 30° 
of ulnar deviation. Grip strength was evaluated with a standard hydraulic dynamometer and a 70% strength was 
obtained compared to the contralateral hand. 

The average DASH questionnaire score was 56 (range 41-90) preoperatively and 8 (range 2-16) postoperatively. 
The Mayo Clinic wrist scale values were excellent at 83% and good at 17%, there were no poor outcomes. The 
visual analog scale yielded 8 points (range 6-10) before surgery and 2 points (range 1-3) at the end of follow-up. 
All patients regained joint stability in comparison to the healthy wrist as assessed by the Nakamura test.

All operated athlete patients resumed their sports activity without difficulties in the sixth month after surgery.
As for associated arthroscopic injuries, 30% were scapholunate injuries (6 Geissler 1, 2 Geissler 2, and 2 Geissler 

4) and 20% were lunotriquetral injuries (3 Geissler 2 and 2 Geissler 1). All associated injuries were repaired in the 
same surgical stage.

There were no infections in the population studied. 16% of the patients had paresthesia in the dorsal sensory ter-
ritory of the ulnar nerve, which disappeared spontaneously. No patient needed to be reoperated.  

Figure 14. Placement of the knotless anchor, maintaining suture tension. 
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DISCUSSION 
We conducted a retrospective study to analyze surgical outcomes in 12 consecutive adult patients with deep 

Atzei 2/3 injuries of the TFCC treated with arthroscopic knotless anchors. 83% had excellent outcomes and 17% 
had good outcomes, according to the Mayo Clinic wrist scale score. The final average DASH score was 8. All 
returned to sport activities without discomfort in the sixth month after surgery. 

Various alternatives have been published to solve this problematic condition. 
Nakamura et al. introduced the outside-in technique using two separate tunnels for foveal lesions. In their study 

of 24 wrists and a 3.5-year follow-up, the outcomes obtained were 54% excellent, 12% good, 16% fair, and 16% 
poor, according to the Mayo Clinic wrist scale.1 Shinohara et al. presented their study on foveal repair using two 
tunnels and needles in 11 patients with a follow-up of 30 months.  They obtained a grip strength of 84% and ex-
cellent results in 63% of the cases, good in 27%, and poor in 10%, according to the Mayo Clinic wrist scale. 27% 
had neuropraxia in the territory of the ulnar nerve sensory branch.7

Ma et al. compared the biomechanical outcomes in open and arthroscopic repair in cadaveric models and ob-
served that better strength results and lower ulnar translation were achieved with arthroscopic repairs.3 Atzei et 
al. performed arthroscopy on 48 patients using a foveal harpoon, with outcomes ranging from excellent to good 
on the Mayo Clinic wrist scale in 83% of cases; 85% of patients resumed sport activities at the pre-injury level, 
although 8% continued having a positive Nakamura test. The range of motion obtained was 95% for flexion-
extension and 98% for pronosupination, while grip strength was 92%, with 10% of ulnar sensory neuropathies.1

Jung et al. published a study of arthroscopic foveal repair with knotless anchors in 42 patients with a follow-up 
of 26 months. The outcomes on the Mayo Clinic wrist scale were excellent (30%), good (40%), fair (26%), and 
poor (4%), and the grip strength obtained was 69%.8 Park reported a study on the foveal arthroscopic repair of the 
TFCC through a tunnel in 17 patients with a follow-up of 30 months. The grip strength achieved was 57% and the 
outcomes were excellent and good in 83% of the patients evaluated with the Mayo Clinic wrist scale, the DASH 
questionnaire score was 35.5 before surgery and 9 after the intervention.9

The comparative data of our series and the main published series are summarized in Table 4. 

Table 4. Comparison of the outcomes with the reference series.

Outcomes Technique Patients 
(n)

Follow-up 
(months)

Grip 
(%)

DASH Score Mayo Scale 
(good or 

excellent) (%)

Sensory 
neuropathy 

Residual 
instability

(n)

Jung 
et al.

Knotless 
anchor, 
1 tunnel

42 26 70 - 71 - 2

Shinohara 
et al.

Anchor, 
2 tunnels, 

with needle

11 30 - - 93 27 -

Atzei and 
Luchetti

Harpoon 
anchor

48 30 92 42 
preoperatively 

20 
postoperatively

83 - 2

Nakamura 
et al.

2 tunnels 
with needle

24 42 - - 66 - -

Park 
et al.

Knotless 
anchor, 
1 tunnel

17 30 57% 35 
preoperatively

7 
postoperatively

83 - -

Sala 
et al.

Knotless 
bone anchor, 

1 tunnel

12 15 70 56 
preoperatively

8 
postoperatively

100 16 0
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All these authors have obtained good or excellent outcomes similar to ours, although the follow-up in our study 
is shorter. In turn, we obtained a grip strength superior to that of most of the authors and a return to sport activi-
ties in all our patients. Thanks to the advances in technology and biomechanical studies of the TFCC, we know 
that both its stability and that of the DRUJ depend on its foveal fibers. Arthroscopic repairs can be performed by 
harpoons or sutures with two tunnels, one tunnel, or without a tunnel. The aim is to achieve a stable, painless, 
and functional DRUJ.1-3,14

Based on the aforementioned studies and our case series, we consider that the arthroscopic technique for foveal 
repair is a reliable one and that knotless bone anchors are the best biomechanical option for its repair. 

From the biomechanical point of view, we believe that tunnel anchorage is superior to foveal harpoon anchor-
age, since the use of the guide allows the tunnel to be made in Matsumoto’s zone 2/2 or 2/4, enabling a ligament 
anchorage with a minimal translation of the suture until its healing and avoiding elongated ligament scarring.

Placing a harpoon in zone 2/2 or 2/4 requires the use of accessory portals and knots that technically complicate 
the surgery and prolong the surgical time.15 

The strengths of our study are the assessment of patients with a homogeneous condition, the appropriate mini-
mum follow-up, and the fact that the treatment was carried out by the same surgeon, with the same method. We 
consider that the weaknesses are the retrospective nature of the series and the limited sample of cases, as well 
as the lack of long-term follow-up. We did not have a control group to demonstrate the advantage over other 
techniques and we believe that the associated injuries added heterogeneity to the sample and may have affected 
the results.

CONCLUSION
The arthroscopic repair of Atzei 2/3 injuries using knotless bone anchors achieved acceptable and technically 

reproducible functional outcomes, improving ranges of motion and recovering DRUJ stability and grip strength 
in all cases. 
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