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Abstract

Background: Peripheral IB tears of the triangular fibrocartilage complex (TFCC) can result in distal radioulnar joint
(DRU)J) instability. In the context of associated DRU]J instability, combined evidence supports successful outcomes for
peripheral tear repair. Methods: The aim of this systematic review (SR) was to compare the surgical treatment of IB
TFCC tears via arthroscopic versus open methods of repair. The primary outcome measure was restored DRU]J stability.
The secondary outcome measures included patient-reported outcomes and clinical outcome measures. An electronic
database search of Ovid Embase, PubMed, and the Cochrane Central Register of Controlled Trials was performed to cover
a 20-year period. Two authors independently screened records for eligibility and extracted data. Results: Only 3 studies
met the strict inclusion criteria, highlighting the poor evidence base for TFCC IB repairs. Hence, a “secondary analysis”
group was developed with modified inclusion criteria which included a further 7 studies for analysis. Pooled data from the
primary and secondary analysis groups demonstrated that postoperative DRU]J stability was achieved following open repair
in 84% (76/90) of cases and following arthroscopic repair in 86% (129/150) of cases. Conclusions: This SR demonstrates
a current lack of high-quality evidence required to draw firm conclusions on the merits of arthroscopic versus open repair
of 1B TFCC tears. There is no scientific evidence to suggest superiority of one technique over the other, albeit some
surgeons and authors may express a strong personal view.
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Introduction does not itself lead to DRUJ instability; however, disrup-
tion to the proximal limb which inserts into the fovea will
cause instability.”*

Peripheral tears are amenable to surgical repair™'”
because the peripheral TECC'"' is vascular, as opposed to
the central membranous portion.'

In DRUIJ instability, the evidence supports successful
outcomes for peripheral repair/reattachment.”'*'* However,

Triangular fibrocartilage complex (TFCC) tears are a com-
mon cause of ulnar-sided wrist pain.'? They were originally
described by Palmer’ and categorized into 2 main types.
Type 1 lesions are acute traumatic tears, subdivided into 1A
to 1D, and usually involve mechanisms of rotational stress
with axial load-bearing from falling on an outstretched
hand.* Traumatic type 1 injuries occur more commonly at
the periphery. Type 2 lesions are degenerative and central in
location with increasing secondary changes.’ 'Nottingham University Hospital, UK

Palmer 1A is a central perforation tear to the TFCC *Werightington Hospital, Wigan, UK
disk. 1B, 1C, and 1D tears are classed as “peripheral” tears jUniverSit)’ of Nottingham, UK
(Figure 1). 1C tears lead to ulno-carpal instability, whereas Derby Hospitals NHS Foundation Trust, UK
1B and 1D tears lead to instability of the distal radioulnar Supplemental material is available in the online version of the article.
joint (DRUJ). Palmer 1B tears involve an avulsion of the Corresponding Author:
ulnar foveal attaChmegt of the TFCC, whereas Palmer 1D Alexia Karantana, Centre for Evidence Based Hand Surgery, Queens
tears, which are rare,” involve an avulsion of the radial Medical Centre, University of Nottingham, Nottingham NG7 2UH, UK.
attachment. In Palmer 1B tears, injury to the distal limb Email: alexia.karantana@nottingham.ac.uk
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Figure 1. Peripheral TFCC tear.
Note. TFCC = triangular fibrocartilage complex.
Reproduced with permission from Elsevier, from Lindau.’

the key question of whether arthroscopic techniques are
superior to open repair remains unclear.'>'® A further contro-
versy pertaining to the treatment of symptomatic peripheral
1B tears is whether surgical repair is necessary in the context
of a stable DRUJ. Several studies support favorable out-
comes in this setting,'”** supported by early papers suturing
the detached surface to the peripheral capsule rather than to
the fovea.'™*' However, arthroscopic debridement without
repair had comparable results to repair in this context.?

