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Background Triangular fibrocartilage complex (TFCC) injury often results in distal
radioulnar joint (DRU]) instability. However, not all patients with a ruptured TFCC have
an unstable DRUJ as in these patients a distal oblique bundle (DOB) may be present. We
assumed that augmentation of the DOB leads to a more stable situation following
reinsertion of the TFCC. We present the clinical results of a new surgical technique
using the TightRope system as a DOB augmentation.

Description of Technique All cases were treated under regional anesthesia with the
TightRope implant for which a tunnel was drilled from the distal ulna through the radius
along the path of the DOB. The TightRope was passed through the tunnel and secured
with buttons on either side. X-rays were made during surgery to confirm correct
positioning.

Methods A retrospective study was performed analyzing 21 cases treated with a
TightRope augmentation of the DOB. The primary outcome was measured using the
patient-rated wrist evaluation (PRWE) score at least 12 months after surgery.
Results Postoperatively, the DRU| was stable in all patients. The median PRWE score
was 16 for the injured side compared to zero for the uninjured side (p-value: <0.001).
The median pronation and supination were not statistically significant when we
compared the injured side to the uninjured side. The median grip strength was 31
kg for the injured side compared to 38 kg for the uninjured side (p-value: 0.015). There
were two minor postoperative complications (10%).

Conclusion This technique is capable of restoring DRU| stability with a short
immobilization period resulting in good patient-related outcomes and a low complica-
tion rate.

Distal radioulnar joint (DRUJ) instability usually results
from a disruption of the triangular fibrocartilage complex
(TFCC), and the extrinsic stabilizers, such as the extensor
carpi ulnaris and its subsheath or the distal oblique
bundle (DOB)." Okada et al published a cadaveric study
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in which 40% of the specimens had a DOB. Moreover, the
absence of the DOB was correlated with an unstable
DRUJ.2 This may explain why not all patients with a
ruptured TFCC have an unstable DRU]J. In these patients
a DOB may be present.
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Clinical diagnosis of DRUJ instability relies on physical
examination and could be supported with radiographical
images or a diagnostic arthroscopy. Symptomatic DRU]J in-
stability may be present if the patient has a history of wrist
trauma, persisting pain, and decreased function of the
wrist.>~” The ballottement test seems to be the most reliable
test with a sensitivity of 66% and a specificity of 68%.% This
test assesses the dorsopalmar instability between the ulna
and radius in both the neutral, pronated, and supinated
position.’

Radiographical signs that are associated with DRU]J insta-
bility are widening of the DRUJ gap, an ulna plus variance,
and ulnar styloid fractures through the fovea or base.>%11 A
positive hook test during wrist arthroscopy may identify a
rupture of the foveal insertion of the TFCC.'>~14

Numerous surgical techniques are described for treating
DRUJ instability but none of them have shown superiority.
Many of these techniques require a prolonged immobiliza-
tion in a long arm or elbow cast. In our cadaveric study, using
a suture-button expansion system that is placed in the
direction of the DOB stabilizing the DRUJ, we found that
the suture-button expansion system reduced dorsal dis-
placement of the radius in an unstable DRUJ.!

We assumed that this suture-button technique leads to a
more stable situation with less recurrent DRUJ instability and
requiring shorter immobilization in a short arm cast follow-
ing foveal reinsertion of the TFCC. The purpose of this study is
to describe the clinical results of this new surgical technique
using the TightRope system as a DOB augmentation in
patients with an unstable DRUJ.

Surgical technique: The suture-button expansion system
used was the TightRope implant system according to the
manufacturer’s guidelines (Arthrex, Naples, FL).

