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Abstract

This review aims to trace the historical evolution of the triangular fibrocartilage complex (TFCC), from early
descriptions of wrist trauma and triangular fibrocartilage to the contemporary understanding of the foveal
attachment as a critical determinant of distal radioulnar joint (DRUJ) stability. A comprehensive review of
medical and historical literature was conducted, including classical medical writings, historical anatomical
texts, and landmark anatomical, biomechanical, diagnostic, arthroscopic, and surgical studies. Significant
contributions were analyzed chronologically and within their scientific contexts, identifying key conceptual
shifts that shaped the modern understanding and treatment of TFCC pathology. The history of TFCC reflects
a shift from anatomical description to functional interpretation. Early descriptions of wrist injuries gradually
evolved into a more comprehensive understanding of the relevant soft-tissue anatomy. Subsequent
anatomical and biomechanical advances established the TFCC as a functional complex involved in
ulnocarpal load transfer and DRUJ stability. The development of classification systems provided a
morphological framework for traumatic and degenerative lesions, while advances in wrist arthroscopy made
it possible to directly and dynamically assess TFCC pathology. Further anatomical and histological
investigations refined the understanding of the stabilizing role of the foveal attachment, shifting clinical
attention from the tear site to functional instability. This shift redirected surgical treatment from
debridement and peripheral suturing to anatomical foveal reattachment and reconstruction in irreparable
lesions. The evolution of TFCC knowledge can be understood through three main transitional pathways:
from structure to complex, from morphology to function, and from tear repair to stability restoration. The
modern foveal concept represents the culmination of successive advances in anatomy, biomechanics,
arthroscopy, imaging, and surgery, and provides the conceptual basis for the contemporary management of
TFCC injuries and DRUJ instability.

Categories: Orthopedics
Keywords: arthroscopic wrist surgery, distal radioulnar joint (druj), foveal attachment, historical review, tfcc,
triangular fibrocartilage complex injury

Introduction And Background

Ulnar-sided wrist pain remains a diagnostic and therapeutic challenge in hand and wrist surgery because of
the complex anatomy and functional interdependence of the structures surrounding the distal radioulnar
joint (DRUJ) [1,2]. The triangular fibrocartilage complex (TFCC) plays an essential role in ulnocarpal load
transmission and DRUJ stability [3,4]. However, the contemporary understanding of the TFCC as an
integrated anatomical and functional complex has emerged through successive advances in anatomy,
biomechanics, diagnostic techniques, and surgical treatment.

The TFCC comprises the articular disc, dorsal and palmar radioulnar ligaments, meniscus homologue,
ulnolunate and ulnotriquetral ligaments, and associated ulnar-sided capsuloligamentous structures. Among
these components, the radioulnar ligaments are particularly important for DRUJ stability. Their superficial
fibers attach near the ulnar styloid, whereas their deep fibers insert into the ulnar fovea and provide
essential restraint to DRUJ translation during forearm rotation [3-5]. This anatomical distinction has
important clinical implications. Peripheral TFCC tears with preserved foveal attachment may occur without
significant DRU]J instability, whereas disruption of the deep foveal fibers can compromise joint stability.
Consequently, tear location alone may not adequately reflect the functional significance of a TFCC injury.

Historically, the structures now recognized as components of the TFCC were not initially understood as a
unified functional system [6,7]. Early medical writings described wrist trauma without identifying the
complex soft-tissue anatomy involved. Subsequent anatomical investigations progressively characterized the
articular disc and its surrounding ligamentous attachments, establishing the morphological foundations of
modern TFCC anatomy [6,7]. A major conceptual advancement occurred in 1981 when Palmer and Werner
introduced the TFCC as an integrated anatomical and functional complex, emphasizing its contribution to
ulnocarpal load transmission and DRUJ stability [8]. Palmer’s subsequent classification provided a
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2024

systematic framework for distinguishing traumatic and degenerative TFCC lesions [9,10].