The main advantages of arthroscopic repair are supe-
rior visualization of the TFCC and proposed improved
wrist function by avoiding further injury to surrounding
soft tissue structures.”® In general, the arthroscopic tech-
niques used are either described as “inside-out” or “out-
side-in” depending on how the reattachment is performed.*
The perceived limitation of arthroscopic repair of 1B tears
is the inability to anatomically restore the foveal attach-
ment. '

The aim of this systematic review (SR) was to compare
the surgical treatment of 1B TFCC tears via arthroscopic
versus open methods of repair.

Materials and Methods

Literature Search

An electronic database search of Ovid Embase, PubMed,
and the Cochrane Central Register of Controlled Trials was
performed in April 2017. Studies published between Janu-
ary 1, 1997, and December 31, 2016 were included, cover-
ing 20 years of research. The search terms were developed
with the help of an information analyst (DG) to include the
key concepts of TFCC, DRUJ instability, and ulnar avulsion
(Supplementary Material 1).

Additional articles were sourced by manually checking ref-
erence lists of articles identified via the search. Studies other
than in English or Spanish language were excluded. The review
protocol is registered on the international prospective register of
systematic reviews (PROSPERO; ID: CRD42017033327,
available via http://www.crd.york.ac.uk/PROSPERO/display
record.php?ID=CRD42017033327). Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines were followed.” The selection process is demonstrated in
the study PRISMA flowchart (Figure 2).

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria used to assess the full-
text articles for eligibility are summarized below.
Inclusion criteria:

e Studies of patients with 1B TFCC tears treated via
arthroscopic or open surgical repair;

e Age 18 to 65 years;

e Reporting the preoperative and postoperative DRUJ
stability status;

e Reporting at least one patient-reported outcome
measure (PROM) or clinical outcome measure;
Minimum follow-up of 12 months;

Randomized controlled trials, cohort studies, case-
control studies, and case series.

Exclusion criteria:

Central TFCC tears;

Peripheral tears other than type 1B;

Associated injuries;

Studies including surgical procedures in addition to

repair of the TFCC;

e Studies published prior to January 1, 1997, or after
December 31, 2016;

e Abstract-only publications;

e C(Case reports, editorials, letters, cadaveric studies,
and review articles;

e Full-text study reports other than in English or Spanish

language.

Outcome Measures

The primary outcome measure was restored stability of the
DRUJ at a minimum postoperative follow-up period of 12
months. The secondary outcome measures included patient-
reported outcomes and clinical outcome measures. The patient-
reported outcomes were the Modified Mayo Wrist Score, the
Disabilities of the Arm, Shoulder, and Hand (DASH) score, the
Patient-Rated Wrist Evaluation (PRWE) score, and the Visual
Analog Score (VAS). Clinical measures reviewed were grip
strength, range of movement, and treatment complications.
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Additional records identified
through other sources

(n=2)

Records identified through
database searching

PubMed: n=1384
Ovid Embase: n=17
CENTRAL: n=14

(n=3103)

/

/

(n=1846)

Records after duplicates removed

Abstract records screened

(n=1846)

Records excluded

(n=1801)

L

Full-text articles assessed for
eligibility

(n=45)

Full-text articles excluded
with reasons (n=42)

(supplementary table I)

\

Studies included in qualitative
synthesis

(n=3)

Studies included in
secondary “sub-group”
qualitative analysis

(n=7)

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart.

Note. CENTRAL = Cochrane Central Register of Controlled Trials.

Data Management and Quality Assessment

Two authors (VR, AF) independently screened records for
eligibility and extracted data. Quality assessment of studies
was performed using the Joanna Briggs Institute critical
appraisal tool checklist for case series studies” (Supple-
mentary Tables II and III). Disagreements were reviewed
by the senior authors (TL, AK).

Results

The results of the search and selection process are presented
in a PRISMA flowchart* (Figure 2).

Three studies fully met all the strict, predefined inclusion
criteria for this review.”*** There were no comparative stud-
ies (randomized controlled trials, cohorts, or case controls).
The 3 included studies were case series exclusively of

arthroscopic results. These studies were entered into the “pri-
mary analysis group” (Table 1).

