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Introduction Peripheral injuries of the triangular fibrocartilage complex (TFCC) can
produce pain and instability of the distal radioulnar joint (DRU|). There are several
techniques for the reconstruction of the TFCC. The aim of the present paper was to
summarize the tendon plasties of the DRU] ligaments for the anatomic reconstruction
of TFCC, to analyze the surgical techniques, and to evaluate their outcomes.
Methods In order to perform a systematic review, we searched in the literature the
terms DRU]J instability OR chronic distal radioulnar joint instability OR distal radioulnar
tendon plasty.

Results Intotal, 11 articles with level of evidence IV (case series) were retrieved. Most
studies achieved good results, with recovery of wrist stability, improvement of the
pain, and increase in grip strength in the functionality tests. In the historical evolution
of the published series, wrist surgeons tried to perform a more anatomical plasty, with
a more stable fixation and less invasive techniques.
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Conclusion The Adams procedure continues to be a valid and reproducible technique
for the treatment of chronic DRUJ instability. If wrist arthroscopy and implants are
available and surgeons have been technically trained, the authors recommend an
arthroscopy-assisted technique, or, if possible, an all-arthroscopic TFCC reconstruction
with implant fixation of the plasty in its anatomical points of insertion. Comparative
studies between open and arthroscopic TFCC reconstruction techniques are needed.

Resumen Introduccion Las lesiones periféricas del complejo fibrocartilago triangular (CFCT)
pueden provocar dolor e inestabilidad de la articulacion radiocubital distal (ARCD). El
objetivo de este trabajo fue recoger todas las plastias tendinosas de los ligamentos de |a
ARCD para la reconstruccién anatémica del CFCT, analizar las técnicas quirurgicas, y
evaluar sus resultados.

Métodos Para hacer una revision sistematica, se realizé una bisqueda en inglés en la
literatura con los términos DRU] instability O chronic distal radioulnar joint instability O
distal radioulnar tendon plasty.

Resultados Se encontraron once articulos de nivel de evidencia IV (series de casos). La
mayoria de los trabajos consiguieron buenos resultados, con recuperacion de la
estabilidad de la mufeca, mejoria del dolor, y aumento de la fuerza de prensa en las
pruebas de funcionalidad. En la evolucion histérica de las series publicadas, los
cirujanos de muneca intentan realizar plastias cada vez mas anatémicas, con una
fijacion mas estable y con técnicas cada vez menos invasivas.

Palabras clave

= inestabilidad crénica
de la articulacion
radiocubital distal

= complejo Conclusién El procedimiento de Adams continda siendo una técnica valida y repro-
fibrocartilago ducible para el tratamiento de |a inestabilidad crénica de la ARCD. Si la artroscopia de
triangular mufeca y los implantes estan disponibles y los cirujanos estan técnicamente capaci-

= plastia tendinosa

= reconstruccion de
los ligamentos
radiocubitales
distales

tados, los autores recomiendan una técnica asistida por artroscopia o, si es posible, una
técnica integramente artroscoépica para la reconstruccion del CFCT, con una fijacion
con implantes de la plastia en sus puntos de insercién anatémicos. Son necesarios
estudios comparativos entre la reconstruccion anatémica del CFCT mediante técnica
abierta y artroscopica.

Introduction
stability is preserved. However, when a type 1-B TFCC tear

The triangular fibrocartilage complex (TFCC) has two func-
tional components, the distal component (dc) and the proxi-
mal component (pc). The deTFCC is formed by the ulnocarpal
ligaments and the articular fibrocartilage, and its function is
to support and contain the ulnar margin of the carpus (like a
hammock).! The pc-TFCC is composed of the volar and dorsal
distal radioulnar ligaments, and it is the primary stabilizer of
the distal radioulnar joint (DRUJ) during pronosupination of
the forearm. The origin of the pc-TFCC is in the ulnar fovea
rather than in the ulnar styloid, and it is attached to the most
dorsal and volar limits of the sigmoid notch of the radius.
The isometric area of the pc-TFCC is considered to be located
in the ulnar fovea.'