Surgery was performed under regional anesthesia in all
patients. A tourniquet was used to create a bloodless field. A
curved ulnar incision was made centered over the fifth
extensor compartment of the wrist under regional anesthe-
sia. The extensor digiti quinti tendon was released from the
fifth extensor compartment and was held to the radial side.
From proximal to distal the DRUJ was opened carefully not to
injure the TFCC. A curettage of the scar tissue in the fovea was
performed followed by reinsertion of the deep palmar and
dorsal limbs of the TFCC to the fovea using a suture anchor
technique (Mitek, Depuy Synthes, Raynham, MA). The exten-
sor retinaculum was closed in a reefed fashion. After reinser-
tion of the TFCC, a bone tunnel was drilled under
fluoroscopic guidance using a Kirschner wire (K-wire) at
the lateral part of the distal ulna through the radius with the
wrist in a neutral position in a 45-degree angle aiming just
proximal of the sigmoid notch (=Fig. 1). At the point where
the K-wire exited the radius an additional incision was made
and a cannulated drill was used to drill the bone tunnels
protecting the soft tissues. The TightRope was then passed
through both tunnels starting from the ulnar side. The
buttons were securely engaged on both cortices (~Fig. 2).
The arm was pronated and supinated a few times making
sure that there was a correct reduction and full range of
motion (ROM) before tightening the knot. Postoperatively,
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Fig. 1 Bone tunnel drilled using a Kirschner wire (K-wire).

patients received a short forearm cast for 4 weeks. After cast
treatment the patient was instructed to start pro- and
supination exercises under supervision of a specialized
hand physiotherapist. After 6 weeks full weight bearing
was allowed.

Methods

Study Design and Study Population

Aretrospective study was conducted of all adult patients that
were treated with the suture-button expansion system
between June 2016 and October 2020 and was approved
by the institutional review board. All patients were treated in
alevel Il trauma center in the Netherlands with an expertise
in hand and wrist surgery.

Inclusion Criteria

All consecutive adult patients with a grossly unstable DRU]
due to TFCC lesion were included. Grossly unstable was
defined as: an unstable DRU]J ballottement test, where the
ulna could be dislocated completely out of the sigmoid notch
and/or a positive hook test seen during diagnostic
arthroscopy.

Outcomes Measures

The primary outcome measure of this study was the patient-
rated wrist evaluation (PRWE) score.!” The PRWE is a 15-
item questionnaire designed to measure wrist pain and
disability in activities of daily living. The PRWE allows
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Fig. 2 (A) Tunnel with the TightRope implant secured with suture-
buttons on both ends. (B) Mitek anchor at the ulnar fovea where the
triangular fibrocartilage complex (TFCC) was reinserted.

patients to rate their levels of wrist pain and disability from 0
to 10, and consists of two subscales: (1) pain subscale and (2)
function subscale. The total score per subscale ranges from 0
to 50, making a total score range from 0 to 100 in which the
lower the score the better the wrist function.

Secondary outcome measurements were active ROM, grip
strength, and any reported complications. The active ROM
was measured according to the guidelines of the neutral-0-
method using a goniometer. Flexion and extension and pro-
and supination were measured. Grip strength was measured
with a hand dynamometer (Baseline, White Plains, NY) in
both injured and uninjured sides. Complications were de-
fined as postoperative infections, failure of the repair leading
to DRUJ instability, and persisting pain. The ballottement test
was performed as described above.

Statistical Analysis

Baseline characteristics and outcome measures were cate-
gorized using descriptive statistics. For continuous data, the
mean and standard deviation (parametric data) or the medi-
an and percentiles (nonparametric data) were reported. For
categorical data numbers and frequencies were reported.
Normality of continuous data was tested with the Shapiro-
Wilk test and homogeneity of variances was tested using the
Levene’s test. A p-value of < 0.05 was taken as a threshold of

Table 1 Patient demographics

Total number
of patients,
N=21
Age (in years), median (IQR) 36 (26-53)
Gender, N (%)

Male 11 (52)

Female 10 (48)
Trauma mechanism, N (%)

Fall from standing height 4(19)

Fall from height (> 2 meter) 4(19)

Sports 5 (24)

Motorized vehicle 3(14)

Heavy lifting 3(14)

Missing 2 (10)
Affected hand, N (%)

Right 11(52)

Left 10 (48)
Affected hand is dominant hand, N (%) 10 (48)
Second opinion, N (%) 8 (41)

Days until presentation in our hospital,

Median (IQR) | 173 (55-547)
ASA classification, N (%)

1 15 (71)

2 6 (29)
Ulnar sided pain, N (%) 14 (67)
Pain during wringing, N (%) 9 (43)

Pain while lifting, N (%) 8 (38)
Snapping sensation in wrist, N (%) 5 (24)
Positive fovea sign, N (%) 9 (43)
Unstable DRUJ ballottement test, N (%) 19 (91)
Widened DRUJ on X-ray, N (%) 4 (29)