We further identified 5 studies,' ****"** which would
have met the inclusion criteria bar the strict age range
applied and/or reporting of certain follow-up parameters.
Most importantly, these 5 studies report the DRUJ stability
status (primary outcome). Therefore, we also present a sep-
arate post hoc “secondary analysis group” of studies fulfill-
ing the modified inclusion criteria.

Modified inclusion criteria:

e Studies with a mixed age population (age range <18
or >65), if the mean age of participants was within
the 18 to 65 range;

e Studies where the minimum follow-up for some
patients was less than 12 months, provided that the
mean study follow-up was at least 12 months.
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Table I. Primary Analysis Group (Demographic Details, Follow-up, and Outcome Measures).

Open Arthroscopic
Kim et al*® Iwasaki et al*® Bayoumy et af*?
N/A (n=15) (n=12) (n=137)

Mean age (range) 30.5 (19-54) 31 (20-50) 23.3(18-34)
Mean follow-up, mo 29 30 24
Unstable preoperatively, % 100 (15/15) 100 (12/12) 0 (0/37)
Unstable postoperatively, % 0 (0/15) 0(0/12) N/A
% remaining unstable 0 0 N/A
DASH: preoperative 28.4 59.5 29.9
DASH: postoperative 16.6 (P = .06) 7.7 (P < .0001I) 10.2 (P < .05)
VAS: preoperative — 72.1 7.6
VAS: postoperative — 10 (P < .0001I) 2.9 (P<.05)
Mayo: preoperative 64 Unknown 62.1
Mayo: postoperative 84 (P = .007) 92.5 91.2 (P <.05)
Mayo postoperative results

Excellent and Good =12 n=12 —

Fair and Poor =3 n=20 —
Grip strength, % of contralateral

Preoperative 79.3 92.7 82.5

Postoperative 82.9 (P = .086) 106.3 (P = .003) 89
Complications

ECU tendinitis n=| n=2 —

DSBUN neurapraxia n=1

EDM extensor lag — — n=1

Note. DASH = Disabilities of the Arm, Shoulder, and Hand; VAS = Visual Analog Score; ECU = extensor carpi ulnaris; DSBUN = dorsal sensory

branch ulna nerve; EDM = extensor digiti minimi.
*IB tears with a stable distal radioulnar joint.

Two further studies were also entered into the secondary
analysis group (Table 2).'%** Nakamura et al** did not report
PROM or clinical measurement outcomes; however, it was
included because it met the modified inclusion criteria and
included both arthroscopic and open techniques. The study
by Luchetti et al'® was also included, despite having patients
with an associated injury or additional interventional proce-
dures, because it is the only published study in which the
design was such that a direct comparison of arthroscopic
versus open 1B repairs was reported.

A common reason for study exclusion in the primary
analysis was that different TFCC tear subtypes were often
grouped together in the analysis.'*'***** Several studies
were excluded due to ambiguity regarding which of their
subjects had associated injuries or concurrent procedures.”*’
However, for one study,3 3 we were able to contact the senior
author to clarify their methodology and include the study in
the “secondary analysis group” (Table 2).

Results in the Primary Analysis Group

These 3 studies only included arthroscopic repairs.**>°

The 27 subjects included in Kim et al** (n = 15) and Iwa-
saki et al”” (n = 12) had an unstable DRUJ preoperatively. In

all 27 cases, DRUJ instability was restored at follow-up
(Table 1). In terms of secondary outcome measures, both
studies showed an improvement in DASH scores and grip
strength postoperatively; however, a statistically significant
difference for these outcomes was only reported in the
smaller study (n = 12; Iwasaki et al’’). The latter also
showed a statistically significant improvement postopera-
tively in VAS scores, from 72.1 to 10 (P < .0001). Kim
et al’ demonstrated a significant improvement in Mayo
score from 64 to 84 (P = .007), and overall, both studies
reported an “excellent” or “good” result in 24 of 27 cases
and a “fair” or “poor” result in 3 of 27 cases for the
arthroscopic procedure (Table 1).

