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Abstract

Purpose: This study aims to describe and biomechanically evaluate a novel technique using a strip of the flexor
carpi ulnaris tendon for distal radioulnar joint reconstruction.

Methods: Surgical technique was thoroughly detailed, and a cadaveric biomechanical test was conducted to
evaluate sagittal plane stability. Pronosupination range of motion was measured before and after the procedure.
Dorsal and volar translation resistances were checked in three situations: with the uninjured triangular fibrocartilage
complex, after its complete resection and after the surgical procedure.

Results: For distal radioulnar joint translation, higher values were found both in dorsal and volar translation in
situations with an injured triangular fibrocartilage complex, with means equal to 25.4 mm (SD: 9.4 mm) and 26.1
mm (SD: 8.0 mm), respectively. For intact triangular fibrocartilage complex, both dorsal and volar translations
averages were 3.4 mm (SD: 0.9 mm) and 4.5 mm (SD: 1.8 mm), respectively. Finally, when evaluating dorsal and volar
translations after surgical reconstruction, means were 6.3 mm (SD: 1.3 mm) and 6.8 mm (SD: 0.9 mm), respectively.
Regarding supination and pronation range of motion, which ranged from 57.9 to 63.4o, there were no differences
in mean and median measures, when the cadavers with intact and reconstructed triangular fibrocartilage complex
were compared (p > 0.05).

Conclusion: Promising mechanical evaluations encourage us to hypothesize that the technique effectively
reconstructs the dorsal and volar radioulnar ligaments, preserving pronosupination and maintaining the
physiological characteristics of the wrist joint. Clinical comparative studies are still necessary to fully validate this
procedure.

Level of evidence: Therapeutic - Level V.
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Background
The distal radioulnar joint is mainly stabilized by the
triangular fibrocartilage complex (TFCC), which is
composed by the homologous meniscus, the extensor
carpi ulnaris tendon sheath, and by the volar and dorsal
ulnocarpal and radioulnar ligaments [1, 2].
The distal radioulnar functions are tensioning the

interosseous membrane to control the pronosupina-
tion movement, transferring load from carpus to
forearm, and maintaining the anatomical relationship
and stability between the radius and ulna [1, 3–5].
Therefore, distal radioulnar joint injuries may gener-
ate instability and consequently cause pain and func-
tional impairment.
The most important associated factor to generate

distal radioulnar joint injury is the distal radius fracture,
especially when it occurs with the forearm in pronation
[6]. Estimates reveal that 3–37% of these fracture
patterns can concurrently damage the triangular fibro-
cartilage complex (TFCC) [7].
In an acute set of distal radioulnar joint reconstruc-

tion, the recommended treatment for subluxation man-
agement is joint fixation with forearm in supination or
ligament repair through an open or arthroscopic proced-
ure. In chronic injuries with arthritis, well-established
surgical options include arthroplasty [8], bone resection
[9], and arthrodesis [10]. In chronic injuries without
arthritis, especially in patients with high functional de-
mand, several treatment possibilities are currently avail-
able. However, a gold standard surgical procedure still
lacks in the literature. In such cases, treatment aims to
restore joint stability by using surrounding soft tissues as
grafts. For distal radioulnar ligament reconstruction,
most techniques generally use tendons passed through
bone holes in the distal end of the radius and ulna [7,
11]. The smallest number of bone tunnels should be
used to prevent iatrogenic fractures. Moreover, a free
graft has the disadvantage of losing its vascularity while
a tendon flap preserves circulatory viability and elastic
properties [7].
Therefore, a ligament reconstruction which preserves

the dynamic properties of this complex joint while adds
a minimal surgical morbidity must be achieved whenever
possible.
This study aims to describe and biomechanically test a

novel surgical technique for chronic non-arthritic distal
radioulnar joint instability, with the least number of
bone tunnels as possible and using a vascularized flap of
tendon.

