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Morphology of the ulnar insertion of the triangular fibrocartilage

complex and related osseous landmarks

Abstract

Purpose: In triangular fibrocartilage complex (TFCC) injuries, a foveal
tear of the radioulnar ligament (RUL) often requires surgery. Previous
studies have suggested that surgeons should attach the TFCC to the
center of the fovea because repaired eccentric fibers might tear or cause
a loss of forearm rotation. The TFCC and its insertion points are small
structures, and few studies have reported details of the foveal insertion.
This study aimed to clarify the morphology of the ulnar insertion of the

TFCC and related osseous landmarks with three-dimensional imaging.

Methods: This study used 26 formalin-fixed cadavers. At the ulna, the
TFCC was inserted from the fovea to the middle part of the ulnar styloid.
After gross observation of the TFCC, the ulnar insertion was outlined

using a 1.0 mm drill. We then created three-dimensional images of the
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ulna using computed-tomography and marked (with software) an outline
of the foveal insertion of the TFCC. We measured the area and the long

and short diameters of the TFCC insertion.

Results: The area of the TFCC insertion was 34 mm? and positively
correlated with the height of the ulnar styloid and the area of the ulnar
head. The TFCC’s highest point was 58% of the ulnar styloid height. The
center of the TFCC insertion was 1.3 mm ulnar and 0.6 mm dorsal from

the lowest point of the ulnar surface.

Conclusions: The center of the TFCC insertion was slightly ulnar of the
lowest point of the ulnar surface. This study revealed the center, the area,

and the osseous relation of the ulnar insertion of the TFCC.

Clinical relevance: When surgeons repair a TFCC foveal tear, they can
find the anatomical center of the ulnar insertion efficiently and easily

based on the osseous relationship.
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Introduction

The triangular fibrocartilage complex (TFCC) is a fibrocartilage-

ligament complex that spans the ulna, the radius, and the carpus.! The

distal hammock-like structure and the dorsal and volar radioulnar

ligament (RUL) comprise this complex.! The RUL arises from the radial

sigmoid notch and inserts into the ulna in two separate sites.? The deep

fiber inserts into the foveal region with an obtuse angle of attack, and the

superficial fiber attaches around the ulnar styloid with an acute angle of

attack.”® In this anatomical feature, the deep component more effectively

stabilizes the distal radioulnar joint (DRU]J) than the superficial

component does throughout forearm rotation.??
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The TFCC 1is a biomechanically effective intrinsic radioulnar

component and is the primary stabilizer of the DRUJ.?** Other extrinsic

stabilizers are the extensor carpi ulnaris tendon and tendon sheath,

pronator quadratus, bone, capsule, and interosseous membrane.**

Anatomical and biomechanical studies revealed the function of the RUL

during pronation-supination.>* A previous report revealed that in

forearm pronation, dorsal superficial fibers of the RUL must be tightened

for stability, as do the deep volar fibers of the RUL. Conversely, in

supination, the palmar superficial fiber of the RUL should be tightened,

as do the deep dorsal fibers of the RUL.>®> An RUL tear at the ulnar

insertion causes ulnar-side pain or DRU]J instability and often requires

surgery.® Although previous studies revealed the morphology and

biomechanics of the TFCC, detailed information about foveal
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attachment is not clear.!®® Even using high-resolution magnetic

resonance imaging, visualization of this small insertion is challenging.!*

16

This study aimed to clarify the accurate point of foveal insertion of

the TFCC, and related osseous landmarks with three-dimensional (3D)

computed tomography imaging. This method is useful for measuring the

distance and area of insertion at the unevenly shaped ulnar head.!?

Materials and Methods

The ethics committee at our institution approved this study

(No.MH2018-075). A sample of convenience comprising 35 cadaveric

left-upper limbs (18 from males and 17 from females) were dissected.

