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Effectiveness of suture anchor e

and transosseous suture technique
in arthroscopic foveal repair of the triangular
fibrocartilage complex: a systematic review

Hsuan-Hsiao Ma'*3¢, Jung-Pan Wang' and Chen-Yuan Yang*>"

Abstract

Background Currently, there were two major surgical methods for arthroscopic triangular fibrocartilage com-
plex (TFCC) foveal repair: suture anchor (SA) and transosseous suture (TOS). The purpose of this systematic review
is to examine the relevant outcome improvement and safety of SA and TOS technique.

Methods Literature review of electronic databases for studies investigating the effects of SA and TOS in patients
undergoing arthroscopic TFCC foveal repair was performed. We compared the pre-operative and postoperative
functional outcomes, clinical outcomes [pain, range of motion (ROM) and grip strength], and complications of two
methods. Minimal clinically important difference (MCID) was used to determine clinically meaningful improvement.

Results There were 1263 distinct studies identified, with 26 (904 patients) meeting the inclusion criteria. The mean
age of participants ranged from 21.4 to 41 years, and the mean follow-up time ranged from 6 to 106 months. Both SA
and TOS groups reported significant improvement in the modified mayo wrist score, the disabilities of the arm, shoul-
der, and hand (DASH) score, quick DASH score, patient-reported wrist evaluation (PRWE) score, and the visual analog
scale (VAS) score. According to MCID, all the studies from both groups reporting DASH, quick DASH, PRWE and VAS
score achieved clinically meaningful improvement. (MCID: 10 for DASH, 14 for quick DASH, 14 for PRWE and 1.6-18
for VAS). The ROM changes in both groups varied from improvement to deterioration. Grip strength improved

in both SA and TOS group. Most complications were self-limited. The reoperation rates in SA and TOS ranged from 0
to 20% and 0 to 27.3%, respectively.

Conclusions Both SA and TOS technique for arthroscopic TFCC foveal repair could achieve improvement in post-
operative functional outcomes, pain, and grip strength with low reoperation rate. However, the ROM improvement
was still inconclusive.

Level of evidence IV Systematic review of level lll and IV studies.

Keywords Foveal repair, Transosseous suture, Suture anchor, TFCC, Triangular fibrocartilage complex, Wrist
arthroscopy, Arthroscopic foveal repair
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Introduction

Triangular fibrocartilage complex (TFCC) injury is the
primary cause of ulnar side wrist pain after trauma [1].
Besides pain, these patients usually suffer from range of
motion (ROM) impingement, grip strength deterioration
and functional impairment. Surgical repair is commonly
indicated if symptoms and signs do not improve after
conservative treatment with long arm cast or sugar tong
splint for 6—8 weeks.

Following Palmar’s work and classification [2, 3],
arthroscopic capsular repair for Palmar 1B lesions
becomes majority of surgical treatments [4, 5]. With the
progress in functional anatomy of TFCC [6], the major
stabilizer of distal radio-ulnar joint (DRU]J) is found to
be the proximal limb of volar and dorsal DRU]J ligaments
[7], not the distal limb responsible for shock absorption.
Based on these distal and proximal limb concept, Atezi
proposed a treatment-oriented classification for Palmar
1B lesion [8] and emphasized the importance of reattach-
ing the reparable disrupted proximal limb (Atzei class 2/
class 3 lesion) back to its foveal insertion to restore DRU]J
stability.

The TECC foveal repair techniques could be divided
into two major surgical methods: the suture anchor (SA)
technique and transosseous suture (TOS) technique,
the former relies on anchor with sutures implanted over
fovea and the latter relies on bone tunnel through fovea
to pull back the avulsed TFCC proximal component.
Because most of the previous studies are retrospective
case series with small sample size, the surgical results

Records identified through
database searching
(n=1263)
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after each technique remain unclear. Therefore, the pur-
pose of this systematic review is to examine the effective-
ness of SA and TOS technique for arthroscopic foveal
repair by comparing the pre-operative and postopera-
tive clinical outcomes [pain, grip strength, and range of
motion (ROM)], functional outcomes and complications.
We hypothesized that both SA and TOS techniques have
significant clinical improvement in functional outcomes
and similar complications rates.

Methods

This systematic review adhered to the guidelines of the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) [9] (Fig. 1).

Search strategy

A systematic search of the literature was conducted
on 1 June, 2023; we surveyed clinical studies that used
arthroscopic fovea repair to treat TFCC injury. PubMed,
Embase, Clinical Key, Cochrane CENTRAL, ProQuest,
Science Direct, and Web of Science were the primary
electronic databases used to find relevant articles. A
manual search was also conducted in the reference list
of relevant articles and on the clinical trial registry’s
website (https://clinicaltrials.gov/). The current system-
atic review had the following PICO (population, inter-
vention, comparison, and outcome) settings: P, patients
undergoing arthroscopic wrist surgery for TFCC injury;
I, arthroscopic TFCC fovea repair with suture anchor
or transosseous repair; C, preoperative status; O: wrist

Records identified through
registry or other sources

(n=0)

Records identified (n=1263)

Duplicated records excluded (n=627)
Removed for other reasons (n=0)

Records after duplicates

removed (n=636)

Excluded by title and abstract (n=581)

Full-text articles assessed

for eligibility (n=55)

Articles excluded

(1) Capsular repair (n=15)

(2) Open repair (n=5)

(3) Insufficient/ Mixed result data (n=9)

Studies included in
systematic review (n=26)

Fig. 1 Flow diagram showing the methods to search and identify the included studies
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function, range of motion (ROM), grip strength and pain
[Visual Analogue Scale (VAS)]. Two authors searched
electronic databases independently using the following
keyword combinations: (“arthroscopy” OR “arthroscopic
surgery”) AND (“Triangular fibrocartilage complex” OR
“TFCC”). During the search, no language restrictions
were imposed.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) 18 years of
age or older with wrist injury, (2) enrollment in a group
undergoing arthroscopic-assisted TFCC foveal repair,
and (3) assessment of wrist clinical outcomes before
and after surgery. The exclusion criteria were as follows:
TECC open repair, TFCC capsular repair, cadaveric
study, child or adolescent study, Atzei class 1 TFCC tear,
revision surgery of TFCC repair, mixed results of differ-
ent arthroscopic repair procedures, and concomitant
ulnar shortening osteotomy.