PSU fracture on X-ray, N (%) 7 (33)

Ulna plus on X-ray, N (%) 3(14)
Diagnostic arthroscopy, N (%) 10 (48)
Days until surgery, median (IQR) 92 (69-143)

Abbreviations: ASA, American Society of Anesthesiologists; DRUJ, distal
radioulnar joint; IQR, interquartile range; N, number; PSU, ulnar styloid
process.

statistical significance in all statistical tests and all tests were
two-sided. Missing values were not replaced. Data were
analyzed using the IBM Statistical Package for the Social
Sciences (SPSS) (Version 25, SPSS Inc., Chicago, IL).

Results

Demographics
Atotal of 21 patients were treated with the TightRope system
between June 2016 and October 2020. In =Table 1 the
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baseline demographics are presented. The median age was
36 years (interquartile range [IQR]: 26-53) and 11 patients
(52%) were male. The main cause of trauma to the wrist was
either a fall from standing height or higher or during sports
activities. Half of the patients had injured their dominant
hand. Eight patients (38%) were secondary referrals from
elsewhere. Median time until presentation in our hospital
was 173 days (IQR: 55-547).

Most patients experienced ulnar-sided pain (67%). Other
symptoms or complaints were: pain during wringing (43%),
pain during lifting objects (38%), and a clicking sensation of
the wrist (24%). Nineteen patients had an unstable DRU]
ballottement test (91%). There were two patients of which
the DRU]J ballottement test was not documented but they did
have a positive hook test during diagnostic arthroscopy.
Forty-three percent of the patients had a positive fovea
sign during physical examination. Radiographically, there
was a widened DRU]J in four patients (19%), an old fracture of
the ulnar styloid process in seven patients (33%), and an ulna
plus variation in three patients (14%). In 10 (48%) out of 21
patients a diagnostic arthroscopy was performed before the
definitive TightRope surgery was planned. Median time until
definitive TightRope surgery was 92 days (IQR: 69-143) after
injury in which 16 (76%) patients had intensive hand therapy
prior to surgery.

Diagnostic Arthroscopy

A total of 10 patients had a diagnostic arthroscopy prior to
their definitive surgery. During arthroscopy several injuries
were identified. These consisted of a TFCC lesion classified
according to Palmer, a positive ghost sign, a positive tram-
poline test, any signs of synovitis, and scapholunate and
lunotriquetral ligament injuries classified according to
Geissler (~Table 2).

Postsurgery

The median duration of surgery was 60 minutes (IQR: 42-
71). Postoperatively, all patients were treated with a circular
forearm cast for a median of 29 days (IQR: 27-34). All
patients received hand therapy and were followed for at
least 12 months. At 3 months all patients had a stable DRUJ
ballottement test. The median pronation was 85degrees
(IQR: 84-90) and the median supination was 70 degrees
(IQR: 49-86).

The median PRWE score of the injured hand was 16 (IQR:
11-23) at a median follow-up of 35 months (IQR: 20-
50). =Table 3 provides an overview of the demographics
and PRWE score per included patient. The DRU] ballottement
test showed a stable DRU]J for all patients, both for the injured
and uninjured side. The median pronation was 90 degrees
(IQR: 89-90) and the median supination was 90degrees
(IQR: 84-90) at a median follow-up of 35 months. The median
grip strength was 31 (IQR: 25-47) kg for the injured side and
38 kg (IQR: 26-55) for the noninjured side (~Table 4).

Complications
Postoperatively, one patient experienced pain caused by

the ulnar suture-button, which was removed. Another
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Table 2 Diagnostic arthroscopy

Total number of
patients, N=10

Palmer classification, N (%)

1A 1(10)

1B 8 (80)

1C 0 (0)

1D 0(0)

2A 0(0)

2B 0(0)

2C 1(10)

2D 0 (0)

2E 0(0)
Positive ghost sign, N (%) 10 (100)
Signs of synovitis, N (%) 4 (19)
Positive hook test, N (%) 8 (80)
SL ligament injury

None 8 (80)

1 0(0)

2 1(10)

3 1(10)

4 0 (0)
LT ligament injury

None 7 (70)

1 0(0)

2 1(10)

3 2 (20)

Abbreviations: LT, lunotriquetral; SL, scapholunate.

patient experienced persisting ulnar-sided wrist pain for
which he received a corticosteroid (CS) injection at the
posterior interosseous nerve to settle the symptoms
permanently.