Methods
Surgical technique
With the cadaver placed in supine position and the
upper extremity supported on an accessory table, a 6 cm

dorsal, longitudinal, and straight skin incision was
performed at the level of the distal radioulnar joint
(Fig. 1-a). Dissection was proceeded in planes, with
exposure of the extensor retinaculum (Fig. 1-b), which
was incised longitudinally, opening the fifth extensor
compartment and the distal radioulnar joint capsule,
with identification of the TFCC (Fig. 1-c). The sixth
extensor compartment floor and the extensor carpi
ulnaris tendon sheath were protected and maintained
intact [4]. To simulate a radioulnar joint instability,
TFCC structures are intentionally damaged with a
scalpel. To be the nearest as possible of the anatom-
ical origin of the radioulnar ligaments, a K-wire was
inserted under fluoroscopy, to be sure of the correct
positioning and then a bone tunnel was made with a
4.0 mm drill bit from a dorsal to volar direction at
the ulnar aspect of the distal radius, 1.0 cm proximal
to the articular surface and 1.0 cm radial to the sig-
moid notch (Fig. 1 - d) [12]. Tunnel positioning must
be precise, since the bone bridge left at the sigmoid
notch margin is small and thin and creates a potential
risk for iatrogenic fracture. Through the same ap-
proach, the ulna was reached, with identification and
protection of the dorsal cutaneous branch of the
ulnar nerve. The second bone tunnel was then made,
with a 2.5 mm drill bit, at the base of the ulnar styl-
oid process, also located 1.0 cm proximal to the
articular surface (Fig. 1 - e). It was, as well, directed
from dorsal to volar, searching to reproduce, as simi-
lar as possible, the ligament insertions. A 4 cm
centrally longitudinal volar skin incision was then
performed at the distal third of the forearm (Fig. 2 -
a). After dissection and identification of anatomical
structures, the flexor carpi ulnaris was isolated (Fig. 2
- b) For graft harvesting, two transverse approaches
were performed on the volar aspect of the middle
and proximal thirds of the forearm, over the path of
the flexor carpi ulnaris tendon (Fig. 2 - c), splitting it
longitudinally all over its length with a width of ap-
proximately 4 mm to resemble radioulnar ligament
width [13] (Fig. 2 - e). The half strip was carefully
cut proximally, close to myotendinous junction, taking
care to leave the other half intact to preserve function
(Fig. 2 - d). The distal part of the strip was kept at-
tached and the graft was passed under the anatomical
structures of the carpal tunnel to prevent local com-
pression and then through the radial tunnel from the
volar to dorsal direction, using a steel wire or tendon
strainer to facilitate the procedure [2] (Figs. 2 - f and
Fig. 3 - a). In the dorsal approach, the graft was
passed back through the same radial tunnel, from
dorsal to volar (Fig. 3 - b), maintaining a dorsal loop
with a Kelly clamp inspired in the Bunnell technique.
The graft was then passed from volar to dorsal
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through the ulnar tunnel (Fig. 3 - c), and in the
dorsal approach, it was passed into the previously
formed dorsal loop. The distal radioulnar joint was
then reduced with the forearm in supination and the
graft was tensioned, which led to reduction and
stabilization in all planes (Figs. 3 - d and e). A 1.5
mm Kirschner wire, passed from ulnar to radial, 1 cm
proximal to the bone tunnels, was used to fix the
joint, helping maintenance of reduction.
After maximum manual tensioning, the distal end of

the graft was sutured to itself with a 3.0 Nylon stitch,
thereby achieving joint reduction and stability in both
coronal and sagittal planes (Fig. 3 - f).
Figure 4 depicts the surgical technique for distal radio-

ulnar joint reconstruction (Fig. 4).

Biomechanical assessment
Ten fresh frozen cadavers without signs of injuries or
previous surgeries on the upper extremities were used

to perform the presented surgical technique on a total
of 20 wrists. Sample calculation was comparable to
previous similar studies (Table 1). Mean and median
of the number of forearms used in each of the five
studies were calculated. Using these values, a mini-
mum of 6.5 cadavers were required for biomechanical
tests.
All procedures were performed by the same

fellowship-trained, board-certified hand surgeon.
First, five cadavers were used to verify technique feasi-

bility and reproducibility. After a step-by-step descrip-
tion of the surgical procedure, another cadaver was used
as a pilot for mechanical test definition to measure dor-
sovolar translation resistance, range of movement before
and after surgical technique, and flexor carpi ulnaris
graft size. The final four cadavers, totaling eight repro-
ductions, were used to perform biomechanical tests.
Three of them were female and one was male, aged 29,
44, 67, and 77 years.