Data extraction

The abstracts of articles included in our review were
screened by two authors. If there was any disagreement
about whether the articles were eligible for this system-
atic review, a decision was reached through the third
author opinion. We then obtained the full texts of rele-
vant articles, from which we extracted the relevant data
from the tables. The first author’s name, year of publica-
tion, study type, patient demographics, clinical and func-
tional outcome measurements, postoperative adverse
events, as well as postoperative protocols, including
details about immobilization methods and rehabilitation
programs, were all extracted.

Study quality assessment
Included research was evaluated using the methodologi-
cal index for non-randomized studies (MINORS) [10].
Both of the aforementioned authors worked indepen-
dently on the process, and any disagreements that arose
were resolved through either discussion or a decision
made by the third author. The following aspects of the
study were assessed: the number of cases and the degree
to which they were representative of the population; the
selections and definitions of controls; the degree to which
cases and controls could be compared; and the ascer-
tainment, consistency, and non-response rates of expo-
sure. In terms of case series, the maximum score is 16;
while for comparative studies, the maximum score is 24
referred from MINORS checklist.

If the included article was designed as randomized
controlled trial (RCT), the Cochrane Collaboration’s tool
[11] was used for study quality assessment.
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Statistical analysis
The primary outcomes were changes in wrist func-
tion score before and after arthroscopic-assisted TFCC
fovea repair, while secondary outcomes were changes in
visual analog scale for pain, ROM, grip strength before
and after arthroscopic-assisted TFCC foveal repair.
Minimal clinically important difference (MCID) was
used to determine clinically meaningful improvement.
The average of overall complication, knot irritation,
neuropraxia, and reoperation was also presented. The
effect size used in this systematic review was the mean
differences. Forest plot was used to show the outcome
evaluation and also was performed in accordance with
the surgical technique (TOS vs. SA). Given as study
heterogeneity and the overall studies which are mostly
retrospective and non-comparative, the meta-analysis
was precluded. As a result, all values were reported as
range of mean differences individually. The inter-rater
reliability from the degree of the quality assessment
was calculated by Cohen’s kappa.

All analyses and graphics were conducted using Com-
prehensive Meta-analysis Software v4 (Biostat, Engle-
wood, NJ, USA).

Result

Literature search

Initially, 1263 relevant articles were identified using
the search strategy (Fig. 1). Using the reference man-
agement software, Endnote X9 (Clarivate, Cologne,
Germany), 627 duplicate records were removed. A
total of 581 studies were excluded after reading titles
and abstracts, and further 29 studies were excluded
after reading the full article: 9 for mixed or insufficient
result data, 5 for using open repair and other 15 only
doing capsular repair instead of fovea repair. Finally,
26 articles were included in our systematic review. The
baseline characteristics of the 26 included studies are
summarized in Tables 1 and 2 with SA and TOS tech-
nique, respectively. The average age of participants was
31.3 years. The mean age of participants ranged from
21.4 to 41 years and the mean follow up time ranged
from 6 to 106 months. The percentage of women was
36%. The studies included 17 case series and 9 compar-
ative studies. Among the 9 comparative studies, seven
used a retrospective design, and two used a prospective
design [12, 13]. All included studies employed arthro-
scopic TFCC foveal repair. In addition, the immobili-
zation methods (splint, cast, brace, duration and joint
position) and the rehabilitation program (ROM train-
ing and strengthening exercises) have been detailed in
the supplement (Additional file 1: Table S1 and Addi-
tional file 2: Table S2).



Page 4 of 15

(2024) 19:72

Ma et al. Journal of Orthopaedic Surgery and Research

uolen|eAd 1sum pajel-juaned FMYd ‘PUBRY pue JI9pINoYs ‘Wie

4O S3NU|IGESIP HSYQ ‘1025 ISHM OKRIA PSYIPOW SM ‘[B13 PS||0JIUOD PIZIWIOPUEI | DY ‘PIPI0ISI JOU YN ‘UOISUSIX3-UOIX3Y 3 ‘uoneuldns—-uoleuold 4 ‘uonow jo abuel oy ‘o1eds anbojeue [eNSIA SY//A ‘Bjew jy ‘Sjewsy 4

(%S2) S1 34Sd HSYQ 'SMIAW 9¢e 1'C L'9C 951Gk 104 SEIIENEN:}) [€7] e 19 Yo
(%001) € A IMYd "HSYA XIND ‘SMIAIA A T 49 g'Le 0zol o€ 104 [C1] 139 ygy
(%£9) L A 34'Sd A Syl ¥9 ok 019 9l SEIIENEN:}) [9z] e M

