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Abstract. The triangular fibrocartilage complex (TFCC) is an
intrinsic stabiliser of the distal radioulnar joint (DRUJ), which
serves an important role in wrist movement, forearm rotation
and grip strength. A stable DRUIJ is a key requirement for
pain-free movement of the wrist. TFCC tears are a common
ulnar-sided wrist pain associated with decreased grip strength
and impaired function. TFCC tears are classified according
to the location and cause. The Palmer classification delineates
tears into traumatic type 1 and degenerative type 2. The present
study investigated the clinical outcomes of using micro suture
anchors in open repair in comparison with trans-osseous TFCC
repair. From July 2017 to July 2020, 51 patients underwent
open repair of TFCC tear by hand and upper limb surgeons
in Royal Rehabilitation Center at King Hussein Medical
Center (Amman, Jordan). Stability of DRUJ and tenderness
at the ulnar aspect of the wrist were evaluated by Disability
of the Arm, Shoulder and Hand (DASH) and Modified Mayo
Wrist Score (MMWS) pre- and post-operatively. A total of
38 patients (27 male and 11 females) underwent open repair
using micro suture anchors and 13 (7 male and 6 female) by
trans-osseous repair. A total of 51 patients in the follow-up
6-48 months had significant improvement in pain and range of
motion. A total of 45 patients showed improved grip strength
and were pain-free; six patients showed improvement of grip
strength and decreased pain. For the patients who underwent
TFCC repair by micro suture anchors, there was an improve-
ment of MMWS from 70 to 90%, and for those who underwent
TFCC repair by trans-osseous technique, MMWS improved
from 65 to 85%. There was also significant improvement in
DASH score post-operatively with both techniques, from
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60 to 15% in the trans-osseous technique and from 70 to 15%
in the suture anchors. Open repair of TFCC tears using either
micro anchor or trans-osseous repair led to pain-free range of
motion, improved grip strength, stable DRUJ and improvement
in DASH and MMWS scores, with no significant differences
in clinical outcome between techniques.

Introduction

Triangular fibrocartilage complex (TFCC) tears are a
common cause of ulnar-sided wrist pain and usually affect
the grip strength and wrist range of motion (1-3). TFCC
injuries were noted to increase with age, with a 49% preva-
lence among patients aged =70 and a 27% prevalence among
those aged <30 (4). TFCC also plays an important role in the
stability of the distal radioulnar joint (DRUIJ) by its foveal
attachment (1,2). The DRUJ joint consists of six primary
components, which are the dorsal and volar radioulnar liga-
ments, central articular disc, meniscus homologue, ulnar
collateral ligament, extensor carpi ulnaris (ECU) sub-sheath
and the origin of ulnolunate and ulnotriquetrial ligaments (2).
The radioulnar ligaments are separated into the deep fibres,
known as the ligamentum subcruentum, which are attached
to the ulnar fovea (5), while superficial fibres are attached to
the ulnar styloid.

The peripheral part of the TFCC is well vascularised,
while the central portion is avascular (6). Lesions of the TFCC
are classified according to the Palmer classification as either
traumatic (type I) or degenerative (type 1I) depending on the
cause of injury. Depending on the location of the tear within
the TFCC, type 1 is further classified into 1A isolated central
tears, 1B tears located on the ulnar side of the TFCC, also
called ulnar avulsion of the TFCC, 1C tears on the distal tear
of the TFCC (the origin of the ulnolunate and ulnotriquetrial
ligaments) and 1D radial avulsion (6,7). A traumatic tear
of the ulnar side of the TFCC (type IB) is one of the most
common causes of ulnar-sided discomfort and impairment in
the wrist (7-9).

Ultrasound imaging is a non-invasive method that uses
high-frequency sound waves to generate real-time images of
internal structures, enabling detection of translational move-
ment in the DRUJ without radiation or contrast agents (10).
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It allows for visualizing joint motion during active exercise,
facilitating the early identification of DRUIJ instability and the
development of improved treatment approaches (3,11).

