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Abstract

Purpose of Review The triquetrum is the second most commonly fractured carpal bone, comprising 15-18% of all carpal bone
fractures. This review summarizes the current knowledge of triquetral fractures, including the anatomy and pathophysiology,
evaluation and diagnosis, treatment and management, post-treatment outcomes, and complications.

Recent Findings Triquetral fractures are frequently caused by impaction of the ulnar wrist after a fall on an outstretched hand or
by avulsion of attached ligaments. There are three main types of triquetral fractures: dorsal cortical fractures, triquetral body
fractures, and volar cortical fractures. Dorsal cortical fractures are the most common and are usually benign, while volar cortical
fractures are the least common and can be problematic. Nonsurgical management is indicated for most triquetral fractures, which
usually results in good outcomes. Surgical treatment is indicated for fractures with significant displacement or evidence of
instability. Complications of triquetral fractures include non-union, triangular fibrocartilage complex injury, and pisotriquetral
arthritis.

Summary While less common than scaphoid fractures, triquetral fractures should remain in the differential diagnosis for patients
with ulnar-sided wrist pain after falling on an outstretched hand. Most triquetral fractures can be treated with immobilization,
though they should be thoroughly evaluated due to their potential to result in instability, loss of motion, and arthrosis. Further
research is needed to determine the best method of surgical treatment.

Keywords Triquetrum - Triquetral fractures - Carpal fractures - Carpal bones - Wrist fracture

Introduction Anatomy

The wedge-shaped triquetrum is found in the proximal row of
the carpus [1]. It is the second most common carpal fracture,
behind the scaphoid, comprising 15-18% of all carpal bone
fractures, which in turn consist of 8%—19% of all hand and
wrist surgeries [2—4]. This review summarizes the current
knowledge of triquetral fractures, including the relevant anat-
omy and pathophysiology, evaluation and diagnosis, treat-
ment and management, post-treatment outcomes, and reported
complications.
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The triquetrum has three facets for articulation with adjacent
carpal bones. The flat facet on the ulnar surface of the
triquetrum articulates with the lunate, the concave facet on
the distal surface articulates with the hamate, and the oval
facet on the volar surface articulates with the pisiform [1].
The articulations between the carpal bones form a concavity
for the transverse carpal arch [5]. The triquetrum participates
in the motion of the midcarpal and radiocarpal joints of the
wrist [6, 7].

Extrinsic ligaments attach the triquetrum to the ulna and
radius. On the dorsal surface, these ligaments include the dor-
sal radiotriquetral and dorsal ulnotriquetral ligaments.
Similarly, extrinsic ligaments on the volar surface include
the volar radiotriquetral, volar ulnotriquetral, and
radiolunotriquetral ligaments [8—10]. The volar ulnotriquetral
ligament is a part of the triangular fibrocartilage complex
(TFCC), which stabilizes the distal radioulnar joint [11]. The
relevant intrinsic ligaments of the wrist include the
scaphotriquetral, lunotriquetral, triquetrohamate, and
triquetrocapitate ligaments [10].
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Pathophysiology

Triquetral fractures are more commonly caused by impaction
by adjacent bony structures or avulsion of attached ligaments
rather than a direct blow, as the surrounding carpal bones
protect the triquetrum from direct impact [12]. The most com-
mon type of triquetral fracture is a dorsal cortical fracture
involving the dorsal ridge, accounting for 93-95% of all
triquetral fractures [13e, 14]. This can occur through impac-
tion by the ulnar styloid or hamate as well as through an
avulsion mechanism from the dorsal radiotriquetral or dorsal
scaphotriquetral ligaments [12, 13+, 15, 16].

While falling onto an outstretched hand with the wrist in
extension and ulnar deviation appears to be the most common
cause of triquetral fractures, there are other mechanisms [17,
18]. Impaction by the ulnar styloid is one mechanism based on
radiographic images and chisel-like morphology of the ulnar
styloid [19]. It has been shown that individuals with a longer
ulnar styloid process are more likely to experience dorsal cor-
tical fractures, further supporting this theory [15]. Hocker and
Menschik proposed a mechanism based on their radiographic
analyses that triquetral fractures are caused by the impaction
of the triquetrum by the proximal hamate with the wrist in
extension [12]. Later, Becce et al. used magnetic resonance
imaging (MRI) to analyze patients with dorsal cortical frac-
tures. This study argues that while fractures caused by impac-
tion were the most common, a significant number of fractures
were still caused by avulsion. Regardless of the mechanism, it
has been reported that two thirds of all fractures had dorsal
radiotriquetral ligament tears, and more than three-quarters
had dorsal scaphotriquetral ligament tears [16].