These cadavers were donated to our institute for education and research
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purposes. The mean age at the time of death was 81 (range, 67 to 97)

years. All specimens had been fixed with 10% formalin and preserved in

50% alcohol for 6 months according to our institution’s protocol. Of the

35 specimens, eight specimens with severe macroscopic changes and one

limb with an ulnar insertion tear of the TFCC were excluded. Thus, 26

limbs (14 males and 12 females) remained for this study. The mean width

of the ulnar head (volar-dorsal length) was 19 mm and 16 mm for the

males and females, respectively. The mean width of the ulnar head

(radial-ulnar length) was 18 mm and 16 mm for the males and females,

respectively. Among these, 15 specimens had a damaged disc.

The limbs used in this study were amputated in the middle part of
the forearm. Dissection began by removing the skin and subcutaneous
tissue on the forearm, and flexor and extensor tendons. Next, we

detached the wrist joint capsule from the carpal bones, removed the
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carpal bones, and exposed the joint surface of the radius and ulna. After
carefully separating the wrist joint capsule from the TFCC, we could see
the outlines of the TFCC. We were able to distinguish the TFCC fiber
from the capsule, as it was a nonligamentous soft tissue. We subsequently
detached the TFCC from the radius to expose the ulnar insertion (Fig.
1). After gross observation, we outlined the ulnar insertion of the TFCC

using a 1.0 mm drill (Fig. 2).
Three-dimensional visualization

The ulna was scanned using a 16-row multi-slice computed
tomography scanner (ECLOS; Hitachi Medical Corporation, Tokyo,
Japan) and all digital imaging data were transferred to a dedicated
software (Mimics version 19.0; Materialise N.V., Belgium) to create 3D
images of the ulna. After creating the 3D images, the ulnar insertion of
the TFCC and its related osseous landmarks were measured. All analyses

were performed with the 3D images.

Determination of the TFCC insertion in the horizontal plane
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In the horizontal plane, we drew a circle on the outline of the ulnar
head and then set the ulnar styloid on the X-axis (Fig. 3). The center of
the circle was defined as point O. The first author marked the TFCC
insertion area according to the drill hole (Fig. 3). The software defined
the center of the TFCC insertion as point T. The lowest point of the ulnar
surface in the 3D view was defined as point L, which is an easily
recognized osseous landmark on the surface of the ulna. We measured
the linear distance between point O and point T and between point T

and point L.
Measurements of the TFCC insertion in the horizontal plane

The area of the TFCC insertion was marked according to the drill
hole and measured using software. The first author measured the long
and short diameters of the TFCC insertion and the area of the ulnar head
in that plane (Fig. 3). Finally, the first author examined the correlation

between the area of the TFCC insertion and the area of the ulnar head.

Measurements of the TFCC insertion in the coronal plane
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In the coronal plane, we marked the apex of the ulnar styloid, the
highest point of TFCC insertion of the ulnar styloid, and the lowest point
of the ulnar surface (point L) (Fig. 4). We defined the height from point
L to the apex of the ulnar styloid as the height of the ulnar styloid. Then,
the height from point L to the highest point of the TFCC insertion to the
ulnar styloid was measured. Finally, we examined the correlation between

the area of the TFCC insertion and the height of the ulnar styloid.

The first author measured the parameters and used the mean of
the two measurements as the final value. The accuracy of the 3D models
generated by the computed tomography data had a mean error of 0.2 £
0.31 mm (mean * standard deviation) or about one-third of the pixel

7

size.!” The correlation was analyzed using Pearson’s correlation

coefficient test, and P<0.05 was considered statistically significant.
Results

Location of the center of the TFCC insertion
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In the horizontal plane, point T was 4.1 £ 1.1 mm (range, 6.7 to
2.1) ulnar and 0.1 = 0.6 mm (range, -1.1 to 1.3) dorsal from point O.
Point T was 1.3 £ 0.9 mm (range, 3.2 to -0.57) ulnar and 0.6 = 0.9 mm
(range, 1.7 to -1.4) dorsal from point L. Point L was 2.8 = 1.4 mm (range,