The third study in the “primary analysis group” (Bay-
oumy et al**; n = 37) included patients with ulnar-sided
wrist pain, which worsened on grasping or ulnar devia-
tion, but without instability of the DRUJ preoperatively.
This suggests a distal 1B peripheral tear, not a destabiliz-
ing proximal 1B tear.”® Hence, the primary outcome
measure of regained stability could not be assessed;
however, the study showed statistically significant
improvements in the secondary outcome measure-
ments—DASH, grip strength, VAS, and Mayo scores
postoperatively (Table 1).
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Results in the Secondary Analysis Group

Of the 7 studies entered into the “secondary analysis group”
(Table 2), 2 studies included nonrandomized comparisons
of arthroscopic and open treatment of 1B TFCC tears
(Nakamura et al** [n = 90] and Luchetti et al'® [n = 49]).
By combining data from these studies, open repair tech-
niques restored DRUJ stability in 76 (84%) of 90 patients
and arthroscopic repair in 41 (84%) of 49 cases. The sec-
ondary outcome measures of interest were reported only by
Luchetti et al'® with statistically significant improvements
in DASH (P < .001), VAS during activity (P < .001), and
PRWE (P < .001).

The remaining 5 studies in the “secondary analysis
group” (Table 2) were case series of arthroscopic-only
repair of 1B tears.'>'****"*Three studies included 74
patients who presented with DRUIJ instability preopera-
tively (Woo et al’* [12/12], Atzei et al'* [48/48], and Jegal
et al’' [14/19]). In total, when combined with arthroscopic
repairs in the above cohorts (Nakamura et al*’ and Luchetti
et al'®), 102 (83%) of 123 patients regained DRUTJ stability.
In terms of secondary outcome measures, these authors
reported an improvement (Table 2). All patients presented
by Wysocki et al'’ (n = 29) and Yao and Lee” (n = 12) had
a stable DRUIJ preoperatively, which is similar to Bayoumi
et al”™® (n = 37) in the “primary analysis group,” suggesting
a distal 1B tear. There were limited data available on sec-
ondary outcome scores for these studies.

Open Versus Arthroscopic Treatment in Relation
to Resolving DRUJ Instability

By pooling data from the primary and secondary analysis
groups (Table 3), the SR suggests that postoperative stabil-
ity can be expected following open repair in 84% (76/90) of
cases and following arthroscopic repair in 86% (129/150)
of cases, ie, comparable results.

Complications

Documented complication rates were low and all complica-
tions were reported to resolve. The 2 studies which assessed
both arthroscopic and open techniques reported no compli-
cations at all'®** (Table 2).

Discussion

The aim of this SR was to assess the merits of arthroscopic
repair versus open repair for peripheral 1B tears in the con-
text of DRUJ instability. This SR demonstrates that the cur-
rent evidence for surgical management of peripheral 1B
TFCC tears consists primarily of low-level studies (retro-
spective case series). Our overall evidence-based conclu-
sion is that both techniques provide similar good outcomes.

The study’s predefined inclusion and exclusion criteria
reflect what we felt should be the ideal study population,
aiming to eliminate confounding factors such as concomi-
tant injuries and other surgical procedures. An age range
between 18 and 65 years covers the working-age population
and excludes patients with skeletally immature wrists and
older patients where the presence of osteoporosis and coex-
isting arthritic changes is more likely.*® Also, a minimum
follow-up period of 12 months was deemed important to
ensure outcomes for each subject were assessed at a reason-
able time postoperatively, allowing maximum recovery.
Another important strength is that we only included studies
that clearly defined whether the TFCC tear had caused
instability to the DRUJ. It is essential to know the “stability
status” of the DRUJ as instability entails a 1B peripheral
tear to the proximal part of the TFCC, making a reattach-
ment to the fovea of the ulnar head necessary,*’ as opposed
to a stable joint where the distal part is torn and the need for
repair remains questionable.*

In accordance with these strict predefined inclusion cri-
teria, only 3 case series of arthroscopic repair techniques
were reported in our “primary analysis group,” making any
comparison redundant. As described in the methods, we
further identified 7 studies that marginally missed the inclu-
sion criteria—our “secondary analysis group.” Most impor-
tantly, these 7 studies did report the DRUJ stability status
(primary outcome). We felt that not considering these “sub-
optimal” studies altogether, despite their limitations, would
consist of underreporting the existing literature.