Radiographic Results

In our hospital we do not routinely perform X-ray imaging
postoperatively. X-ray images were made in eight cases
postoperatively because of complaints the patients experi-
enced, either due to new injures or slow onset symptoms
without a clear new injury. In two cases the complaints
were explained by the complications as described in the
previous paragraph. None of the postoperative images
showed osteoarthritic changes. Five patients had a new
injury to the same wrist for which all symptoms vanished
in time without any intervention. One patient had a gangli-
on cyst in the same wrist. After removal the patient was
cleared from any pain. We did see widening of tightrope
holes in three cases but it did not seem to be of any
importance since all symptoms improved spontaneously
(=Fig. 3).
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Table 3 Overview of patient demographics and outcome measures
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Patient | Trauma mechanism Initial injury Injury-Tight Pronation| Pronation| Long-term
Rope interval | supination supination > PRWE score
3 mo postop | 12 mo postop
? 48y | Fall from height DRF (AO-A) 5 mo 70/70 45/70 18
19y | Sports DRF (AO-A) 11 mo 70/20 85/80
36y | Heavy lifting Contusion wrist 9 mo 90/60 90/90 6
2 56y | Fall from standing height DRF (AO-C) 3 mo 85/70 90/90
2 18y | Heavy lifting TFCC tear 3 mo 85/70 85/90 33
¢ 20y | Fall from standing height DRF (AO-A) 130 mo 85/35 90/90 51
d 51y | Fall from standing height TFCC tear, Mason 10 mo 90/60 85/70 18
type Il radial head
fracture
330y | Motorized vehicle accident | Contusion wrist 6 mo 90/90 90/90 13
g 25y | Fall from standing height DRF (AO-C) 28 mo 85/75 90/90 11
2 65y | Fall from standing height Transolecranon 20 mo 80/35 90/70 32
fracture- dislocation
329y | Motorized vehicle accident | TFCC tear 25 mo 85/45 90/90 5
2 63y | Fall from height TFCC tear 6 mo 85/85 Unknown Unknown
d 44y | Fall from standing height TFCC tear 80 mo 60/50 Unknown Unknown
339y | Sports Triquetral fracture 4 mo 90/90 90/90 15
? 33y | Sports Contusion wrist 12 mo 85/60 90/85 62
¢ 55y | Sports Distortion wrist 4 mo 85/50 90/90 12
d 17y | Sports Epiphysiolysis wrist | 10 mo 90/90 90/90 18
¢ 57y | Fall from height DRF (AO-A) 8 mo 90/80 90/90 13
d 32y | Heavy lifting Distortion wrist 28 mo 90/90 90/90 18
¢ 46y | Fall from height DRF (AO-C) 29 mo 85/70 Unknown Unknown
d 27y | Motorized vehicle accident | DRF (AO-A) 8 mo 90/90 90/90 20

Abbreviations: &, male; ¢, female; DRF, distal radius fracture; PRWE, patient-rated wrist evaluation; TFCC, triangular fibrocartilage complex.

Discussion

Symptomatic DRU]J instability often requires surgical treat-
ment. However, not all patients with a TFCC tear have an
unstable DRU]J as in these patients the secondary stabilizers
and an intact DOB may be present.

Our results show that TFCC reinsertion with augmenta-
tion of the DOB with the TightRope system leads to good
patient-related outcomes. The median PRWE score was 16
(IQR: 11-23)and all patients had a stable DRU]J after 3 months
of follow-up. Two patients (10%) had a postoperative com-
plication of which one was successfully treated with a CS
injection and this patient completed the long-term follow-up
with a full pro- and supination and a PRWE score of 20. The
other patient needed a second surgery in which the ulnar
placed suture-button was removed. After this reintervention
the patient still had a stable DRU], gained full ROM but had
persisting pain. A computed tomography scan showed signs
of degenerative changes at the DRUJ which were treated
conservatively. This patient reported a PRWE score of 62 at
final follow-up. One other patient reported a significantly
higher PRWE score of 51. This patient was a young, morbidly

obese woman of 20 years who presented late following a
conservatively treated distal radial fracture in the past.
Despite full pro- and supination at final follow-up she
persisted with pain and decreased strength in her wrist.
There were no other identifiable reasons for her ongoing
pain.