The development of wrist arthroscopy, together with increasingly detailed anatomical and histological

investigations, further refined the understanding of TFCC injury patterns [11-13]. Direct visualization and
probing enabled more precise assessment of peripheral and foveal lesions, while investigations of the deep

radioulnar ligament attachments highlighted the importance of foveal integrity in DRU]J stability [12-14].
These developments expanded clinical decision-making beyond the location of a visible tear to include
ligament attachment integrity, functional instability, and tissue reparability. Accordingly, arthroscopic

debridement, peripheral repair, anatomical foveal reattachment, and ligament reconstruction developed as
complementary, lesion-specific treatment strategies rather than successive replacements for one another

[15,16].

Although numerous reviews have examined TFCC anatomy, imaging, classification, and surgical
management, these developments have frequently been addressed as separate anatomical, technical, or
clinical subjects [17-19]. Their integration into a coherent historical narrative remains relatively limited.

Understanding the historical evolution of TFCC concepts may help clarify contemporary debates regarding

terminology, classification, diagnostic assessment, and surgical decision-making [6,20] (Table 1).

Contributor (s)

Hippocrates [21]

Kauer [22]

Miki¢ [23]

Palmer and Werner
[8]

Kuhlmann et al. [24]

Whipple et al. [25];
Roth et al. [26]

Palmer [9]

Nakamura et al.
[11-13]

Atzei et al. [15,20];
Atzei and Luchetti
[27]

Bain et al. [16]

Chen [28]; Park et
al. [29]

Ma et al. [30]

Landmark contribution

Early descriptions of wrist trauma and joint reduction

Anatomical investigation of the development of the triangular
ligament in humans

Description of age-related degenerative changes in the
triangular fibrocartilage

Characterization of the TFCC as an integrated anatomical
and functional complex

Anatomical investigation of the triangular ligament and
medial wrist compartment

Development and clinical application of wrist arthroscopy

Introduction of the classification of traumatic (Class 1) and
degenerative (Class 2) TFCC lesions

Functional and histological characterization of TFCC
anatomy, origins, and insertions

Development of arthroscopic foveal repair strategies and
classification of foveal TFCC tears in relation to DRUJ
instability

Description of anatomical foveal TFCC reconstruction using
a tendon graft

Description of arthroscopically assisted transosseous foveal
repair techniques

Systematic review comparing suture-anchor and
transosseous suture techniques for arthroscopic foveal
repair

Conceptual significance

Clinical observation preceding modern
anatomical characterization

Early developmental characterization
of the triangular ligament

Recognition of degeneration as a
distinct pathological process

Transition from an isolated anatomical
structure to a functional complex

Further characterization of the ulnar-
sided wrist anatomy

Introduction of direct intra-articular
visualization and assessment

Establishment of a systematic
morphological classification

Transition from morphological
description toward functional
understanding

Recognition of foveal integrity as a key
determinant of DRUJ stability

Expansion of treatment from primary
repair to anatomical reconstruction

Development of minimally invasive
techniques for restoring foveal
attachment

Comparative evaluation of
contemporary foveal repair strategies

TABLE 1: Historical milestones in the evolution of triangular fibrocartilage complex anatomy,
diagnosis, and surgical management.

TFCC: triangular fibrocartilage complex; DRUJ: distal radioulnar joint

The aim of this historical narrative review is to trace the evolution of TFCC knowledge from early anatomical
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descriptions to the contemporary understanding of foveal attachment and DRUJ stability. Particular
emphasis is placed on three interconnected conceptual transitions: from an isolated anatomical structure to
a functional complex, from morphological description to biomechanical interpretation, and from tear-
oriented treatment toward lesion-specific management and restoration of stability.

Review
Methodology

This historical narrative review aimed to identify and contextualize the major developments that shaped the
contemporary understanding of the TFCC, with particular emphasis on anatomy, biomechanics, diagnosis,
classification, arthroscopy, and surgical treatment.

PubMed/MEDLINE and Google Scholar were searched from database inception to May 23, 2026, using
combinations of the terms “triangular fibrocartilage,” “TFCC,” “joint disc,” “triangular ligament,” “distal
radioulnar joint, > “wrist arthroscopy,” “TFCC classification,” and

€ _—

radioulnar ligament,” “foveal attachment,”
“TFCC repair.” Reference lists of relevant publications were also examined to identify additional historically
significant sources.