6.0 to 0.5) ulnar and 0.6 = 1.2 mm (range, 2.7 to -1.9) palmar from point

O (Fig. 5).
Measurements of the TFCC insertion

The area of the TFCC insertion was 34 = 22 mm?. The area of the
ulnar head was 230 £ 51 mm?. The long diameter of the TFCC insertion
was 9 = 2 mm and the short diameter of the TFCC insertion was 6 = 1

mm (Figs. 3, 6, 7). The area of the TFCC insertion positively correlated

with the area of the ulnar head (R=0.70, P<0.05) (Fig. 8).
Relationship of the TFCC insertion and ulnar styloid

In the coronal plane, the ulnar styloid height was 5 &= 1 mm. The

highest point of the TFCC was 3 = 1 mm (58% of the ulnar styloid

10
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height). The area of the TFCC insertion positively correlated with the

height of the ulnar styloid (R=0.57, P<0.05) (Fig. 9).
Discussion

This study revealed the location of the center of the TFCC

insertion as being slightly ulnar from the lowest point of the ulnar surface.

We were unable to distinguish the RUL into the proximal and deep

component macroscopically. Shin et al. independently identified deep

and superficial components in a cadaver study using dissecting

microscope.'’ In their study, the average distance between the fovea

center and ulnar head center was 2.4mm. Point L identified in our study

is close to their fovea center. They mentioned that loose connective tissue

filled the insertion site between the deep and superficial fibers. In our

study, we reserved this tissue because it was difficult to separate in the

11
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macroscopic dissection. Our findings would be regarded as outline of the

insertion of both the deep and superficial components described by Shin

et al.'? Biomechanical studies reported that the deep component provides

more stability than the superficial component and that the foveal origin

was more important.>*!® Kataoka et al. demonstrated the

pronosupination center of the ulnar head in 3D images.!” They described

the ulnar head in the horizontal plane as a circle similar to our 3D image.

In their report, the pronosupination center was located approximately 2.6

mm ulnar and slightly palmar from the center of the ulnar head.” Based

on a comparison of their data and our results, point L identified in our

study is close to the above mentioned pronosupination center. As point

T consists of both deep and superficial insertions, the center of the deep

component of the RUL would be more radial than point T. We reckon

12
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that point L can act as the center of the deep component of the RUL to

which surgeons should attach the TFCC. Further biomechanical studies

are necessary in relation to this concept.

In the present study, the ulnar insertion area of the RUL was
approximately 34 mm? and it was inserted into the fovea at approximately
58% of the height of the ulnar styloid. The DRU]J has both rotational and
translational movements.*!*?° In supination, the ulna is located palmar
relative to the radius, and in pronation, it is more dorsal. #1%?° Tay et al.
conducted an in-vivo kinematic analysis of forearm rotation.”! They
showed that the axis at the DRU]J varied depending on the forearm. The
relatively large TFCC insertion area in our study is consistent with those
findings. This suggests that depending on the forearm position, different
parts of the RUL fibers are responsible for the in-vivo variability of the
forearm axis. Currently, several surgical methods for ulnar insertion
injury of the TFCC have been reported and reattachment to the fovea is

the principal strategy.””*** Few studies discuss the size of the

13
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attachment area. Iwasaki created a 2.9 mm osseous tunnel at the fovea,
indicating a 2.9 mm diameter attachment area in their method.? Further,
the ulnar RUL insertion area showed a positive correlation with the area
of the ulnar head and the height of the ulnar styloid. Our results showed
an ulnar RUL insertion mean of 9 mm as the long and 6 mm as the short
diameter. Although a greater attachment area may stabilize both, the
proximal and distal components, it could cause a loss of forearm rotation.
Biomechanical and clinical studies are needed to clarify the optimal size

of the foveal attachment.