Fig. 1 a Dorsal view of the wrist with the marked skin incision; (b) Dorsal view depicting the extensor retinaculum; (c) L-shaped capsulotomy
with joint exposure; (d) Radial tunnel drilling; (e) Dorsal view of the wrist showing the radial and ulnar tunnels
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Pronosupination range of motion was measured
before and after the procedure using G-proR meas-
urement software. The forearms were positioned on
a table over a displacement measuring ruler with a
device holding the ulna in neutral rotational posi-
tioning (Fig. 5). Dorsal and volar translation resis-
tances were checked using an X-TranR electric
dynamometer in three situations: with the uninjured
triangular fibrocartilage complex, after its complete
resection and after the surgical procedure. Dyna-
mometer insertion point was determined in a bone
tunnel created with a 4.0 mm drill bit at the radial
metaphyseal transition, presenting no interference
with described technique.
Traction force used was individualized for each fore-

arm, and the chosen value was based on the maximum
displacement measured with the integrity of the triangu-
lar fibrocartilage complex. Identical traction force was

maintained with the resected TFCC and after perform-
ing the described technique.

Results
After reproducing the described surgical steps in five ca-
davers, four additional cadavers were used to analyze
pronosupination range of motion after the procedure as
well as dorsal and volar stabilities.
Considering eight forearms in which tests were

performed, the length of flexor carpi ulnaris strip
used as a graft ranged from 111 to 155 mm (mean
132.9 mm, SD: 14.6 mm). Unused flexor carpi ulnaris
strip length ranged from 0 to 34 mm (mean 13.0
mm, SD: 11.8 mm). Widths of the radius and ulna
metaphyseal regions in the coronal plane were mea-
sured 1 cm proximal from their articular surfaces, at
the region where the bone tunnels were performed.
The radius width varied from 25 to 34.4 mm (mean

Fig. 2 a Volar view of the wrist with the marked skin incision; (b) Volar approach showing the flexor carpi ulnaris; (c) Proximal and distal skin
incisions with identification of the flexor carpi ulnaris; (d) Tendon strip release until the myotendinous junction; (e) Volar view of the wrist
depicting the tendon strip graft; (f) Cerclage wire for graft placement from volar to dorsal

Ferreira et al. Journal of Experimental Orthopaedics            (2020) 7:75 Page 4 of 9



29.4 mm), and the ulna width varied from 16.3 to
24.6 mm (mean 19.2 mm). Forces applied to the eight
forearms were 11, 15 and 16 kg (mean 14.5 and SD:
2.2 kg), which corresponded to the forces that caused
the maximum displacement during the translation
load, with the intact triangular fibrocartilage
complex.
Table 2 depicts statistics regarding comparative char-

acteristics. For distal radioulnar joint translation, higher
values were found both in dorsal and volar translation in
situations with an injured TFCC, with means equal to
25.4 mm (SD: 9.4 mm) and 26.1 mm (SD: 8.0 mm), re-
spectively. For intact TFCC, both dorsal and volar trans-
lations averages were 3.4 mm (SD: 0.9 mm) and 4.5 mm
(SD: 1.8 mm), respectively. Finally, when evaluating dor-
sal and volar translations after surgical reconstruction,
means were 6.3 mm (SD: 1.3 mm) and 6.8 mm (SD: 0.9
mm), respectively (Table 2).

Analyses of the medians indicated a similar behavior
when comparing dorsal and volar translations.
Statistically significant differences existed when

volar and dorsal translations were compared among
wrists presenting intact TFCC, injured TFCC and
after distal radioulnar ligament reconstruction (Table
2). However, differences between values of post-
surgical translations and TFCC with integrity were
significantly lower compared to the differences of
values with injured or intact TFCC. Differences were,
respectively, between 2 and 3 mm and between 19
and 22 mm (Table 2). Although not considered statis-
tically similar, dorsal and volar translation values after
applying the technique were very close to those of
preserved anatomy, not being considered clinically
relevant.
Regarding supination and pronation range of motion,

which ranged from 57.9 to 63.4o, there were no

Fig. 3 a Radial tunnel with volar to dorsal graft pathway; (b) Dorsal view of the wrist showing the dorsal tendon loop; (c) Dorsal view of the wrist
showing the tendon placed through the ulnar tunnel; (d) Dorsal view showing tendon graft tensioning; (e) Red lines depicting tendon graft
tensioning; (f) Suture of the tendon graft. Observe the K-wire for joint reduction maintenance
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Fig. 4 Technique illustration depicting the distal ulnar joint before (a and b) and after (c and d) tendon graft tensioning. Observe joint
congruency and stability in both sagittal and coronal planes