Publications were selected according to their historical and conceptual significance, with priority given to
original studies that introduced or substantially advanced anatomical descriptions, biomechanical concepts,
diagnostic approaches, classification systems, arthroscopic techniques, or surgical treatment strategies.
Subsequent studies were included when they clarified or expanded upon these landmark contributions. The
relevance of identified publications was assessed by multiple authors. No restrictions were imposed
regarding publication year or study design. The full texts of included publications were reviewed, including
translated versions of relevant non-English historical sources.

The selected literature was synthesized chronologically and thematically to identify three major conceptual
transitions: from an isolated anatomical structure to a functional complex, from morphological description
to biomechanical interpretation, and from tear-oriented treatment toward lesion-specific management and
restoration of stability.

Given the historical narrative design, no quantitative meta-analysis or formal risk-of-bias assessment was
performed. Anatomical and cadaveric findings were distinguished from clinical evidence, and the
methodological limitations of diagnostic and therapeutic studies were considered when interpreting their
findings.

Before the triangular fibrocartilage complex: from ancient wrist trauma
to the triangular fibrocartilage

The historical understanding of TFCC evolved gradually from descriptions of wrist trauma to detailed
anatomical and pathological investigations. Classical medical writings, including the Hippocratic Corpus,
addressed wrist injuries but did not identify the specific soft-tissue structures or injury patterns recognized
in contemporary TFCC pathology [21].

Early anatomical investigations focused primarily on the articular disc and triangular ligament rather than
an integrated functional complex. Kauer’s developmental study in 1975 examined the relationship between
the triangular ligament, ulnar styloid, and adjacent carpal structures [22]. Subsequently, Kuhlmann and
colleagues emphasized the anatomical and functional relationships of the triangular ligament within the
ulnar-sided wrist [24]. These studies contributed to the anatomical foundations of the modern TFCC concept
without establishing its complete biomechanical significance.

An important pathological contribution was made by Miki¢ in 1978, who examined 180 wrist joints from 100
cadavers and demonstrated progressive age-related degeneration of the triangular fibrocartilage. Disc
perforations were absent during the first two decades of life but increased substantially with advancing age
[23]. Subsequent anatomical and radiological investigations further characterized the triangular
fibrocartilage and surrounding ulnocarpal structures [31].

Collectively, these findings established that structural abnormalities of the triangular fibrocartilage may
reflect degenerative processes rather than acute traumatic injury. However, the integrated biomechanical
role of the articular disc and its surrounding ligamentous attachments remained incompletely understood.
This limitation provided the foundation for the subsequent development of the modern TFCC concept.

From fibrocartilage to complex: the Palmer-Werner era

The introduction of the TFCC concept by Palmer and Werner in 1981 marked a pivotal transition from
descriptive anatomy to functional interpretation. Through anatomical dissection and biomechanical testing
of 61 specimens, they characterized the articular disc and surrounding ulnar-sided soft tissues as an
integrated functional unit rather than an isolated fibrocartilaginous structure. Their findings highlighted the
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Year

1978
1981
1989
1996
2001
2008

2015

Landmark
study

Miki¢ [23]

Palmer
and
Werner [8]

Palmer [9]

Nakamura
etal. [12]

Nakamura
etal. [13]

Atzei et al.
[15]

Atzei et al.
[34]

contribution of the TFCC to ulnocarpal load transmission and DRUJ stability [8].

Subsequent biomechanical investigations further clarified this functional relationship. Biomechanical
investigations demonstrated that distal radioulnar alignment influences load distribution across the ulnar
wrist [8]. Additional research identified an inverse relationship between positive ulnar variance and articular
disc thickness [32], while cadaveric experiments demonstrated that wrist and forearm positioning influenced
load transmission through the radius and ulna [33]. Collectively, these anatomical and experimental
findings established a biomechanical framework linking TFCC morphology, ulnar variance, and ulnocarpal
loading, although their direct clinical implications required further investigation (Table 2).