Avulsion fractures with associated dorsal radiotriquetral
and scaphotriquetral ligament injuries suggest an injury mech-
anism that involves wrist flexion with radial deviation, in con-
trast to the previously mentioned mechanism of an extended,
ulnarly deviated wrist [18, 20]. It is believed that triquetral
fractures can be caused by both mechanisms. This is further
qualified as Becce et al. reported that while a few patients
sustained injuries with the wrist in flexion, the majority of
patients presented with the wrist in extension [16].

Garcia-Elias developed a system to distinguish the patterns
of dorsal cortical fractures: Type 1 fractures are nondisplaced,;
Type 2 fractures are partially displaced at the proximal end;
Type 3 fractures are partially displaced at the distal end; Type
4 fractures have a completely displaced fragment; Type 5
fractures have multiple completely displaced fragments; and
Type 6 injuries have a fracture line through the coronal plane
in which the dorsal side is displaced [15]. The most common
type supported by multiple studies is Type 1 [12, 15, 16].
Dorsal cortical fractures can be managed with non-surgical
treatment with successful outcomes.

The second most common type of triquetral fracture is
fracture of the triquetral body [2, 13¢]. Triquetral body
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fractures are often associated with perilunate fracture disloca-
tions, which are present in 12% to 25% of all triquetral frac-
tures [14, 17]. These injuries tend to result in transverse frac-
tures, sometimes involving the proximal pole. Other mecha-
nisms of injury include axial dislocations and crush injuries,
resulting in fractures in the sagittal plane which can flatten the
transverse carpal arch. Higher energy trauma tend to produce
more comminuted fractures [2, 21]. Other associated wrist
injuries with triquetral body fractures include lunotriquetral
ligament injury, scaphoid fractures and distal radius and/or
ulna fractures [2, 18].

A subtype of body fractures can have fracture line exten-
sion into the pisotriquetral joint, which is caused by shearing
forces of the distally and dorsally deviated pisiform on the
volar medial surface of the triquetrum. Pisiform impaction is
usually caused by falling onto an outstretched hand with the
wrist in extension [22¢]. These fractures may result in pisiform
instability or pisotriquetral arthritis [22+, 23]. While triquetral
body fractures are typically associated with another injury,
isolated triquetral body fractures can occasionally occur
[24]. Displaced triquetral body fractures have been reported
and the underlying cause of the fractures was a fall onto an
outstretched hand with the wrist in extension [25, 26].

The third and least common types of triquetral fracture are
volar cortical fractures. These are usually caused by avulsion
of the volar ulnotriquetral or lunotriquetral ligaments but may
occur through volar scaphotriquetral and radiolunotriquetral
ligament avulsion [2, 13, 27]. Lunotriquetral ligament tears
and joint instability can occur as a result [27]. Worse progno-
sis has been reported for this variant of triquetral fracture as
there is the potential for carpal instability associated with pos-
sible soft tissue injury [14, 27].

After scaphoid fractures, triquetral fractures are the second
most common carpal fracture to present in the absence of
additional injuries unrelated to the direct fracture mechanism
[2]. It is estimated that between 50 and 70% of all triquetral
fractures occur in this manner, with some studies reporting up
to 80% [12]. Most of these fractures are dorsal cortical frac-
tures. Triquetral body fractures are usually associated with a
higher energy mechanism of injury [14].

Evaluation and Diagnosis

A history of excessive load or falls onto the outstretched hand
with the wrist in extension should raise concern for a triquetral
fracture. Dorsal cortical fractures are most commonly associ-
ated with falls with an extended wrist that is also ulnarly de-
viated. A triquetral fracture typically presents as ulnar-sided
wrist pain that is worse with wrist flexion and extension.
Patients typically complain of dorsal swelling and localized
tenderness over the dorsal edge of the triquetrum [2, 3, 12,
13, 14]. Some authors believe wrist flexion may be more
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painful than wrist extension in dorsal cortical fractures be-
cause of increased fracture displacement during flexion [12,
17].