In 1989, Palmer’ published a classification of TFCC inju-
ries, and described 2 basic categories: class 1, or traumatic
injuries; and class 2, or degenerative injuries. These catego-
ries were subdivided into types, depending on the location of
the tear and the presence or absence of cartilage injury.> Type
1-B injuries are traumatic tears of the ulnar periphery of the
TFCC. When there is an isolated rupture of the dc-TFCC, DRU]
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involves disruption of the pc-TFCC, the DRUJ becomes unsta-
ble. If the cartilage is well preserved, these type 1-B injuries
with DRU]J instability are then classified as “Class 4: Non-
repairable peripheral TFCC tear”,*? in the 5-class treatment-
oriented classification proposed by Atzei and Luchetti.’
Injury to the TFCC is a frequent cause of pain on the ulnar
side and disability in the wrist; and if it is misdiagnosed or
unsuccessfully treated, it may cause DRUJ] chronic
instability.”

Reconstruction of the TFCC is indicated if the TFCC injury
is not repairable, if there are no degenerative changes in the
DRU]J (healthy articular cartilage), and if the interosseous
membrane is functional (to rule out Essex-Lopresti injury).*®
Numerous procedures have been described to restore the
stability of the DRUJ through nonanatomic reconstructions.
These techniques include extra-articular plasty,”® direct
radioulnar fixation plasty to the joint,>~'" or dynamic mus-
cular transfers using the pronator quadratus.'®'> These
techniques are less effective than the anatomic reconstruc-
tion of the DRUJ ligaments using a tendon graft, which tries

© 2021. SECMA Foundation. All rights reserved.
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to reproduce the anatomy and biomechanics of the native
TFCC. There are several tendon plasties for anatomic recon-
struction of TFCC, which are difficult to be understood,
differentiated, reproduced and compared.

The aim of this paper was to summarize the different
tendon plasties of the DRUJ ligaments for the anatomic
reconstruction of the TFCC, to analyze the surgical techni-
ques, and to evaluate their outcomes.

Methods

A systematic literature review was performed in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA)' and the guidelines of the
Quality of Reporting of Meta-analyses (QUOROM) group.'”
On May 25th, 2020, a search in the PubMed and Cochrane
Library databases was made with the terms distal radioulnar
tendon plasty OR DRUJ instability OR chronic distal radioulnar
joint instability. The database search resulted in a total of 356
articles, which were reviewed by 2 senior orthopedic sur-
geons. the references of the selected articles were also cross-
checked (~Fig. 1).

Eligibility criteria: 1) articles which presented results of
the treatment of DRU]J chronic instability with some kind of
tendon plasty for TFCC anatomic reconstruction; and 2) full
text available in English or Spanish.

Exclusion criteria: 1) review articles; 2) single-case-re-
portarticles; 3) letters to the editor or editorial comments; 4)

book chapters; 5) Conference papers or posters; and 6)
cadaveric studies.

The surgical techniques and outcomes described in the
articles which fulfilled those criteria were analyzed.

Results

In total, 11 articles with level of evidence IV were retrieved.
All of them presented case series (with 9 to 95 patients) of
chronic DRUJ instability treated by an anatomic reconstruc-
tion using a tendon plasty. The previous papersm‘18 de-
scribed different types of open surgery reconstruction of the
TFCC. In the last few years, case series of open surgery have
been published,'®?? as well as arthroscopic reconstruction
series of assisted open surgery.zL22 The surgical techniques
are schematized in =Fig. 2 and summarized in = Table 1. The
technique developed by Carratala Baixauli et al.® was exclud-
ed from this systematic review because, although it has
already been published, only partial and preliminary results
have been presented for 4 patients at 6 months. In this study,®
the score on the Visual Analog Scale (VAS) was of 1.75 (range:
0 to 4) after 6 months; the VAS score before the surgery was
of 6.75 (range: 4 to 8). The score on the Quick Disabilities of
the Arm, Shoulder and Hand (DASH) questionnaire before the
surgery was of 44.70 (range: 36.25 to 54); after 6 months, it
was of 11.18 (range: 6.75 to 18); the results on the Mayo
Wrist Score after 6 months of follow-up were: excellent (95)
in 1 case; good (90 and 85) in 2 cases; and fair (70) in 1 case.