Principal contribution

Demonstrated progressive age-related degeneration and

perforation of the triangular fibrocartilage

Defined the TFCC as an integrated anatomical and

functional unit

Introduced a systematic classification of traumatic and

degenerative TFCC lesions

Distinguished distal, proximal, and ulnar components
and identified the foveal proximal component as the

functional radioulnar ligament

Histologically characterized the foveal and basistyloid

insertions of the radioulnar ligament

Introduced a treatment-oriented framework for
peripheral TFCC tears and described arthroscopic foveal

reattachment

Reported all-inside arthroscopic foveal repair using
direct DRUJ arthroscopy and suture-anchor fixation

Conceptual
advance

Structural defect
— degenerative
pathology

Structure —
complex

Complex —
clinical
morphology

Morphology —
function

Function —
anatomical
substrate

Visible tear —
functional lesion

Peripheral repair
— anatomical
reattachment

Lasting clinical significance

Established that structural
abnormalities may represent
degeneration rather than acute trauma

Established the foundation of the
modern TFCC concept

Provided a common language for
diagnosis and treatment

Linked the deep foveal attachment to
DRUJ stabilization

Provided the anatomical basis for
foveal reattachment

Integrated foveal integrity, DRUJ
instability, and repair strategy

Demonstrated restoration of DRUJ
stability through targeted foveal repair

TABLE 2: Landmark studies shaping the contemporary understanding and treatment of the TFCC.

TFCC: triangular fibrocartilage complex; DRUJ: distal radioulnar joint

The next significant development was the transformation of this framework into a clinically applicable
classification. In 1989, Palmer divided TFCC lesions into two categories: Class 1 traumatic and Class 2
degenerative abnormalities; traumatic lesions were further classified according to their anatomical location
[9]. This morphology-based system provided a common language for TFCC pathology and profoundly
influenced subsequent diagnosis and treatment. The biological significance of lesion localization has been
reinforced by microvascular studies showing that TFCC is predominantly peripheral, while its central

portion is essentially devascularized [35].

Arthroscopy and the rise of the foveal concept

The development of wrist arthroscopy marked a major advancement in the understanding of TFCC
pathology. During the 1980s, improvements in small-joint instrumentation and arthroscopic techniques
facilitated systematic examination of the wrist. Whipple and colleagues described reproducible approaches
to wrist arthroscopy, while Roth, Poehling, and Whipple further contributed to its development as a

diagnostic and therapeutic procedure [25,26].

Beyond direct visualization, arthroscopy enabled dynamic assessment of TFCC integrity through probing
and evaluation of tissue tension. Increasing anatomical knowledge revealed the functional distinction
between superficial peripheral attachments and the deep radioulnar ligament fibers inserting into the ulnar
fovea. Because these deep fibers contribute substantially to DRUJ stability, apparently similar peripheral
tears may have different functional consequences depending on foveal attachment integrity [14,27].
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Atzei and Luchetti incorporated this anatomical distinction into the “iceberg” concept, emphasizing that a
superficial peripheral lesion visible during radiocarpal arthroscopy may conceal a deeper foveal detachment
[27]. Arthroscopic examination subsequently evolved to include complementary diagnostic maneuvers. The
trampoline test primarily assesses TFCC tension, whereas the hook test evaluates the integrity of its deep
foveal attachment. A clinical study and a cadaveric assessment reported better diagnostic performance of
the hook test than the trampoline test for identifying foveal detachment; the cadaveric findings do not, by
themselves, establish clinical outcomes [36,37].

Thus, wrist arthroscopy transformed TFCC assessment from predominantly morphological observation
toward functional evaluation. The central diagnostic question expanded beyond tear localization to include
foveal attachment integrity and DRUJ stability. This conceptual shift established an important foundation
for contemporary lesion-specific TFCC management.

Evolution of diagnosis and repair: from tear detection to restoration of
stability

The evolution of TFCC diagnosis and treatment has closely paralleled advances in anatomical and
biomechanical understanding. Before cross-sectional imaging and arthroscopy, diagnosis relied primarily on
clinical examination and conventional radiography. Wrist arthrography subsequently enabled the detection
of TFCC perforations through contrast communication between the radiocarpal and distal radioulnar joints,
although its ability to characterize tear morphology and functional instability remained limited [38].
Magnetic resonance imaging (MRI) and magnetic resonance arthrography (MRA) subsequently improved the
assessment of TFCC injuries. Although these modalities have enhanced the detection of structural
abnormalities, particularly with MRA, imaging findings do not directly establish the mechanical stability of
the DRUJ [39].