0 A EE A 9 YN Sl i [44 |013U0d 358D [S1]e33 buny

0 IMYd "HSYA XPIND A ¥'6C v/ 80¢ €C S SRS 9se)  [Ly] e 19 Dalleunsy

(%€°€€) 8 A 34'Sd IMYd "HSYA PIND A a4 YN ¥ LLEL 14 EEIIENEN ) [G7] e 12 seizny
(%¥0L) S A 34'sd HSYA ‘SMAW A €€ L e 8C:0C 8f FEIENEN:S) [G€] [e1 192y
(%60) L A 34'sd IMYd 'HSYA 'SMNA A L€ €l 33 [kl 14 |0Nu0od 358D [¥2] e 18 mayonT

(%L9) | A HSYA ‘SMIAW 6C €l So¢ Ly Sl EEIENEN:S) [7E] e 1o Wiy

(%) uonedydwod WoY alodsuondund  SYA

(syauow) (syruow) K136ans

juswidinseaw awodnQ  dn-mojjo4 o)} finfurwoi4 (s1eak)aby  (/4) 19puan  Jaquinu ase)  ubisap Apnis S9DUDI9YY

183} [eanoy xa|dwod abe|iiedoiqy Jejnbuen} sy Jo Jledal Joyoue ainins d1dodsolyIe JO SosLIdRIRYD APNIS | d]qeL



Page 5 of 15

(2024) 19:72

Ma et al. Journal of Orthopaedic Surgery and Research

uoien|eAs 1sum pajel-juatied IMYd ‘PUBY pue Jap|nNoys ‘wie

JO S2N[IeSIP HSYJ ‘21035 1sLM OARIA PALIPOW SN ‘[B143 P3]|0JIUOD PIZIWOPUERI [ DY ‘PIPI0IDI 10U YN ‘UOISUSIXI-UOIX3}4 74 ‘Uonjeuidns—uoineuold §4 ‘uonow jo abues oY ‘djeds anbojeue [BNSIA Sy ‘Djew py ‘Dewdy 4

(%001) ¢ A 34'Sd SMINW L1 VN 9¢ 6:11 0¢ SolRs 958D [¥¥] e 12 BIRYOUIYS
0 A HSYQ #2IN0 ‘SMIAW A 69¢ 144 Lye GSLL 99  |0AUO0d se) [S¥] |1 weN

0 HSYA 'SMIAIW €S S 43 'S cl S9l9S 958D [61] usyD pue bue,

0 EE R IMYd ‘HSYA 'SMINN A 98¢ 8 (04 4k Al EEIENEND) [ov] '|e 39 3ied

0 A IMYd 'HSYA 'SMINN A 14 9¢ 6¢ 8ccl O  |0Auod 9se) [z€] e 1 Bunr

0 EE R HSYQ >IN0 A LE € 143 ycoc 144 $91U9S 9SeD)  [£€] UISUOWIIS pUR DINOUSPZOND

(9%002) 9 A IMPd "HSYA 2IND ‘SMIAW A ¥C 99 co¢ SLiGL 0€ 104 [¢l]1e19 yyy
(%291) S HSYA 'SMIAW A 0L L S¢ 6:lC 0¢ Sol9s 9se) [c¥] e 12 Jswiweyey |
(%077) 1 A 34°Sd IMEd 'HSYA 'SMINA A Le 8 8¢ L18 Gz |0huod ased) [ev]Te1ma NN
0 A EE| A 9 VN ¥'8¢ 144 8 |03U0D 85D (511732 Buny
(%S°2)9 A HSYA $PIND SMIAW A 144 S0l 8'L¢C 95¥C 08  |0AUOd 3se) [6€] 1|2 19 >1ed
0 A 34'Sd IMYd 'HSYA 'SMINN A [4°14 vl €6¢ 6C€l i |0uU0d 9seD [L€] e 1o Bunr

0 9G¥ 8¢ vie €l Sl SOLDS 9seD) [0€] e 18 uung

0 A HSYQ >IN0 'SMIAIN A R4 g8 1433 o 0l S9lI9S 957 [6¢]>14ed pue xjied

0 A HSYQ 2IND 'SMIAIN A I'Le Ll 86C 484 ol S9l9S 958D [87] e 19 >ed

0 A 34°Sd A re g8 143 VN l¢  |ojuod esed [8€] 1212 oqy

(%t L¥) 6 A IMYd ‘HSYA 39 9 JAS 118 6l S9lISS 95D [£€] 1233 |ebar
%e/0) € A 34'Sd SMINW 0¢ L6 Lc L'y Ll S9USS 9587 [£T] "[e 39 BiRYOUIYS
(%L91)C A 34'Sd HSvYd A 0¢ 8 L€ 99 4 S9lI9S 9587 [9€] "[e 13 plesem|

(%) uonesydwoy dun WOY 2103s UoIdPUN{  SYA (syjuow)
(syauow) £136ins 0y

juswainseaw swodinQ dn-mojjo4

Ainfurwouq (s1eak) 9by (W/4) 19pusD Jaquinuase) ubisap Apnis

S9OU3.19j)9Y

183} [ean0) x2|dwod abe|ied0Iqy Jejnbuepl 3y Jo Jiedal snosssosues) d1dodSoIYe JO SDISHIORIRYD APNIS T djqeL



Ma et al. Journal of Orthopaedic Surgery and Research (2024) 19:72

Quality assessment
Methodologic quality assessment of the enrolled studies
except Afifi et al. based on MINOR score is presented in
Table 3. The mean MINOR score of the non-comparative
studies was 9.5. The mean MINOR score of the compara-
tive studies was 17.1. The kappa ratio was 0.79 which was
located at the interval of substantial agreement.

Afifi et al. [12], which was designed as RCT, was
assessed by Cochrane Collaboration’s tool. All the
domain was showed low risk of bias.