- Different subject: 206
- Review article: 41

- Cadaveric studies: 27
- Single case report: 11

OR

. Research: Pubmed and Cochrane
Rejected: 308
d “distal radioulnar tendon plasty”

distal radioulnar joint instability™
Articles for abstract review (N=356)

*DRUJ instability” OR “chronic

- Full text not available in English or
Spanish: 11

- Conference paper or poster: 2

- Duplicate: 2

L 4

- Letter to the editor or editorial comment: 1

Rejected: 38

Studies selected for complete
text review (N=48) Review of article

- Different Subject: 27

results: 8

- Surgical technique description without L o e e e ]

references.
Selection of 1
study not

- Preliminary results studies which
where included in other studies as
definitive results: 3

h 4 previously
Studies included in the included

analysis (N= 11)
Level of evidence: IV (N=11)

w

v h

Open surgery
studies
(N=9)

Arthroscopic assisted Arthroscopic surgery
surgery studies studies
(N=2) (N=0)

Fig. 1 Flowchart of the process of search and inclusion of studies.
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Fig.2 Schemes of the TFCC reconstructions. The QR codes show the placement of the tunnels in 3D. (A). Scheker et al.'® technique. (B). Adams
procedure.'’720-24 *The Shih and Lee?” technique modifies the Adams procedure regarding the fixation of the plasty, which was sutured with
polydioxanone suture (PDS) without an ulnar bundle. **The Luchetti and Atzei%? technique modifies the Adams procedure regarding the fixation
of the plasty, which is fixed in the ulna tunnel with an interference screw. (C) Henry?” technique. (D). Meyer et al.?® technique. (E) Chu-Kay Mak
and Ho?' technique. (F). Carratald Baixauli et al.® technique. **The Carratala Baixauli et al.® technique was excluded from the present systematic
review because, although it has already been published, only partial and preliminary results have been presented for four patients at six months.

The outcomes were compiled: the pre- and postoperative
ranges of motion (ROMs) are shown in = Table 2; the pain and
grip strength, in =Table 3; and stability, functional scores
and complications, in =Table 4.

Discussion

In total, 11 case series were retrieved, 9 with open surgery
techniques (2 of them with previous diagnostic wrist ar-
throscopy), and 2 with arthroscopically-assisted procedures
(=Table 1). In 1994, Scheker et al.’® published their series of
15 patients treated with a distal radioulnar plasty of the
palmaris longus performed by open surgery; the authors
reconstructed the dorsal distal radioulnar ligament
(=Fig. 2A), obtaining a disappearance of the pain in 80% of
the patients, with increased strength and without losing
mobility compared with the preoperative ROM. In 2000,
Adams?3 described his technique for anatomic reconstruc-
tion of the dorsal and volar radioulnar ligaments with a
palmaris longus autograft (=Fig. 2B), and he published the
results together with Berger in 2002."7 After that, four teams
of surgeons performed the Adams procedure in their se-
ries,'8720-24 and most of the later-designed techniques re-
trieved in the present systematic review are modifications of
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this procedure,?'22252% which is currently the gold-stan-

dard treatment for chronic DRUJ instability.

The 5 case series with reconstruction using the Adams
technique (with 9, 14, 16, 74 and 95 patients) achieved good
results in 86% to 100% of the patients, with recovery of wrist
stability (78% to 100%), disappearance of the pain or mild
pain (76% to 89%) and increase in grip strength in the
functionality tests.'”~20-24 With this technique, most authors
described a decrease in pronosupination compared with the
preoperative ROM.'”1%-20 Meyer et al.2® described a method
of anatomic TFCC reconstruction which only differs from the
Adams technique regarding the fixation of the ends of the
tendon graft; it may enable a higher tension on the tendon
graft and a more resistant fixation, thus enabling a less strict
and shorter immobilization. They drilled two oblique tun-
nels in the ulna instead of the unique oblique tunnel in the
Adams technique, and tied and secured the ends of the
tendon graft over the bone bridge between the two drill
holes?® (~Fig. 2D); the outcomes were similar to those
described with the Adams procedure.