There is no single best view for detecting all variants of
triquetral fractures and multiple radiographs should be evalu-
ated together (Fig. 1). Most recommend a combination of
posteroanterior (PA), lateral, 45-degree pronated oblique,
and radial deviation views [2, 27]. Dorsal cortical fractures
are best visualized using the 45-degree pronated oblique and

Fig. 1 Dorsal cortical fracture of the triquetrum. a PA and lateral
radiographic images of a triquetral fracture of the dorsal cortical pattern.
b Corresponding sagittal CT images of the dorsal cortical fracture. ¢ Axial
CT image of the fracture (Figure is in separate file)

lateral views [13e, 17]. Triquetral body fractures involving the
pisotriquetral joint and volar cortical fractures are better visu-
alized when all three views (PA, lateral, and 45-degree
pronated oblique) are obtained [2, 14, 22¢, 23]. Volar cortical
fractures in which the volar cortical fragment is obscured by
the hamate or the triquetral body are best detected with the
radial deviation view [21, 27].

Triquetral fractures are frequently difficult to detect on
plain radiographs. Welling et al. reported only being able to
visualize 20% of all triquetral fractures through standard x-
rays [28]. Krastman et al. reported the sensitivity of repeated
physical and x-ray examination after initial examination in
detecting triquetral fractures to be less than the sensitivity of
repeated examination in detecting other carpal fractures
[29+]. Thus, computerized tomography (CT) can be used to
detect occult triquetral fractures if clinical suspicion is high.

MRI may be used if carpal instability is suspected, concern
exists for extrinsic carpal ligament injury, or if occult triquetral
fractures are suspected with a negative CT scan [14, 16, 21].
Carpal instability, which can be present in volar cortical frac-
tures, is best evaluated with MRI [21, 27]. MRI can also help
identify any bony edema in occult fractures or abnormal
vascularity—a potential consideration in the athletic popula-
tion [13e, 18].

Treatment and Management

Nonsurgical management is recommended for the majority of
triquetral fractures, especially for the dorsal cortical or
nondisplaced fracture pattern. Triquetral fractures largely re-
spond favorably to immobilization for 4-6 weeks as they be-
come an asymptomatic fibrous union. In this way, most
triquetral fractures are well tolerated even without a true bony
union.

Depending on clinical suspicion, multiple views of plain
film can be obtained and followed by more advanced imaging
as necessary. Need for advanced imaging will largely depend
on concomitant injuries and clinician judgment. First-line
treatment is conservative with immobilization in a volar splint
with the wrist in slight extension for a week. Once the swelling
subsides, most authors state that the patient can be transitioned
to a short arm cast [2, 3, 13+, 21]. At 4 weeks, they can be
transitioned to a removable wrist splint and begin weight bear-
ing with transition to all activities by 8 weeks out of the brace
[3, 12, 21, 30].

Surgical treatment should be considered for fractures with
significant displacement or those associated with fracture dis-
location concerning for instability. For triquetral body fracture
dislocations, Porter and Seehra reported good outcomes using
an open dorsal approach with Herbert bone screw fixation
followed by stabilization of the lunotriquetral joint with
Kirschner wires (K-wires) from the triquetrum into the lunate.
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Final follow-up showed reduced wrist flexion by 20° and
extension by 10° with no signs of instability [25].

To treat transverse body fractures in the context of
perilunate dislocation, Leung et al. utilized multiple K-wires
for fixation, while Rhind et al. stabilized the triquetral fracture
using a headless compression screw [31, 32¢]. Following sur-
gery, Leung et al. immobilized the wrist and arm using a short
arm cast for 6 weeks followed by a removable brace for 4
more weeks with the K-wires removed 8 weeks after the sur-
gery. The recovery was overall satisfactory, and full return to
physical activity was observed, with wrist flexion reduced by
10° and extension by 15 degrees at final follow-up [31]. On
the other hand, Rhind et al. immobilized the wrist for only
6 weeks. Wrist flexion was reduced by 15° with no reduction
in wrist extension after surgery [32¢].