Wrist function between preoperative and postoperative
status

There was total 22 studies reporting the wrist function
scores before and after surgery (Fig. 2). For modified
mayo wrist score (MMWS), the difference between pre-
operative and postoperative status were compared in 17
studies. The range of difference in means of SA group was
20.0-39.0. Among these 5 SA studies, all reported signifi-
cant improvement. The range of difference in means of
TOS group was 10.5-50.0. Among these 13 TOS studies,
all reported significant improvement.

Table 3 Study characteristics and quality assessment*
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For DASH score, the difference between preoperative
and postoperative status was compared in 12 studies. The
range of difference in means of SA group was —28.6 to
—11.8. Among these 4 SA studies, all reported significant
improvement and reached minimal clinically important
difference (MCID:10 for DASH)!%. The range of differ-
ence in means of TOS group was —51.8 to —18.6. Among
these 8 TOS studies, all reported significant improvement
and reached minimal clinically important difference.

For PRWE, the difference between preoperative and
postoperative status were compared in 9 studies. The
range of difference in means of SA group was 31.0-
74.4. Among these 4 SA studies, all reported significant
improvement and reached minimal clinically important
difference (MCID:14 for PRWE)!3, The range of differ-
ence in means of TOS group was 22.2-50.8. Among these
6 TOS studies, all reported significant improvement and
reached minimal clinically important difference.

For quick DASH score, the difference between preoper-
ative and postoperative status were compared in 8 stud-
ies. The range of difference in means of SA group was
—41.8 to —27.3. Among these 3 SA studies, all reported

References Level of evidence Study design MINORS score
Nam et al. [45] Il Retrospective comparative study 19
Shinohara et al. [44] Il Retrospective case series 11
Gvozdenovic and Simonsen [33] I\ Retrospective case series 11
Jungetal.[32] Il Retrospective comparative study 18
Park et al. [40] % Retrospective case series 13
Yang and Chen [19] v Retrospective case series 10
Yeh et al.[23] v Retrospective case series 10
Hung et al. [15] Il Retrospective comparative study 15
Liu et al. [43] Il Retrospective comparative study 16
Lu et al.[26] I\ Retrospective case series 8
Thalhammer et al. [42] v Retrospective case series 12
Auzias et al.[25] % Retrospective case series 8
Kermarrec et al. [41] I\ Retrospective case series 8
Park et al. [39] Il Retrospective comparative study 19
Dunn et al.[30] 1\ Retrospective case series 8
Jung etal[31] Il Retrospective comparative study 18
Abe et al. [38] Il Retrospective comparative study 16
Park et al. [28] Y Retrospective case series 9
Park and Park [29] \% Retrospective case series 9
Jegal et al. [37] Y Retrospective case series 8
Atzei et al. [35] \% Retrospective case series 8
Luchetti et al.[24] Il Prospective comparative study 16
Kim et al. [34] % Retrospective case series 11
Shinohara et al. [27] % Retrospective case series 10
Iwasaki et al. [36] IV Retrospective case series 9

MINORS methodological index for non-randomized studies
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A. MMWS (Pre-op Vs. Post-op)
Group by Study name Statistics for each study Difference in means and 95% CI
TOS/SA
Difference Lower Upper
Total inmeans limit limit
SA Kim, 2013 15 20.000 7.582 32.418 —
SA Luchetti, 2014 25 34.000 26.490 41.510 -
SA Atzei, 2015 48 39.000 34.645 43.355 =
SA Afifi(SA), 2022 30 27.700 22.835 32.565 =
SA Yeh, 2022 201 33.900 33.547 34.253 | |
-100.00 -50.00 0.00 50.00 100.00
TOS Shinohara, 2013 1 24.000 16.835 31.165 -
TOS Park, 2018 16 21.600 12.716 30.484 —
TOS Park and Park, 2018 10 23.600 11.064 36.136 ——
TOS Jung, 2019 42 10.500 7.987 13.013 -
TOS Park, 2020 80 25.000 10.664 39.336 ——
TOS Liu, 2021 25 20.000 5.985 34.015 —_——
TOS Thalhammer, 2021 30 30.000 27.275 32.725 -
TOS Afifi(TOS), 2022 30 31.700 26.426 36.974 -
TOS Jung, 2022 40 12,600 9.974 15.226 -
TOS Park, 2022 17 22.059 18.064 26.054 -
TOS Yang and Chen, 2022 12 50.000 25.651 74.349 ——
TOS Nam, 2023 66 25.800 22.842 28.758 -
TOS Shinohara, 2023 20 33.000 28.684 37.316 -
-100.00 -50.00 0.00 50.00 100.00
B. DASH (Pre-op Vs. Post-op)
Group by Study name Statistics for each study Difference in means and 95% Cl
TOS/ISA "
Difference Lower Upper
Total in means limit limit
SA Kim, 2013 15 -11.800 -17.431 -6.169
SA Luchetti, 2014 25 -21.000 -28.448 -13.552
SA Atzei, 2015 48 -27.000 -32.100 -21.900 | ]
SA Yeh, 2022 201 -28.600 -29.586 -27.614 | |
-100.00  -50.00 0.00 50.00  100.00
TOS Iwasaki, 2011 6 -51.800 -64.794 -38.806 -
TOS Jegal, 2016 19 -33.000 -39.540 -26.460 =
TOs Jung, 2019 42 -24.480 -28.578 -20.382 | |
TOS Liu, 2021 25 -27.000 -45.920 -8.080 —
TOS Thalhammer, 2021 30 -45.800 -49.391 -42.209 n
TOS Jung, 2022 40 -23.500 -27.773 -19.227 | |
TOS Park, 2022 17 -18.647 -23.725 -13.569 =
TOs Yang and Chen, 2022 12 -38.000 -56.505 -19.495 -+
-100.00 -50.00 0.00 50.00 100.00
C. PRWE (Pre-op Vs. Post-op)
Group b Study name for each study Difference in means and 95% Cl
TOS/SA .
Difference Lower Upper
Total in means limit limit
SA Luchetti, 2014 25 31.000 23.521 38479 =
SA Kermarrec, 2020 5 40.300 15.382 65218 —l—r
SA Auzias, 2020 24 74400 35696 113.104
SA Afifi(SA), 2022 30 41700 35504 47.896 | |
-100.00 -50.00 0.00 50.00 100.00
TOS Jegal, 2016 19 34.000 22.016 45.984 —-
TOS Jung, 2019 42 25970 23.415 28525 n
TOS Liu, 2021 25 26.000 7.780 44.220 —
TOS Afifi(TOS), 2022 30 50.800 46.244 55.356
TOS Park, 2022 17 22282 18416 26.148 | |
TOS Jung, 2022 40 26.310 23.875 28.745 | |
-100.00 -50.00 0.00 50.00 100.00
D. qDASH (Pre-op Vs. Post-op)
Groupby  Study name Statistics for each study Difference in means and 95% Cl
TOSISA N
Difference Lower Upper
Total inmeans limit limit
SA Auzias, 2020 24 -30.400 -49.596 -11.204
SA Kermarrec, 2020 5 -41.800 -52.419 -31.181 ——
SA Afifi(SA), 2022 30 -27.300 -32.964 -21.636
-60.00  -30.00 0.00 30.00 60.00
TOS Park, 2018 16 -25.100 -35.301 -14.899
TOS Park and Park, 2018 10 -22.000 -33.686 -10.314
TOS Park, 2020 80 -16.000 -25.175 -6.825 —
TOS Afifi(TOS), 2022 30 -23.000 -26.838 -19.162 | ]
TOS Gvozdenovic, 2022 44 -35.000 -59.218 -10.782
TOS Nam, 2023 66 -18.400 -22.957 -13.843 =
-60.00  -30.00 0.00 30.00 60.00