In the series by Shih and Lee,?> all patients underwent
wrist arthroscopic examination, and the lesions of the TFCC
tears were identified, classified and, if indicated, a TFCC
reconstruction was performed a week after with an extensor

© 2021. SECMA Foundation. All rights reserved.
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Table 1 Case series of tendon plasties of the DRUJ

Miranda et al.

Authors Year | N | Kind of Surgery Graft Tunnels and fixation
Scheker et al.!® 1994 | 15 | Open surgery Palmaris longus, 3in theradius; 3 in the ulna; fixation
plantaris, or extensor | of the graft with 2 sutures over the
digitorum communis bone bridge (radius, ulna)
autograft
Adams and Berger'’ 2002 | 14 | Open surgery Palmaris longus Posteroanterior in the radius;
autograft oblique in the ulna; fixation of the
graft around the ulnar neck
Teoh &Yam'® 2005 | 9 | Open surgery Palmaris longus Posteroanterior in the radius;
autograft oblique in the ulna; fixation of the
graft around the ulnar neck
Shih and Lee?® 2005 | 37 | Diagnostic Extensor carpi ulnaris Posteroantrior in the radius;
arthroscopy + open autograft oblique in the ulna
surgery (1 week after)
Seo et al.?4 2009 | 16 | Open surgery Palmaris longus Posteroanterior in the radius;
autograft oblique in the ulna; fixation of the
graft around the ulnar neck
Henry27 2012 | 25 | Diagnostic Palmaris longus 2 in the sigmoid notch in the radius;
arthroscopy +open autograft oblique in the ulna; suture over the
surgery bone bridge (radius)
Luchetti and Atzei®? 2017 | 11 | Arthroscopy-assisted Palmaris longus Posteroanterior in the radius;
surgery oblique in the ulna; linterference
screw in the ulna
Meyer et al.26 2017 | 48 | Open surgery Palmaris longus, flexor | Posteroanterior in the radius;
carpi ulnaris, or long oblique in the ulna; fixation of the
toe extensor autograft | graft with suture over the bone
bridge (ulna)
Chu-Kay Mak and Ho?' | 2017 | 28 | Arthroscopy-assisted Palmaris longus Posteroanterior in the radius,
surgery autograft oblique in the
ulna; + posteroanterior in the ulna;
suture over the bone bridge (ulna)
Kootstra et al.?® 2018 | 22 | Open surgery Palmaris longus, toe Posteroanterior in the radius;
extensor, or plantaris | oblique in the ulna; Fixation of the
autograft graft around the ulnar neck.
Gillis et al.’® 2019 | 95 | Open surgery Autograft (44%); Posteroanterior in the radius;
allograft (56%). oblique in the ulna; fixation of the
Palmaris longus, graft around the ulnar neck, or
plantaris, triceps fixation with anchors or with
surae, gracilis, or interference screw
semitendinosus

carpi ulnaris (ECU) tendon graft with tunnels similar to those
of the Adams procedure; despite the inconvenience of per-
forming two surgeries, the outcomes were not better than
those obtained with the Adams technique. Henry?” proposed
a wrist arthroscopy, and, once the injury is confirmed, to
proceed with open incisions and free tendon graft recon-
struction with the palmaris longus; he replicated the true
anatomic points of insertion both at the ulnar fovea and at
the volar and dorsal margins of the sigmoid notch; the ends
of the graft were tied to each other over the bone bridge of
the radius (=Fig. 2C). He reported restoration of the DRUJ
stability in 100% of the cases, an improvement in the DASH
score, and no decrease in ROM.

In the last few years, two series using arthroscopically-
assisted techniques were published.?’?> When compared
with the open techniques for tendon-graft reconstruction,

Revista Iberoamericana de Cirugia de la Mano

these techniques have some potential benefits: 1) visualization
of the TFCC tear and assessment of reparability; 2) preserva-
tion of the capsule of the ulnar wrist and soft tissues; and 3)
exposition of the fovea, which enables the surgeon to open the
tunnel under direct view at the isometric insertion point of the
fovea. Additionally, these techniques enable the surgeon to
make smaller incisions to perform the reconstruction, thus
minimizing soft-tissue scarring, fibrosis and stiffness. Luchetti
and Atzei?? performed the same tunnels as those of the Adams
procedure, but fixed the graft in the ulna tunnel with an
interference screw. Chu-Kay Mak and Ho?' (part of this series
was previously published by Tse et al.’®) performed the Adams
technique, but made a second tunnel at the distal ulna, which is
used to tie the ends of the graft to each other over the bone
bridge of the ulna (~Fig. 2E). The authors® reported results
comparable to those of the conventional open technique

