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Abstract A common distal radio-ulnar joint (DRUJ)
stabilisation procedure uses a tendon graft running from
the lip of the radial sigmoid notch to the ulnar fovea and
through a bony tunnel to the ulnar shaft, before being
wrapped round the distal ulna and sutured to itself. Such
graft fixation can be challenging and requires a consider-
able tendon length. The graft length could be reduced by
fixing the graft to the ulna using a bone anchor or
interference screw. The aim of this study was to compare
the strength of three distal ulna graft fixation methods
(tendon wrapping and suturing, bone anchor and interfer-
ence screw). Four human cadaveric ulnae were used. A
tendon strip was run through a tunnel in the distal ulna and
secured by: (1) wrapping round the shaft and suturing it to
itself, (2) a bone anchor and (3) an interference screw in the
bone tunnel. Load to failure was determined using a
custom-made apparatus and an Instron machine. Maximum
failure load was highest for the bone anchor fixation (99.3±
23.7 N) followed by the suturing (96.2±12.1 N), and the
interference screw fixation (46.9±5.6 N). There was no
significant difference between the tendon suturing and bone
anchor methods, but the tendon suturing was statistically
significantly higher compared to the interference screw (P=
0.028). In performing anatomical stabilisation of the DRUJ
fixation of the tendon graft to the distal ulna with a bone

anchor provides the most secure fixation. This may make
the stabilisation technique less demanding and require a
smaller tendon graft.
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Introduction

Trauma to the distal radio-ulnar joint (DRUJ) can result in
pain and instability [4]. The radial sigmoid notch of the
DRUJ is shallow and does not fully maintain the joint’s
stability, which mainly depends on surrounding ligaments,
particularly the dorsal and volar DRUJ ligament [7]. In
cases of DRUJ instability causing functional problems and
ulna-sided wrist pain, reconstruction and stabilisation of the
DRUJ may be required.

Adams and Berger described an anatomical reconstruc-
tion of the DRUJ [2]. In this technique, two tunnels are
drilled, one in the ulna and one in the radius. The tendon
runs through the radial tunnel and its two limbs are then
brought to the ulnar fovea and passed through the ulnar
tunnel. The two limbs of the tendon emerging from the
ulnar tunnel are wrapped round the distal ulna and sutured
to each other. Clinical evaluation of this procedure has
yielded good results. In a series of 12 patients 11 were
stabilised, recovering full range of motion and 85% grip
strength [3]. However, this stabilisation technique requires a
substantial length of tendon to allow wrapping round the
ulna and suturing back to itself which may not always be
available. In addition, we have found the technique
whereby the tendon is wrapped round the distal ulna and
sutured to itself technically demanding; maintaining suffi-
cient tension on the tendon to keep the DRUJ reduced
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whilst suturing the two ends together is often difficult.
Using a bone anchor or interference screw for graft fixation
would require a shorter tendon graft. In addition, especially
in the case of the interference screw, the graft tension can
be easily maintained whilst the screw is inserted.

The aim of this study was to compare the strength of
three graft fixation methods (tendon wrapping and suturing,
bone anchor and interference screw) to the distal ulna.

Materials and Methods

Four fresh frozen human cadaveric ulnae were used. They
were thawed and stripped of all soft tissue. A 3.5 mm tunnel
was drilled in each bone from the fovea to the distal ulnar
shaft as described by Adams and Berger [2]. One tendon was
harvested from its corresponding forearm. Two-millimeter-
wide tendon strips were obtained from the tendon. One 2-mm
strip was then inserted through the ulnar tunnel so that a
tendon loop protruded from the ulna head and two ends
protruded from mouth of the tunnel at the ulnar shaft. The
decision to use a 3.5-mm tunnel and 2-mm tendon strips was
based on a preliminary investigation using saw-bone (Saw-
bones®, UK) and pig tendons (Taylor’s Butchers, Preston,
Lancashire). The dimensions were such that the tunnel was
accommodating two lengths of tendon with a loop projecting
from the ulna head and the tendon ends from the shaft. The
preliminary tests showed that a 2.0-mm diameter graft could
comfortably run twice through a 3.5-mm diameter tunnel. A
thicker tendon could not run through twice, and a thinner
tendon had a loose fitting.

The ulna was rigidly fixed using a custom-made clamp.
The tendon loop emerging through the fovea end of the
tunnel was loaded using a tendon hook attached to an
Instron® machine. The bone–tendon construct was orien-
tated so that the tendon loop was aligned with the direction
of pull exerted by the Instron® machine (Fig. 1). Loading
was set at 5 mm per minute.

Each ulna–tendon construct was taken though the
following three protocol steps:

1. The two graft ends emerging from the shaft end of the
ulnar shaft tunnel were wrapped round the ulna and
sutured to each other with a 3-0 vicryl whip suture
(Ethibond; Ethicon, Somerville, NJ; Fig. 2). The ulna–
tendon construct was loaded to failure.

2. The sutured-ends of the tendon were removed. A bone
anchor (Mini Bio-suture Tack bone anchors, Arthrex,
UK) was used to fix the tendon to the distal ulna
adjacent to the mouth of the ulnar shaft tunnel (Fig. 3).
The ulna–tendon construct was again tested to failure.