Fig. 2 Forest plot comparing preoperative and postope
Mayo Wrist Scores (MMWS) (A); The disability of the arm,
DASH (g-DASH) score (D)

rative function score of transosseous (TOS) group and suture anchor (SA) group: Modified
shoulder and hand (DASH) score (B); patient-rated wrist evaluation (PRWE) (C); and quick
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significant improvement and reached minimal clinically
important difference (MCID:14 for quick DASH score)'?.
The range of difference in means of TOS group was
—35.0 to —16.0. Among these 6 TOS studies, all reported
significant improvement and reached minimal clinically
important difference.

Difference in VAS for pain between preoperative

and postoperative status

For the VAS score, the difference between preoperative
and postoperative status was compared in 19 studies
(Fig. 3). The range of difference in means of SA group was
—6.35 to —4.00. Among these 7 SA studies, all reported
significant improvement. All the studies reached mini-
mal clinically important difference of VAS (MCID,
1.6-1.8) and reached substantial clinical benefit (SCB,
2.2-2.6) [14]. The range of difference in means of TOS
group was —9.80 to —1.88. Among these 14 TOS stud-
ies, all reported significant improvement. All the studies
reached minimal clinically important difference of VAS
(MCID, 1.6—-1.8) and 11 of 14 studies reached substantial
clinical benefit (SCB, 2.2-2.6).
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Difference in range of motion (ROM) between preoperative
and postoperative status

The flexion—extension ROM change between preop-
erative and postoperative status was compared in 14
studies (Fig. 4). The range of difference in means of SA
group was —15.9° to 29.4°. Among these 6 SA studies, 2
reported significant improvement, 2 reported no signifi-
cant improvement and 2 reported significant deterio-
ration. The range of difference in means of TOS group
was 1.0° to 41.1°. Among these 9 TOS studies, 5 reported
significant improvement, and 4 reported no significant
improvement.

The pronation—supination ROM change between
preoperative and postoperative status were compared
in 13 studies. The range of difference in means of SA
group was —4.0° to 15.3°. Among these 5 SA studies, 3
reported significant improvement, 1 reported no signifi-
cant improvement and 1 reported significant deteriora-
tion. The range of difference in means of TOS group was
1.10°-10.00°. Among these 8 TOS studies, 5 reported
significant improvement, and 3 reported no significant
improvement.

Difference in means and 95% CI

TOS/SA

Statistics for each study

Difference

Total inmeans

SA Luchetti, 2014 25 -4.000
SA Atzei, 2015 48 -5.000
SA Auzias, 2020 24 -6.100
SA Kermarrec, 2020 5 -6.350
SA Hung(SA), 2021 22 -4.630
SA Lu, 2021 16 -4.700
SA Afifi(SA), 2022 30 -6.000
TOS Iwasaki, 2011 6 -6.200
TOS Abe, 2018 21 -9.800
TOS Park, 2018 16 -2.900
TOS Park and Park, 2018 10 -3.400
TOS Jung, 2019 42 -1.880
TOS Park. 2020 80 -3.000
TOS Hung(TOS), 2021 8 -5.120
TOS Liu, 2021 25 -2.000
TOS Thalhammer, 2021 30 -6.000
TOS Afifi(TOS), 2022 30 -6.500
TOS Gvozdenovic, 2022 44 -4.900
TOS Jung, 2022 40 -1.900
TOS Park, 2022 17 -4.235
TOS Nam, 2023 66 -3.500
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Fig. 3 Forest plot comparing preoperative and postoperative visual analog scale (VAS) of transosseous (TOS) group and suture anchor (SA) group
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A. ROM (F/E) (Pre-op Vs. Post-op)
Group by Study name Statistics for each study
TOSISA Difference Lower Upper