The secondary analysis group allowed comparison of
arthroscopic and open repair of type 1B peripheral TFCC
tears, showing no gross differences in outcomes and com-
plications; most cases regained postoperative stability, irre-
spective of technique. The complication risk may be weakly
in favor of open procedures as they had no reported compli-
cations, as opposed to a number of minor transient compli-
cations after arthroscopic procedures (Tables 1 and 2).
Interestingly, arthroscopic repair of TFCC tears in patients
with a stable DRUJ'*?*? resulted in statistically significant
improvements in DASH and VAS scores, suggesting that all
type 1B peripheral tears may merit a repair, at least regard-
ing pain relief and overall function. However these results
must be interpreted with great caution, due to the biases
introduced by any nonrandomized comparison (primarily
selection bias) and the poor methodological quality of the
studies.

The main limitation of this study was the lack of good-
quality comparative studies of open repair to arthroscopic
procedures. Many TFCC lesions reported in the literature
are associated with distal radius fractures. These fractures
have an impact on wrist function per se, whether or not they
require operative fixation.* We identified several weak-
nesses of the included studies, which limit the reliability
of their results (Supplementary Tables II and III): the
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Table 3. Combined Assessment of Cases With DRUJ Instability Preoperatively for Both Primary and Secondary Analysis Groups,

Comparing Open and Arthroscopic Treatment.

Preoperatively (all unstable)

Postoperatively stable

Postoperatively unstable

Open (n = 90)
Arthroscopic (n = 150)

76 (84.4%)
129 (86%)

14 (15.6%)
21 (14%)

methodology, in particular the inclusion criteria, was not
always clear; the majority did not clarify whether consecu-
tive inclusion of participants occurred, which may have led
to selection bias. Furthermore, a variety of differing tech-
niques of assessing DRUJ stability were described across
studies: each study implemented one or more clinical tests
combined with, in some studies, an arthroscopic assessment
of instability features. Although accepted as current prac-
tice, this lack of a clear and standardized assessment of sta-
bility status is a major limitation in pooling results.
Furthermore, an array of different repair techniques was
described by the authors under “umbrella terms” of open or
arthroscopic repair.

Conclusions

This SR demonstrates current lack of the high-quality evi-
dence required to draw firm conclusions on the merits of
arthroscopic versus open repair of 1B TFCC tears with
DRUJ instability preoperatively. This is not only due to the
design and methodological flaws of existing studies but also
due to the fact that type 1B tears are a difficult condition to
research in isolation, as they often present with associated
injuries that may require concurrent surgical procedures.

The available evidence suggests that both open and
arthroscopic methods of repair adequately address DRUJ
instability in most of the cases (over 80%), with similar
rates of persisting instability. Secondary outcome measures
were also seen to improve for both techniques. In cases with
no preoperative DRUJ instability, where the need for repair
is controversial,”* secondary outcome scores also improved
postoperatively.

It is brutally obvious, based on this SR, that we have to
improve our evidence-based knowledge by setting up pro-
spective, preferably randomized studies, where there is no
bias from the researchers/surgeons in the study design. It
is well known that keen “wrist arthroscopists” are mostly
in favor of an arthroscopically assisted approach as
opposed to “anatomists” who with excellent dissection
will favor an open approach. There are obvious advan-
tages and disadvantages with both techniques, but it is
reassuring that the current literature supports the surgeon
to use any of the 2 options as outcome, and complications
will be very similar.
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