Vol. 49 No. 2/2021 © 2021. SECMA Foundation. All rights reserved.
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Table 2 Range of motion (ROM) outcomes

Authors Preoperative ROM (degrees) Postoperative ROM (degrees) Pre- vs.
F E P |s RD |UD |F E P |s RD | up | Postoperative
Scheker et al.’® 64 |62 |81 |92 |20 |31 |61 |62 |8 |8 |24 |31 | LS
Adams and Berger'’ 80 80.5 72 70 !l SandP;F,
E and UD
unchanged
Teoh and Yam'® Nearly all patients with full Sand P ROMs | P-S (in % of contralateral): 92%
Shih and Lee®®
Seo et al.?* 69.7 | 76.9| 76.6 | 83.9 | 15 29.1( 709 | 72.8 | 76.3 | 82.5 | 13.4 | 30.3 | No difference
Henry?’ 53 |53 |66 |65 61 |62 |71 |74 No difference
Luchetti and Atzei? | 64 | 70 | 85 | 81 60 |67 |80 |81 No difference
Meyer et al.26 7021 715|764 785 18.8 | 35.7 | 67.1| 70.1 | 67.9| 66.1| 19.6 | 32.9| ! SandP
Chu-l(ag Mak In % of contralateral: P-S: 84.7%; E-F: In % of contralateral: P-S: 91.1%; E-F: Improved ROM
and Ho?' 77.1%; RD-UD: 71.4% 83.7%; RD-UD: 83.5%
Kootstra et al.2® 67 | 718|173 |71 |17,7]309]| | SandPus.
healthy wrist
Gillis et al.™® 53.9 | 57 76.9 | 69.7 | 183 | 27.2| 521 58.6 | 71.3 | 62.7 [ 19.8 | 28.6 | | SandP
Abbreviations: E, extension; F, flexion; P, pronation; RD, radial deviation;S, supination; UD, ulnar deviation; !, decrease.
Table 3 Pain and grip strength outcomes
Authors Preoperative Postoperative Pre- vs.
Pain Grip Grip strength Pain Grip Grip Strength postoperative
strength | (% contralateral strength (%) contralateral
(Kg) or healthy wrist) (Kg) or healthy wrist)
Scheker et al.'® | 100% chief 17 53.2 86% none; 14% 29.6 80.5 L pain; 1 grip
complaint minor discomfort strength
Adams and 64% none; 36% mild pain | Improved | 85 1 grip strength
Berger!’ 11kg
Teoh and Yam'® 55 66% mild pain 86 1 grip strength
Shih and Lee?® 35 to 40 No patients with pain 65 to 90 1 grip strength
in the daily activities
Seo et al.?* PRWE (pain): 31.6 PRWE (pain): 9.1/50 36.7 L pain; T grip
23.1/50 strength
Henry?’ 57 79 No differences
Luchetti and VAS (rest): 4; 13 54 VAS (rest) 2 20 96 L pain; 1 grip
Atzei®? VAS (stress): 9 VAS (stress) 4 strength
Meyer et al.2® VAS: 2.6 24.6 63.9 VAS: 1.3 31 80.3 L pain; 1 grip
strength
Chu-Kay Mak VAS: 5.9 58.6 VAS: 3 71.6 L pain; 1 grip
and Ho?' strength
Kootstra et al.2% 38.6 89.7
Gillis et al.’® 33.7% severe 21.7 68.5 27.5% no pain; 48,4% 24.2 77.4 L pain; 1 grip
pain; 65.3% mild pain; 22% strength
moderatepain; moderate pain
1.1% mild pain
Abbreviations: PRWE, Patient-Rated Wrist Evaluation; VAS, Visual Analogue Scale; |, decrease; T, increase.
(stability, grip strength, and functionality); however, in addi- A new all-arthroscopic TFCC reconstruction technique has

tion to the cosmetic advantage, they achieved better ROM,  been described;® however, it has been excluded from the
through the preservation of soft-tissue and capsular integrity,  present systematic review because the results have not been
and accelerated rehabilitation. published yet . Carratald Baixauli et al.® performed a free
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Table 4 Stability, functional scores, complications and satisfaction outcomes

Miranda et al.