Total inmeans limit limit
SA Luchetti, 2014 25 -4.000 -10.477 2477
SA Atzei, 2015 48 5700 -1.801 13.201
SA Auzias, 2020 24 -15.900 -23.130 -8.670
SA Hung(SA), 2021 22 12.130 8.869 15.391
SA Lu, 2021 16 29.400 25.874 32.926
SA Yeh, 2022 201 -3.000 -4.608 -1.392
TOS Iwasaki, 2011 6 8.700 4.581 12.819
TOS Shinohara, 2013 11 1.000 -3.691 5.691
TOS Abe, 2018 21 7.000 -0.955 14.955
TOS Jung, 2019 42 1.000 -1.356 3.356
TOS Hung(TOS), 2021 8 41.130 35.664 46.596
TOS Liu, 2021 25 21.000 6.284 35.716
TOS Gvozdenovic, 2022 44 7.000 4.374 9626
TOS Park, 2022 17 1.294 -1.269 3.857
TOS Shinohara, 2023 20 13.000 8.440 17.560

B. ROM (P/S) (Pre-op Vs. Post-op)
Group by Study name Statistics for each study
TOS/SA

Difference Lower Upper

Total inmeans limit limit

SA Luchetti, 2014 25 4.000 -4.507 12.507
SA Atzei, 2015 48 7.500 3.145 11.855
SA Auzias, 2020 24 11.000 3.367 18.633
SA Lu, 2021 16 15.310 8.699 21.921
SA Yeh, 2022 201 -4.000 -5.099 -2.901
TOS Iwasaki, 2011 12 10.000 1.665 18.335
TOS Shinohara, 2013 11 7.000 2.309 11.691
TOS Abe, 2018 21 4.700 -0.641 10.041
TOS Jung, 2019 42 2.100 -1.091 5.291
TOS Liu, 2021 25 10.000 2.992 17.008
TOS Gvozdenovic, 2022 44 7.000 3.310 10.690
TOS Park, 2022 17 1.100 -3.082 5.282
TOS Shinohara, 2023 20 5.000 1.179 8.821

-30.00

——
-
-15.00 0.00 15.00
—_—
e
——
-
—_—
-
|-.—
-15.00 0.00 15.00

60.00

60.00

30.00

30.00

Fig. 4 Forest plot comparing preoperative and postoperative range of motion (ROM) of transosseous (TOS) group and suture anchor (SA) group:
flexion/extension (F/E) (A); and pronation/supination (P/S) (B)

Difference in grip strength between preoperative
and postoperative status

For grip strength presented as percentages of con-
tralateral wrist, the difference between preoperative

and postoperative status were compared in 16 stud-
ies (Fig. 5). The range of mean differences of SA group

was from 3.6 to 46.8%. Among these 4 SA studies,
3 reported significant improvement, 1 reported no
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A. Grip (%) (Pre-op Vs. Post-op)
Group by Study name Statistics for each study Difference in means and 95% CI
TOS/SA "
Difference Lower Upper
Total in means limit limit
SA Kim, 2013 15 3.600 -0.220 7.420 I.-
SA Atzei, 2015 48 10.900 5.895 15.905 e
SA Afifi(SA), 2022 30 23.300 19.702 26.898
SA Yeh, 2022 201 46.800 46.442 47.158 .
-50.00 -25.00 0.00 25.00 50.00
TOS Iwasaki, 2011 6 13.600 8.642 18.558 -
TOS Shinohara, 2013 11 14.000 4.072 23.928 o
TOS Jegal, 2016 19 18.000 3.230 32.770 e
TOS Abe, 2018 21 17.400 11.743 23.057 ——
TOS Park, 2018 16 22.300 14.485 30.115 ——
TOS Park and Park, 2018 10 11.800 -0.535 24.135
TOS Jung, 2019 42 13.880 7.107 20.653 ——
TOS Park, 2020 80 15.900 12.343 19.457 k3
TOS Afif(TOS), 2022 30 23.000 19.089 26.911 -
TOS Jung, 2022 40 15.200 8.709 21.691 ——
TOS Park, 2022 17 13.417 8.888 17.946 -
TOS Nam, 2023 66 21.700 18.311 25.089 4
TOS Shinohara, 2023 20 24.000 19.022 28.978 -
-50.00 -25.00 0.00 25.00 50.00
B. Grip (Kg) (Pre-op Vs. Post-op)
Group by Study name Statistics for each study Difference in means and 95% ClI
TOSISA .
Difference Lower Upper
Total inmeans limit limit
SA Luchetti, 2014 25 2.000 -2.312 6.312 —il—
SA Auzias, 2020 24 8.000 2.539 13.461 —_—
SA Hung(SA), 2021 22 7.910 5.806 10.014 -
SA Lu, 2021 16 4820 3.192 6.448 =
SA Yeh, 2022 201 9.200 8.013 10.387 |
-25.00 -12.50 0.00 12.50 25.00
TOS Hung(TOS), 2021 8 7.630 1.285 13.975 —
TOS Liu, 2021 25 11.000 3.292 18.708 s E—
TOS Gvozdenovic, 2022 44 7.000 3.887 10.113 -
TOS Park, 2022 17 4147 0.925 7.369 -

-25.00 -12.50 0.00 12.50 25.00

Fig. 5 Forest plot comparing preoperative and postoperative grip strength of transosseous (TOS) group and suture anchor (SA) group: percentages
of contralateral wrist (A); and kilogram data of the operated wrist (B)

significant improvement. The range of mean differences For grip strength presented as kilogram data of the
of TOS group was from 11.8 to 24.0%. Among these 13  operated wrist, the difference between preoperative and
TOS studies, 12 reported significant improvement, 1  postoperative status were compared in 8 studies. The
reported no significant improvement. range of mean differences of SA group was from 2.0 to
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9.2 kg. Among these 5 SA studies, 4 reported significant
improvement, 1 reported no significant improvement.
The range of mean differences of TOS group was from
4.1 to 11.0 kg. Among these 4 TOS studies, all reported
significant improvement.