Table 1 Sample calculation according to previous studies

Article Publication year Journal Sample details Number of
forearms

Ulnotriquetral augmentation tenodesis: A reconstructive
procedure for dorsal subluxation of the distal radioulnar
joint [14]

1982 The Journal of
Hand Surgery

8 patients 8

Biomechanical evaluation of distal radioulnar
reconstruction [15]

1993 The Journal of
Hand Surgery

6 fresh cadaveric forearms 6

Reconstructive Procedure for Unstable Radial-Sided Triangular
Fibrocartilage Complex Avulsions [16]

2005 The Journal of
Hand Surgery

10 preserved cadaveric
forearms

10

Comparison of Distal Radioulnar Joint Reconstructions Using
an Active Joint Motion Simulator [1]

2005 The Journal of
Hand Surgery

11 fresh cadaveric forearms 11

Palmar reconstruction of the triangular fibrocartilage complex
for instability of the distal radioulnar joint: a biomechanical
study [6]

2013 The Journal of
Hand Surgery
(European vol.)

7 fresh cadaveric forearms
(elderly 71–93 years old)

7

Mean (forearms) 8.5

Median (forearms) 6.5
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differences in mean and median measures, when the ca-
davers with intact and reconstructed TFCC were com-
pared (p > 0.05) (Table 2).

Discussion
Distal radioulnar joint disorders are relatively common
and may substantially impair forearm and wrist func-
tioning. Some treatment options for chronic injuries re-
main controversial, mainly in a healthy joint without
arthritis, and several surgical techniques are currently
available.
Adams and Divelbiss classified treatment possibil-

ities for chronic instability without arthritis in four
groups: a) extra-articular radioulnar connection, b)
indirect radioulnar connection with tenodesis or ulno-
carpal tenoplasty, c) dynamic muscle transfer, and d)
radioulnar ligament reconstruction, considered a gold
standard treatment since it preserves pronosupination
kinematics [17]. The novel technique presented in
this study is included in the last abovementioned
group. An ideal indication for the technique would be
a young patient with no arthritis, presenting pain,
weakness, and limited pronosupination range of
motion due to chronic instability.
Compared to the previously described techniques

for distal radiolunar reconstruction, this novel tech-
nique using a strip of the flexor carpi ulnaris tendon

for joint reconstruction intend to present potential
advantages: diminished iatrogenic risk of fracture,
due to the two small tunnels with limited diameters;
sufficient graft length for reconstruction, without
need for any additional augmentation procedure; util-
izing just one flap of the flexor carpi ulnaris, thereby
preserving local vascularity and elastic properties of
the graft when compared to a free graft [15]; preserv-
ing flexor carpi ulnaris function, since part of the
tendon still remains intact keeping its origin and in-
sertion; tunnel positioning and graft placement trying
to mimetize the original ligament anatomy, address-
ing stability while maintaining normal range of pro-
nosupination; preserving the extensor carpi ulnaris
sheath and the sixth extensor compartment floor, im-
portant stabilizers of the distal radioulnar joint; and
after graft tensioning, the graft is sutured into itself,
conferring sagittal and coronal stabilization as dem-
onstrated by biomechanical translation tests. It is
noteworthy that, although no complications occurred
during the cadaveric surgical procedures, some key
points must be pointed out to optimize the tech-
nique: bone tunnels must be precise to prevent iatro-
genic fractures; a steel wire or tendon strainer should
be used to facilitate the passage of the tendons
through the bone tunnels.
When the anteroposterior translation of the distal