Authors Stability Functional scores Complications and satisfaction
(% of patients) Preoperative Postoperative Pre- vs.
postoperative
Scheker et al.’® 1 postblock brachial plexus neuritis;
1 mild reflex sympathetic dystrophy;
1 recurrence of instability
Adams and Berger'’ 86 2 recurrence of instability;
2 paraesthesia (healed)
Teoh and Yam'® 78 MMWS: 66 MMWS: 87 Improvement 1 paraesthesia (healed);
1 stiffness
Shih and Lee?® MMWS: 3 superficial wound infections
29.7% excellent;
59.5% good;
10.8% fair
Seo et al.?* 75 MMWS: 72.5; MMWS: 92.8; Improvement 3 laxity;
DASH: 34.5; DASH: 10.5; 1 subluxation
PRWE: 39.2 PRWE: 11.2
Henry27 100 DASH: 62 DASH: 7 Improvement
Luchetti and Atzei?? 91 MWS: 52; MWS: 82; Improvement 1 fracture of the ulnar styloid (healed);
DASH: 48; DASH: 25; 3 ulnar paraesthesia (healed);
PRWE: 70 PRWE: 33 1 graft rupture;
1 instability recurrence
Meyer et al.2® 91 2 subluxation persisted;
2 recurrent instability
Chu-Kay Mak and Ho?' MWS: 58 MWS: 79 Improvement 35,7%:
4 graft rupture;
3 nerve injuries (healed);
3 discomfort over scar;
1 breakage KW
Kootstra et al.20 100 DASH: 13.1; 4% recurrent instability
PRWHE: 20.3
Gillis et al.™® 90.8 MMWS 59.6 MMWS 68.9 Improvement 31.6%: neuroapraxia, neuroma,
recurrent instability, degenerative disease;
satisfaction: VAS: 8.1 (86.3%)

Abbreviations: DASH, Disabilities of the Arm, Shoulder, Hand questionnaire; MMWS, Modified Mayo Wrist Score; MWS, Mayo Wrist Score; PRWE,

Patient-Rated Wrist and Hand Evaluation Score; KW, kirschner wire.

tendon graft reconstruction, with the palmaris longus repli-
cating the true anatomic points of insertion both at the ulnar
fovea and at the volar and dorsal margins of the sigmoid
notch, with two blind tunnels in the radius and an oblique
ulnar tunnel; they fixed the graft with tree interference
screws, two in the radius and one in the ulna® (~Fig. 2F).

As shown in the historical evolution of the series herein
presented, wrist surgeons tried to perform a more anatomi-
cal plasty, with a more stable fixation. With the introduction
of arthroscopic techniques, smaller (and therefore more
cosmetic) incisions, a more anatomical location of the tun-
nels, and lower soft-tissue damage have been achieved, thus
enabling an improvement in ROM without worsening the
results in terms of pain, stability, grip strength or functional
scores.

The present review has some limitations, the main one
being that all the studies retrieved have level IV of evidence
(case series), but, to the best of our knowledge, no compara-
tive studies or clinical trials have been published to date. In
addition, in the case series analyzed, the authors used
different items to measure the outcomes, and there was a
lack of objective assessment of DRU]J instability.

Revista Iberoamericana de Cirugia de la Mano

In conclusion, the Adams procedure continues to be a
valid and reproducible technique for the treatment of
chronic DRU]J instability. If wrist arthroscopy and implants
are available and surgeons are technically-trained, the
authors recommend an arthroscopy-assisted technique,
or, if possible, an all-arthroscopic TFCC reconstruction,
with implant fixation of the plasty in its anatomical
points of insertion. Comparative studies between open
and arthroscopic TFCC reconstruction techniques are
needed.
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