Surgical management evolved in parallel with these diagnostic advances. Arthroscopic debridement
provided symptomatic improvement in selected TFCC lesions, as supported by subsequent clinical studies
[40,41]. Recognition of regional vascularity and healing potential encouraged repair of suitable peripheral
tears rather than routine excision. However, peripheral repair alone may be insufficient when the deep foveal
attachment is disrupted, and DRU]J instability persists [14,20]. Thus, debridement, peripheral repair, and
foveal reattachment address different injury patterns rather than representing interchangeable treatments.

The recognition of foveal attachment integrity shifted the surgical objective toward restoration of the
stabilizing radioulnar ligament insertion. Arthroscopic foveal repair can be performed using transosseous
sutures or suture-anchor fixation. Transosseous techniques have been described in technical and clinical
reports [28,29], while a systematic review of 26 studies involving 904 patients reported improvements in
pain and functional outcomes after both fixation approaches, with follow-up ranging from 6 to 106 months
[30]. However, much of the available evidence is derived from observational studies with heterogeneous
patient populations, surgical techniques, and follow-up periods. Consequently, the absence of demonstrated
superiority of one technique should not be interpreted as evidence of equivalent effectiveness. When the
residual tissue is irreparable, ligament reconstruction may be considered to restore DRUJ stability.

These developments illustrate a transition from detecting structural lesions toward evaluating their
functional consequences. Contemporary TFCC management therefore requires integration of tear
morphology, foveal attachment integrity, tissue reparability, and DRU]J stability. The therapeutic objective is
not simply closure of a visible tear, but restoration of a stable and functional wrist.

The modern triangular fibrocartilage complex: lessons from history and
unresolved questions

Despite substantial advances in anatomy, imaging, arthroscopy, and surgical repair, the understanding of
TFCC continues to evolve. Anatomical boundaries and terminology remain incompletely standardized. A
comprehensive review identified inconsistencies in the definitions of TFCC components, particularly the
radioulnar ligaments, ulnar attachments, and ulnar collateral ligament, emphasizing the need for
standardized anatomical nomenclature [42]. Similar challenges persist in classification. Although the Palmer
system remains useful for describing tear morphology, contemporary classification approaches increasingly
consider additional anatomical and functional characteristics. Combined tear patterns that do not fit neatly
into conventional categories further illustrate the limitations of classification based solely on lesion location
[43,44].

Another unresolved issue concerns the relationship between structural abnormalities and clinical

symptoms. In an MRI study of 103 asymptomatic volunteers, TFCC abnormalities were identified in 39
wrists, including 23 complete tears [45]. A subsequent pooled analysis demonstrated that the prevalence of
TFCC abnormalities increases with age, irrespective of symptoms [46]. These findings emphasize that
imaging abnormalities should be interpreted alongside clinical examination. Furthermore, recent diagnostic
research suggests that MRI may identify TFCC injuries more reliably than it characterizes the precise location
and extent of foveal involvement [47].

2026 Ergin et al. Cureus 18(11): €119428. DOI 10.7759/cureus.119428 50f9


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

Cureus

Part of SPRINGER NATURE

The same distinction applies to treatment. The foveal concept advanced TFCC surgery by emphasizing
restoration of the stabilizing attachment rather than closure of the visible tear alone. Nevertheless, foveal
repair is indicated for selected lesions and does not replace debridement or peripheral repair in other tear
patterns. DRUJ stability depends on the interaction of intrinsic and extrinsic stabilizers, including the TFCC,
interosseous membrane, pronator quadratus, osseous morphology, and surrounding soft tissues [48]. Recent
evidence suggesting that patient-specific factors beyond the repaired TFCC may influence recurrent
instability further supports this broader functional perspective [49].

Historically, the central lesson is not that one anatomical model replaces another, but that successive
advances expand the understanding of TFCC function and pathology. Knowledge has progressed from
isolated structure to functional complex, from morphology to biomechanics, and from tear-oriented
treatment toward restoration of stability (Figure I).