radioulnar joint, in cadavers with an intact TFCC and
the ones with a reconstructed joint, was compared, dif-
ference does exist, even though small, which is expected
for any technique of reconstruction. However, although
this difference is very close to the preserved anatomy,
one cannot disregard the potential risk of long-term
osteoarthritis. What is important to show is the huge
difference observed when cadavers with a ruptured
TFCC were compared to the ones with the recon-
structed ligament with the present technique, which
confirms its efficacy.
The ideal reconstruction technique in any situation

is the one that stabilizes the joint without restricting
range or motion. In the particular case of the distal
radioulnar joint, preservation of the pronosupination
range of motion is one of the goals [18–20]. This
novel technique did it, since there was no difference
between the intact and the reconstructed joint, re-
garding range of motion.
Study limitations are related to the technique being

performed on cadavers. Tests to measure reconstruction
strength and tension were performed, but variations may
occur since cadaver tissue presents diminished elasticity
[6, 16]. In addition, tests on cadavers can lead to tissue
fatigue after consecutive analyses [1, 15, 16]. To over-
come this potential drawback and decrease fatigue effect
in the present study, only one resistance test was used

Fig. 5 Dynamometer evaluating dorsal radius translation
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for each procedure. Finally, studies on cadavers disconsi-
der physiological tissue healing.
A clinical study is currently being conducted by the

authors to evaluate the safety and efficacy of this prom-
ising technique for anatomic radioulnar joint reconstruc-
tion in chronic instability without arthritis.

Conclusion
This novel technique for distal radioulnar joint recon-
struction using a strip of the flexor carpi ulnaris
provides efficient stability in biomechanical volar and
translation tests. Moreover, pronosupination range of
motion is fully preserved and maintains the physio-
logical characteristics of the wrist joint. Although
clinical studies are still necessary to fully validate this
procedure, our experimental findings are both promis-
ing and encouraging.
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Table 2 Compared characteristics (translation and pronosupination)

Compared characteristics Mean (SD) p value* Median
(IIQ)

p value** Min; Max

Dorsal translation – intact TFC (mm) 3.38 (0.9) < 0.001 3 (1) 0.012 2; 5

Dorsal translation without TFC (mm) 25.38 (9.4) 23.5 (14) 14; 40

Mean difference (without TFC – with FCT) 22.00 (9.1)

Dorsal post-surg translation (mm) 6.25 (1.3) < 0.001 6 (2.5) 0.011 5; 8

Dorsal translation without TFC (mm) 25.38 (9.4) 23.5 (14) 14; 40

Mean difference (without TFC – post-surg) 19.13 (9.6)

Dorsal translation – intact TFC (mm) 3.38 (0.9) < 0.001 3 (1) 0.016 2; 5

Dorsal post-surg translation (mm) 6.25 (1.3) 6 (2.5) 5; 8

Mean difference (post-surg – with TFC) 2.87 (1.4)

Volar translation – intact TFC (mm) 4.5 (1.8) < 0.001 4 (2.5) 0.012 3; 8

Volar translation without TFC (mm) 26.13 (8.0) 25.5 (7) 12; 40

Mean difference (without TFC – with TFC) 21.63 (9.1)

Volar translation post-surg (mm) 6.75 (0.9) < 0.001 7 (0.5) 0.012 5; 8

Volar translation without TFC (mm) 26.13 (8.0) 25.5 (7) 12; 40

Mean difference (post-surg – without TFC) 19.38 (8.3)

Volar translation – intact TFC (mm) 4.5 (1.8) 0.004 4 (2.5) 0.016 3; 8

Volar post-surg translation (mm) 6.75 (0.9) 7 (0.5) 5; 8

Mean difference (post-surg – intact TFC) 2.25 (1.5)

Pre-surgical supination (degrees) 59.5 (13.0) 0.453 59 (24.5) 0.362 45; 76

Post-surgical supination (degrees) 57.9 (15.6) 53.5 (28.5) 39; 78

Mean difference (post-surg– pre-surg) −1.6 (5.8)

Pre-surgical pronation (degrees) 63.4 (6.7) 0.285 62.5 (7) 0.204 54; 76

Post-surgical pronation (degrees) 59.8 (8.7) 57 (15.5) 49; 72

Mean difference (post-surg– pre-surg) −2.6 (6.4)

SD Standard deviation.
TFC Triangular fibrocartilage complex.
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