For triquetral body fractures extending into the
pisotriquetral joint and associated with pisiform subluxation,
Suzuki et al. showed that the surgical excision of the pisiform
can result in the elimination of pain [23]. Gan et al. also
showed that open reduction and internal fixation of the
triquetrum with an interfragmentary screw can restore wrist
function [33]. But for those without pisiform subluxation,
Athanasiou et al. demonstrated that nonsurgical immobiliza-
tion was sufficient even if the fracture extended into the
pisotriquetral joint [22¢].

Lunotriquetral ligament injury is known to be associated
with triquetral body fractures and should be appropriately
treated through pinning if unstable [2]. Other associated inju-
ries include scaphoid fracture in the context of perilunate in-
jury [18].

For triquetral fractures involving the volar cortex, treatment
should focus on the restoration of carpal stability [21]. There is
no consensus on whether such fractures require fixation. In
their studies of volar cortical fractures caused by avulsion,
Smith and Murray reported that neither nonsurgical splinting
nor arthroscopic debridement with synovectomy eliminated
pain and instability entirely 1 year after the injury [27].
Generally, surgical treatment should be considered if there is
clinical concern for carpal instability or fracture dislocation.

Outcomes

Triquetral fractures can be treated satisfactorily with immobi-
lization in most cases. Hocker and Menschik reported that
86% of patients in their study experienced significant pain
reduction following 3 weeks of wrist immobilization [12].
For fracture patterns other than dorsal cortical, there have also
been reports of good outcomes with 6 weeks of immobiliza-
tion [22¢, 24]. Supervised occupational therapy and wrist ex-
ercises are recommended [30]. It is reported that reduction in
wrist pain and return of motion can be expected 68 weeks
after beginning non-operative treatment [12].
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Outcomes of surgical treatment are more variable as vari-
ous methods of treatment have been reported. Studies reported
different levels of recovery of wrist motion and function, but
all recoveries were determined to be satisfactory [25, 31, 32].
Arthroscopic debridement with synovectomy, as reported by
Smith and Murray, does not appear to lead to reliable pain
relief at one year postop [27].

Complications

Overall, complications are rare, and most triquetral fractures
can be treated as benign injuries with good results. However,
it is important for clinicians to be mindful of concomitant
injuries. Dorsal cortical fractures are associated with TFCC
injury, which may necessitate TFCC debridement and
synovectomy [34].

Triquetral fractures may occasionally result in fibrous non-
union, but these are usually asymptomatic and patients are
likely to have good functional outcomes in terms of pain re-
duction and recovery of wrist motion [3, 18, 21]. In the rare
instance of a symptomatic non-union, a treatment option could
be to excise the fracture fragment as done in hamate fractures
[35]. Another option is to consider fixation using headless
mini-compression screws [26]. Depending on the fracture pat-
tern, both options appear supported by the literature and can
be utilized as deemed appropriate by the treating surgeon [26,
35].

Pisotriquetral arthrosis may also develop as a result of a
fracture extending into the pisotriquetral joint or from a rare
symptomatic triquetrum non-union [22e, 23]. The incidence is
not known. Pisiform excision can be considered for symptom-
atic pisotriquetral arthritis with good outcomes [36].

Conclusion

Triquetral fractures should be in the differential diagnosis for
those presenting with ulnar-sided wrist pain in the context of
falling on an outstretched hand, though scaphoid fractures are
more common. Fractures are usually caused by indirect trau-
ma through impaction of surrounding bony structures or by
avulsion of attached ligaments to the triquetrum. Of the three
types of triquetral fractures, the dorsal cortical fracture pattern
is the most common type and the most well characterized in
terms of diagnosis and treatment. While most triquetral frac-
tures can be treated satisfactorily with immobilization, it is
important to consider the mechanism of injury and surround-
ing soft tissue injury in pursuing further imaging. CT or MRI
can be useful to determine occult fracture, instability, or liga-
ment injury. Surgery is generally indicated for symptomatic
nonunion, instability, or fracture dislocation. This can be ei-
ther percutaneous pinning or open fixation with screws, with
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outcomes using either generally being satisfactory. There is no
consensus on the best treatment for these fractures and further
studies are needed to compare these treatments.
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