Complication and reoperation
The complications and reoperation events of SA group
were recorded in 9 studies. There were 2 studies reveal-
ing no complication after the surgery in SA group. The
complication rate in SA group ranged from 0 to 33.3%
(Fig. 6). Neuropraxia of dorsal cutaneous branch of ulnar
nerve ranged from 0 to 33.3% and suture knots irritation
ranged from 0 to 6.7%. The reoperation rate ranged from
0 to 20% (Fig. 7).

The complications and reoperation events of TOS
group were recorded in 19 studies. There were 11 studies
stated there was no complication after the surgery. The
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complication rate in TOS group ranged from 0 to 47.4%
(Fig. 6). Neuropraxia of dorsal cutaneous branch of ulnar
nerve ranged from 0 to 10% and suture knots irritation
ranged from O to 47.4%. The reoperation rate ranged
from 0 to 27.3% (Fig. 7).

Discussion

In this systematic review, we compare the preoperative
and postoperative clinical and functional outcome vari-
ables of the arthroscopic TFCC foveal repair studies, and
the results proved the hypothesis and showed significant
improvement of the postoperative functional score, pain,
and grip strength in both SA group and TOS group.

In the literature review, there were only two case con-
trol studies comparing the effectiveness of SA and TOS
for arthroscopic TFCC foveal repair, Hung et al. pre-
sented first retrospective study [15] and Afifi et al. pre-
sented first prospective randomized controlled trial of 2

Group by Study name Event rate and 95% CI
TOS/SA
Events/Sample size

SA Kim, 2013 1/15
SA Luchetti, 2014 1125
SA Atzei, 2015 5/48 . ]
SA Auzias, 2020 8/24 =
SA Kermarrec, 2020 0/5
SA Hung(SA), 2021 0/22
SA Lu, 2021 1/16
SA Afifi(SA), 2022 3/30 —
SA Yeh, 2022 15/201 -

0.00 0.25 0.50 0.75 1.00
TOS Iwasaki, 2011 2/12 -
TOS Shinohara, 2013 3/11 -
TOS Jegal, 2016 9/19 i
TOS Abe, 2018 0/21
TOS Park, 2018 0/16
TOS Park and Park, 2018 0/10
TOS Dunn, 2019 0/15
TOS Jung, 2019 0/42 e
TOS Park, 2020 6/80 -
TOS Hung(TOS), 2021 0/8
TOS Liu, 2021 1725
TOS Thalhammer, 2021 5/30 e p—
TOS Afifi(TOS), 2022 6/30 —i
TOS Gvozdenovic, 2022 0/44 ——
TOS Jung, 2022 0/40 re—
TOS Nam, 2022 0/66 —
TOS Park, 2022 0/17
TOS Yang, 2022 0/12
TOS Shinohara, 2023 2/20 i ——

0.00 0.25 0.50 0.75 1.00

Fig. 6 Forest plot demonstrating the complication rate of transosseous (TOS) group and suture anchor (SA) group
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Group by Study name Event rate and 95% CI
TOSISA

Events/Sample size
SA Kim, 2013 3/15 ——
SA Luchetti, 2014 1725
SA Atzei, 2015 0/48
SA Auzias, 2020 0/24
SA Kermarrec, 2020 075
SA Hung(SA), 2021 0/22 -
SA Lu, 2021 0/16 —
SA Afifi(SA), 2022 0/30
SA Yeh, 2022 0/201
0.00 0.25 0.50 0.75 1.00
TOS lwasaki, 2011 0/12 !
TOS Shinohara, 2013 3711 |I
TOS Jegal, 2016 0/19
TOS Abe, 2018 0/21
TOS Park, 2018 0/16
TOS Park and Park, 2018  0/10
TOS Dunn, 2019 1715 e —
TOS Jung, 2019 0/42 .
TOS Park, 2020 0/80 p—
TOS Hung(TOS), 2021 0/8
TOS Liu, 2021 0/25
TOS Thalhammer, 2021 0/30 e
TOS Afifi(TOS), 2022 51730 ——
TOS Gvozdenovic, 2022 0/44 —
TOS Jung, 2022 0/40 _—
TOS Nam, 2022 0/66 e
TOS Park, 2022 0/17
TOS Yang, 2022 0/12
TOS Shinohara, 2023 1720 e
0.00 0.25 0.50 0.75 1.00

Fig. 7 Forest plot demonstrating the reoperation rate of transosseous (TOS) group and suture anchor (SA) group

equal groups and all surgeries performed by same sur-
geon [12]. Both studies showed comparable outcomes
in pain relief, and grip strength improvement. In this
systematic review, the clinical results, functional out-
comes and complications of the SA and TOS technique
for arthroscopic foveal repair of TFCC were comprehen-
sively evaluated.