STRUCTURE COMPLEX MORPHOLOGY FUNCTION STABILITY RESTORATION

‘Triangular fibrocartilage / Integrated anatomical ‘Tear morphology and Functional lesion and From tear repair to

articular disc complex classification DRUJ stability restoration of stability

=5 =5 = |

« The TFCC viewed as a single « Recognition that TFCC is « Focus on location, pattern, « Understanding that stability + Treatment goal shifts to

fibrocartilaginous structure. composed of multiple and type of TFCC lesions. depends on integrity of key anatomical reattachment
« Focus on anatomy and e + Development of systematic sabiluing onreconstructioniofithe

particularly the deep foveal foveal insertion.

morphology. * Components work together | classification (traumatic et Rment

« Limited understanding of
function.

to stabilize the distal
radioulnar joint (DRUJ) and
ulnocarpal articulation.

vs degenerative; central vs

peripheral, etc.).

« Morphological assessment

« Foveal competence rather
than visible tear becomes

+ Transosseous and anchor-
based techniques developed.

 Restoration of DRUJ stability

« Shift from single structure Becmetantralis the:déterminant 6ADRUY becomes the ultimate

to functional unit. didgnoi; stability. therapeutic objective.

L

|

5 : : . Morphological Functional lesion ;
PARADIGM Single anatomical Multi-component e . Restoration of stability |
SHIFT structure > functional complex > R .ot » i > as the primary goal |
of lesions assessment |
)

The understanding of the TFCC has evolved from a static anatomical structure to a dynamic stabilizing system of the distal
radioulnar joint, in which restoration of foveal competence is essential for DRUJ stability.

FIGURE 1: Paradigm shift in the understanding and treatment of the
triangular fibrocartilage complex.

TFCC: triangular fibrocartilage complex; DRUJ: distal radioulnar joint

Future developments in dynamic imaging, biomechanical assessment, and individualized treatment
strategies may further refine this evolving framework.

Limitations, recommendations, and future perspectives

This historical narrative review provides an integrated perspective on the evolution of TFCC anatomy,
diagnosis, and surgical management. However, several limitations should be acknowledged. First, its
narrative design does not permit quantitative comparisons or systematic assessment of the strength of
evidence. Furthermore, the limited accessibility of early anatomical sources, changes in terminology, and
differences between historical and contemporary research methodologies complicate the interpretation of
certain developments. Finally, heterogeneity in lesion classification, assessment of DRU]J instability, surgical
techniques, study designs, and follow-up duration limits definitive conclusions regarding the comparative
effectiveness of different treatment approaches.

Current evidence suggests that TFCC pathology should not be evaluated solely based on tear morphology.
Foveal attachment integrity, DRU]J stability, concomitant intra-articular lesions, tissue reparability, and
patient-specific characteristics should also be considered. Future studies should therefore adopt
reproducible classification systems incorporating both anatomical and functional findings. Correlation of
imaging abnormalities with clinical examination and, when indicated, arthroscopic assessment remains
essential for distinguishing incidental degenerative changes from clinically significant lesions. Surgical
outcomes should be evaluated using standardized measures of DRUJ stability, pain, patient-reported
function, complications, and long-term clinical results.

Future research should further clarify the relationship between TFCC anatomy, biomechanical function, and
clinical outcomes. Well-designed multicenter prospective studies with adequate sample sizes, standardized
outcome measures, and long-term follow-up are needed to compare transosseous foveal repair, suture-
anchor fixation, and anatomical reconstruction in appropriately selected patient populations. Such
investigations may help establish more reliable, lesion-specific treatment strategies and strengthen the
evidence supporting restoration of DRUJ stability as a central objective of contemporary TFCC surgery.

Conclusions
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The historical evolution of TFCC reflects a transition from anatomical description to functional
understanding. Once regarded primarily as an isolated fibrocartilaginous structure, the TFCC is now
recognized as an integrated anatomical and biomechanical complex, with the foveal attachment playing a
critical role in DRUT stability. This evolving understanding has reshaped diagnostic and therapeutic
approaches, shifting attention beyond tear morphology toward functional integrity and lesion-specific
management. Three major conceptual transitions characterize this progression: from structure to complex,
from morphology to function, and from tear-oriented treatment toward restoration of stability. These
principles continue to guide contemporary TFCC assessment and treatment while providing a foundation for
future anatomical, biomechanical, and clinical research.
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