3. The sutured-ends of the tendon were again removed
and the tendon was fixed to the ulnar tunnel using an

interference screw (3×8 mm, non-cannulated Bio-
Tenodesis screw, Arthrex, UK; Fig. 4) that was inserted
though the ulna shaft tunnel end. The ulna–tendon
construct was again tested to failure

The method of failure was noted and maximum load (N)
recorded following each protocol step. Data was recorded
using BlueHill® materials testing software.

Statistical Analysis

Paired analysis was performed with each ulna acting as its
own control. Paired t-test was used for analysis (SPSS,
version 14). Statistical significance was established at the P<
0.05 level.

Results

The maximum load to failure was highest for the bone
anchor fixation (99.28±23.69 N, mean±standard devia-
tion), followed by the simple suture fixation (96.23±
12.07 N) and the interference screw fixation (46.90±
5.64 N, Fig. 5). There was no significant difference
between the simple suture and bone anchor methods (P=
0.09), but the simple suture was significantly higher
compared to the interference screw (P=0.028).

No ulnae fractured during testing. All sutured tendons
failed by failure of the suture. All bone anchor fixations
failed at the suture by slipping. All interference screw
fixations failed by slipping of the tendon through the
tunnel.

Figure 1 Custom-made ulna clamp and hook for attaching the tendon
to the Instron® machine showing simple suture fixation being tested.
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Discussion

DRUJ instability is a commonly encountered condition.
The key ligamentous stabilisers of the DRUJ are the volar
and dorsal DRUJ ligaments which are components of the
triangular fibrocartilage complex [1, 10]. Several stabilisa-
tion techniques have been described. An anatomical
reconstruction of the volar and dorsal DRUJ ligaments
has been described by Adams and Berger [2]. However, the
procedure is technically demanding, and requires a sub-
stantial length of tendon graft. The aim of this biomechan-
ical study was to investigate the potential use of alternative
fixation methods of the tendon graft to the ulna.

Fixation of the tendon graft to the ulna using interference
screw or bone anchor has several potential theoretical
advantages. The need to wrap the graft around the ulna is

removed reducing the length of tendon graft required. In
addition, these fixation methods do not require a suture to
be tied whilst maintaining the graft under tension, which is
technically demanding.

The results of this study suggest that the fixation of the
tendon graft to the ulna using a bone anchor can be as
secure as to that proved by wrapping the two ends of the
tendon graft round the ulna and suturing them to each other.
This would be clinically important as bone anchor fixation
is much less technically demanding and can be achieved
with a shorter tendon graft length.

It was surprising to see that the fixation strength when
using a double graft fixed by one interference screw is
lower than that achieved by suturing of the two tendon ends
and lower than that achieved with a bone anchor. This is in
contrast to previous reports showing that interference screw
fixation provides more stable constructs as compared to
suture tacks and bone anchors [5, 6, 9]. Investigators have
demonstrated that for small-diameter interference screws
fixing a single graft, the optimum graft:tunnel ratio is 60–

Figure 4 Fixation with an interference screw being tested in the
Instron® machine.

Figure 5 Maximum load for each different fixation technique.

Figure 2 Fixation by wrapping the two ends of the tendon graft
round the ulna and suturing them to each other.

Figure 3 Fixation with a bone anchor.
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90% [8]. Our graft:tunnel ratio was slightly higher than this
(two 2-mm diameter grafts through a 3.5-mm diameter
tunnel) because we felt that grafts less than 2 mm diameter
would be too thin for clinical use in DRUJ stabilisation. In
addition, we felt that a tunnel greater than 3.5 mm in
diameter would exceed 1/3rd of the distal ulna width and
could predispose to fracture. The difference between our
results and previous reports may be due to the fact that two
tendon strips were fixed in the bone tunnel in this study but
only one tendon strip was fixed in previous studies. It might
be that two tendon strips, when opposed against each other
in the tunnel, reduce the interference effect of the screw,
allowing the graft to slip out of the tunnel when a pulling
force is applied. Adjustments to the diameter of the graft,
the tunnel or the diameter or length screw may be needed to
overcome this effect, but these parameters were not
examined here.

There are certain limitations to this study. There was no
objective assessment of the strength of suture tying. In
addition, the strength of the suture tied in a laboratory
environment may be greater than in vivo where there are
surgical confines of space and access. As a formal joint
stabilisation procedure was not performed in this experi-
mental protocol, it was not necessary, in the simple suture
fixation method, to tie the suture whilst maintaining the two
tendon ends under tension. Furthermore, although differ-
ences in the strength of the three fixation methods have
been examined, there was no attempt to determine whether
the three methods can provide similar stability to the DRUJ.

In conclusion, within the limitations of this study,
fixation of a tendon graft to the distal ulna with a bone
anchor can be as strong as the fixation described by Adams
and Berger [2] whereby the two tendon ends are wrapped
round the ulna and sutured to each other. The use of bone

suture anchors may thus be preferable especially when a
short graft is harvested. Interference screw fixation is
weaker and should be avoided.
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