The Forest plot in our study showed improved postop-
erative function scores, VAS and grip strength after sur-
gical repair of TFCC foveal rupture with suture anchor
or TOS technique. This result is consistent with previ-
ous case control studies comparing these two techniques
[12, 15] or systematic review focusing on arthroscopic
transosseous foveal repair [16]. Reattachment of avulsed
proximal limb of TFCC to its foveal insertion could effec-
tively restore DRU]J stability, thus reduce the pain, grip
strength weakness and functional impairment caused
by unstable DRUJ. The concept of foveal repair for Atzei
class 2 complete tear or Atzei class 3 proximal tears [8]

explained the inconsistent surgical results after capsular
repair for Palmar 1B tear lesions with DRU]J instabili-
ties [17]. Arthroscopic transosseous suture method was
first introduced by Iwasaki in 2009 with single suture
strand [18] and further modified with more comprehen-
sive suture configuration [19] as recent cadaveric stud-
ies demonstrated the three-dimensional morphology of
the TFCC foveal insertion [20, 21]. Arthroscopic suture
anchor repair utilizes one to two non-absorbable sutures
to reattach the disrupted TFCC proximal limb to the
anchoring fovea insertion site. Both techniques were reli-
able according to our study results.

Restoring the DRUJ stability is an important outcome
parameter after TFCC foveal repair surgeries, and clini-
cally Ballottement test was used to examine the DRUJ
stability by checking the volar-dorsal translation of ulnar
head while firmly holding the distal radius and carpal
bones in position. A biomechanical study has shown
[22] TOS technique showed greater resistance to ulnar
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translation than suture anchor technique in cadaveric
model of TFCC foveal tears. We tried to involve DRU]
stability as one of the outcome variables, but found it not
possible to be compared in the systematic review because
result of Ballottement test was difficult to be presented as
the percentage or distance of ulnar translation for data
analysis.

As for the ROM comparison between preoperative and
postoperative status, both the flexion/extension arc and
pronation/supination arc change in the suture anchor
group and TOS group were inconclusive. Postopera-
tive protocols, encompassing immobilization methods,
duration, positioning, as well as range of motion (ROM)
exercises and strengthening exercises, play a pivotal role
in facilitating the patient’s recovery. However, the reha-
bilitation protocols differed among the studies included
in both groups. The decreased ROM might result from
prolonged immobilization and delayed wrist rehabilita-
tion for 4—-8 weeks after surgery in postoperative pro-
tocol of Yeh [23], Luchetti [24] and Auzias [25]. On the
contrary, Lu [26] of the suture anchor group and most
of TOS group studies starts wrist flex/extension train-
ing 2—4 weeks after surgery to reduce immobilization
related scarring and stiffness. Prospective randomized
controlled trial is needed to clarify the exact relationship
between surgery, immobilization protocol, and ROM
improvement.

The overall complication rate in SA group was higher
than TOS group (8.8% vs. 6.6%), which would appear to
differ from previous comparative studies [12, 15]. In com-
plications of SA group, most cases (15/34=44.1%) result
from neuropraxia injury of ulnar nerve dorsal cutaneous
branch, which were almost self-limited in 2—4 months.
The cause of cutaneous nerve injury might result from
extreme supination position required to insert the suture
anchor into correct fovea insertion site through direct
fovea portal, which incision was usually not large enough
to prevent over-traction of the surrounding cutaneous
nerve. Neuropraxia occurred much less In TOS group
might because the operated wrist was almost kept in
neutral of slight supination position during whole pro-
cedure, and the medial longitudinal incision for bone
tunnel preparation and sutures retrieval provided more
space for surgeon to identify and protect the dorsal cuta-
neous branch of ulnar nerve.

In complications of TOS group, most cases
(17/34=50.0%) result from suture knots irritation, which
need surgical removal in total 8 cases [12, 27]. This is
because the suture knots were usually tied around ulnar
cortex of bony tunnel entrance underneath a thin layer of
soft tissue and skin. To reduce the knots irritation, proper
repairing the retinaculum [19] or buried the sutures with
knotless suture anchor [28-33] should be considered.
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Contrarily, the SA group have much fewer complications
of knot irritation because the knots were tied over TFCC
and hardly be felt outside the radiocarpal joint. Although
there is difference in occurrence rates and major cause of
complication, the reoperation rates were similarly low in
both groups (SA 1.0% vs. TOS 1.9%).

Limitation

The limitation of this systematic review was that most
of the included studies were case series, lack of high-
quality case control studies or prospective randomized
controlled trials. Furthermore, there are no universal
forms of function scores evaluation (MMWS, DAHS,
quick DASH, PRWE), but there are at least three studies
included in each subgroup analysis of functional scores.
DRUJ stability was not included for outcome analysis
due to no objective data for ulnar translation of Ballot-
tement test. Otherwise, the details in each surgical tech-
nique group (ex. transosseous tunnel number, tunnel
size, suture number, absorbable or non-absorbable mate-
rials, suture configuration and postoperative protocols)
could not be standardized and might cause bias in analy-
sis. While comparing intraoperative data, such as surgery
time and costs, could yield meaningful insights, these
results were not presented due to a lack of relevant data
from the enrolled studies. We anticipate conducting fur-
ther investigations when updated data becomes available.

Conclusions

Both SA and TOS techniques for arthroscopic TFCC
foveal repair could achieve improvement in postoperative
functional outcomes, pain, and grip strength with low
reoperation rate. However, the ROM improvement was
still inconclusive.

More prospective randomized controlled trials are
needed to further clarify the effectiveness and safety of
SA and TOS techniques in arthroscopic foveal repair of
the triangular fibrocartilage complex.
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