In previous reports regarding TFCC repair, surgeons were unable to

792224 T the future,

distinguish the superficial and deep components.
with the development of new and improved surgical instruments and
techniques, surgeons will be able to reattach the deep component of the
RUL and superficial component independently. In the future, surgeons
trying to reproduce the superficial component may need to work more

towards the ulnar side than the anatomical center. Additional studies are

necessary to elucidate this potential challenge.

14



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

In this study, the center of the ulnar insertion was 1.3 mm ulnar and
0.6 mm dorsal from the lowest point of the fovea. The osseous
relationship might be a good landmark during surgery. There are several
ways to target and identify an attachment point, such as direct vision,
palpation, C-arm X-ray, and targeting devices.”*> When skilled,
knowledgeable surgeons use targeting devices or palpation, they usually
find the lowest point of the fovea and the anatomical center of the RUL

insertion quickly and easily.

This study has several limitations. First, the mean age of the

cadavers was 81 years. Although we excluded severe macroscopic

changes and an ulnar insertion tear of the TFCC, 15 specimens had a

damaged disc. It might affect degeneration of the ulnar insertion of the

TFCC. Deformity or spur formation of the ulnar head might have

affected the identification of the TFCC and osseous landmarks. Second,

we used formalin-fixed specimens. Embalmed specimens cannot

15
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adequately represent in vivo conditions and might have affected the

dissection of the TFCC and soft tissues. Third, this study used an

accurate method of 3D measurement and visualization, however this

technique involved human dissection and subjective decisions regarding

the TFCC insertion, which may have led to error and bias. We used a 1.0

mm drill for outlining the TFCC, and this could have affected the

measurements. However, the software was unable to clearly visualize a

hole less than 1.0 mm. Fourth, we investigated the ulnar insertion of the

RUL: however, the anatomical relationships between the TFCC and the

surrounding soft tissues are also important. We were unable to explore

the soft tissue relationship in this study. Finally, we did not investigate

the isometric point of the RUL insertion or stability of the DRU]J.

Although we clarified the anatomical point of attachment, we are

16
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uncertain as to whether it is clinically optimal. A biomechanical study is

necessary to validate the clinical application of this study.
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Figure Legends

Fig. 1 Dissected ulnar head and TFCC of the left wrist. The TFCC inserts

from the fovea to the middle part of the ulnar styloid.

Fig. 2 The ulnar insertion of the TFCC is outlined using a 1.0 mm drill.

Fig. 3 Horizontal plane of the ulnar head. The arrow heads indicate the
drill holes. The red dot indicates the center of the circle formed by the
ulnar head (point O). The yellow dot indicates the center of the TFCC
insertion (point T), and the blue dot indicates the lowest point of the

fovea (point ). The red area shows the insertion area of the TFCC.
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Fig. 4 Coronal plane of the ulnar head (palmar view). The orange dot,
black dot, and blue dot indicate the apex of the ulnar styloid, the highest
point of the TFCC insertion, and the lowest point of the ulnar surface,
respectively. The yellow dot indicates the center of the TFCC insertion.
The large arrow and small arrow indicate the height of the ulnar styloid

and height of the TFCC insertion, respectively.

Fig. 5 In the original coordinate plane in the horizontal view of the ulnar
head, the origin of the coordinates is at the center of the circle formed by
the ulnar head. The ulnar styloid is on the X-axis. Yellow dots plot the
centers of the TFCC, and the large yellow dot indicates the mean position.
The blue dots indicate the lowest point of the ulnar surface, and the large

blue dot indicates the mean position.

Fig. 6 Dorsal view of the ulnar head.
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341 Fig. 7 Multidirectional view of the ulnar head.
342

343 Fig. 8 The TFCC insertion area is positively correlated with the area of

344 the ulnar head (R = 0.70, P <0.05).
345 TFCC: triangular fibrocartilage complex
346

347 Fig. 9 The TFCC insertion area is positively correlated with the height of

348  the ulnar styloid (R=0.57, P<0.05).
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