The TightRope implant is a suture-button expansion system
and provides a relatively simple, reproducible, and minimally
invasive procedure for the stabilization of the DRUJ as shown in
our previously published cadaveric study.! Riggenbach et al
published another cadaveric study testing the same principle
of DOB reconstruction to stabilize the DRUJ with success.'® A
similar treatment has been described by Brink and Hanne-
mann in which the palmaris tendon was used with the DOB
reconstruction.!” They observed a mean PRWE score of 33.6 at
a mean follow-up of 25 months after surgery. Our surgical
procedure is similar and only differs from the fact that the
TightRope implant uses a synthetic graft instead of the pal-
maris tendon making the procedure less invasive.

The DOB originates from the distal ulna and runs distally
toinsert on the dorsal inferior rim of the sigmoid notch of the
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Table 4 Long-term follow-up data

Total number of p-Value®
patients, N=18

PRWE score, median (IQR)
Injured side 16 (11-23) < 0.001
Noninjured side 0 (0-0)

DRUJ ballottement test, N (%)
Grade 0 | 18 (100)

Grip strength (kg), median (IQR)
Injured side 31 (25-47) 0.015
Noninjured side 38 (26-55)

Palmar flexion (degrees), median (IQR)
Injured side 67 (66-87) 0.018
Noninjured side 84 (70-90)

Dorsal flexion (degrees), median (IQR)
Injured side 59 (51-68) 0.046
Noninjured side 62 (56-72)

Ulnar deviation (degrees), median (IQR)
Injured side 49 (40-52) 0.059
Noninjured side 50 (43-57)

Radial deviation (degrees), median (IQR)
Injured side 26 (20-30) 0.154
Noninjured side 31 (23-32)

Pronation (degrees), median (IQR)
Injured side 90 (89-90) 0.059
Noninjured side 90 (90-90)

Supination (degrees), median (IQR)
Injured side 90 (84-90) 0.059
Noninjured side 90 (90-90)

Abbreviations: DRUJ, distal radioulnar joint; IQR, interquartile range;
PRWE, patient-rated wrist evaluation.
ap-Value was tested using the Wilcoxon signed rank test.

radius. It has an anatomical relationship with the TFCC and
both act as DRU]J stabilizers. The origin of the DOB is situated
proximal of the ulnar head, whereas TFCC ligaments insert
right on top of the ulnar head. In the case of ulnar shortening
its clinical relevance becomes more important as the DOB
seems to take over as primary DRU] stabilizer.'® By augment-
ing the DOB in the wrist following TFCC trauma we indeed
observed a stable end construct with good functional gain
comparable, if not superior, to the existing published
results.’-16-18

Noteworthy is that only 40 to 60% of patients have a DOB.
However, for this treatment we did not consider it impor-
tant. We augmented the DOB in combination with a foveal
reinsertion of the TFCC with an anchor to ensure a more
stable situation and a shorter period of immobilization in a
forearm cast. None of our patients presented with recurrent
DRU] instability. Moloney et al described their 20-year
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Fig. 3 (A) Peroperative X-ray imaging. (B) Postoperative X-ray
imaging showing widening of the suture-button hole on the ulnar
side.

results of TFCC repair which entailed a reoperation in 34%
and a recurrence of DRU] instability in 17% of their
patients.’® This suggests that only TFCC repair may be
insufficient.

We acknowledge the limitations of this study, such as its
retrospective nature, its small sample size, and the lack of a
comparative cohort. Additionally, there is the lack of preop-
erative PRWE scores to safely demonstrate improvement
after surgery. However, this study does introduce a new
technique that could be applied in patients with DRU]
instability. We would advise for further research to conduct
a prospective comparative study between the available
surgical techniques with a calculated sample size.

Conclusion

DOB augmentation for DRU]J stabilization using the Tight-
Rope system results in satisfactory patient-reported out-
comes, a low complication rate, and no recurrence of DRUJ
instability at a median follow-up of 35 months.
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