Grayscale ultrasound imaging faces challenges due to
TFCC varied echogenicity, making it difficult to distinguish
injury from normal tissue. The central disk of the TFCC lacks
blood supply, while the periphery receives blood from nearby
vessels (2). Doppler signals are typically absent, but in certain
cases, small vessels along the ulnocarpal ligament may be
observable. The increased vascularity at the deep border of
the ulnocarpal ligament and the outer margin of the TFCC,
along with other indications such as joint widening and visible
gaps, aid in diagnosing TFCC injury (3). Power Doppler, a
specialized ultrasound technique that detects blood flow, along
with dynamic imaging during functional tasks, enhances the
diagnostic accuracy of TFCC injury (11).

For diagnosing tears in the TFCC, arthroscopy has been
considered the gold standard. However, arthroscopy and
magnetic resonance (MR) arthrography, despite their efficacy,
present certain drawbacks, such as invasiveness, prolonged
procedural durations, high cost and being operator depen-
dent (8,12-14). By contrast, high-resolution conventional MRI
offers a valuable non-invasive alternative for diagnosing TFCC
tears. This imaging modality provides an accurate imaging
protocol that detects the location and extent of injury without
invasive procedures. Studies have demonstrated the efficacy of
high-resolution conventional MRI in visualizing most surgi-
cally relevant TFCC pathology, making it a reliable diagnostic
tool (2,12).

Ultrasound and high-resolution MRI offer non-invasive,
accurate imaging for detecting DRUJ instability and diag-
nosing TFCC tears. These advancements improve diagnostics
and may lead to more effective treatment options for DRUJ
and TFCC injury (3,6).

Ulnar-sided wrist pain caused by TFCC injury is treated
initially using non-operative methods, including immobi-
lization, physiotherapy, cortisone injection (15,16). Surgery
is considered once non-operative treatment has failed.
Surgical interventions include arthroscopic debridement and
arthroscopic-assisted (outside-in, inside-out, all-inside) or
open repair. Ulnar shortening osteotomy is used to decrease
the load on the ulnocarpal joint, in the case of ulna abutment
association from ulna positive variance (1,17).

Treatment is chosen depending on the location of the
tear (15,18). Tears in the peripheral superficial parts of the
TFCC are sutured to the dorsal ulnocarpal capsule and the
ECU sub-sheath (18). TFCC tears in the deep part, which is
the main stabilizer of the DRUIJ, or any injury to its foveal
insertion can cause instability (19). Foveal avulsions are
considered as atypical variation on type 1B TFCC tear (20)
and are usually treated by reattaching the avulsed TFCC
region either by trans-osseous sutures or suture anchors,
which can be performed by either open or arthroscopi-
cally assisted repair (18,20). To the best of our knowledge,
however, functional outcomes are comparable and there is
no clear evidence regarding which technique gives better
results (15).

The present retrospective study aimed to compare func-
tional and clinical outcomes between open TFCC repair using
micro suture anchors and using trans-osseous sutures.

Materials and methods

Study overview and patient selection. The present retro-
spective comparative study aimed to evaluate the clinical
and functional outcomes of open TFCC repair using micro
suture anchors and trans-osseous sutures. The study included
51 patients who underwent open surgical repair between July
2017 and March 2021 performed by hand and upper limb
surgeons at the Royal Rehabilitation Centre, King Hussein
Medical Centre (Amman, Jordan). A total of 38 patients
(27 males and 11 females) underwent open repair using micro
suture anchors, while 13 (7 males and 6 females) underwent
trans-osseous repair.

Assessment and data collection. The present study included
patients with a specific tear pattern involving the Palmer
portion of the TFCC, known as TFCC tear Palmer type 1B.
These tears are typically caused by trauma or injury. The
patient population consisted of individuals between the ages
of 18 and 55 years to ensure a consistent and comparable
group for analysis, taking into account potential age-related
factors such as bone density, vascularization, comorbidities,
muscle mass and strength, that could affect the outcomes of
TFCC repair. The minimum follow-up time for patients was
6 months, with a mean follow-up period of 27 months. This
duration allowed comprehensive evaluation of long-term
outcomes and the assessment of the stability and effective-
ness of the surgical technique. Patients with arthritic changes
in DRUIJ or ulnocarpal abutment, as well as those with wrist
pathology in the contralateral side, were excluded to maintain a
homogeneous patient population without confounding factors
that could influence the outcome.

Grip strength assessment was performed using dynamom-
eter. Immediate preoperative assessments were conducted,
followed by evaluations at 2 weeks, and subsequently at 6,
12 and annually thereafter, compared with the contralateral
side. Wrist range of motion and presence or absence of pain
and local tenderness were recorded. Modified Mayo Wrist
Score (MMWS) was performed pre- and post-operatively, as
was the Disability of the Arm, Shoulder and Hand (DASH)
score (1,21-23). Pre-operative wrist MRI was used for diag-
nostic purposes.

Surgical procedure. Both surgical techniques utilized a
longitudinal skin incision at the dorsal aspect of the wrist
between the fifth (extensor digiti minimi) and sixth extensor
compartments (extensor carpi ulnaris; Fig. 1). The fifth
extensor compartment was opened, and the extensor digiti
minimi tendon was retracted to ensure adequate exposure of
the surgical field. Moving proximally, the sub sheath of the
extensor carpi ulnaris was opened and retracted in an ulnar
direction. This step facilitated clear visualization of the
underlying structures and allowed further exploration and
manipulation of the target area. Then, an L-shaped capsu-
lotomy was performed, extending longitudinally along the
margin of the sigmoid notch and angled towards the ulna,
proximal to the dorsal radioulnar ligament of the TFCC. A
second capsulotomy was performed transversely along the
distal edge of the dorsal radioulnar ligament to expose the
distal surface of the TFCC (Fig. 2). The implementation of
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Figure 2. Site of TFCC tear. TFCC, triangular fibrocartilage complex.

these capsulotomies in a standardized manner ensured consis-
tent and controlled access to targeted structures, allowing for
a thorough evaluation and appropriate management of the
TFCC during the repair process.

Trans-osseous group. In the trans-osseous suture technique,
0.062-inch K-wire was used to create two holes in the distal
ulna. These holes were carefully positioned, passing from the
dorsal aspect of the ulnar neck to the ulnar fovea. Subsequently,
two horizontal mattress 2-0 sutures were passed distally to
proximally through the periphery of the TFCC and the K-wire
holes (Fig. 3). This configuration ensured secure attachment
and stabilization of the TFCC. Sutures were tied over the ulnar
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neck with the DRUIJ joint reduced before suturing the TFCC,
and the forearm positioned in neutral rotation. To reinforce the
repair, the dorsal DRUJ capsule, and retinaculum were closed
together, while ensuring that the extensor digiti minimi tendon
was superficial to the retinaculum. The closure was not exces-
sively imbricated to avoid potential loss of pronation.

Suture anchor group. In the suture anchor technique, the
micro suture anchor was carefully positioned and inserted at
the ulnar fovea (Fig. 4), a key anatomical landmark within the
wrist joint (2). This small but robust anchor serves as a stable
point of attachment for the repair process (Fig. 3). Subsequently,
two horizontal mattress sutures, using high-quality suturing
material, were passed through the periphery of the TFCC,
ensuring secure and reliable fixation. These sutures reattached
the TFCC firmly to the ulnar fovea (Fig. 5), re-establishing its
proper anatomical position and restoring its key role in wrist
stability and function.

Following the surgical procedure, a long arm splint was
applied to the forearm, with the forearm rotated 45° towards
the most stable joint position, which was often in supination.
This splint was maintained for 2 weeks. At this point, the
splint was converted to a sugar tongue splint, worn for an
additional 4 weeks. Finally, a removable splint was utilized
for the subsequent 4 weeks to regain motion and facilitate the
healing process.

Statistical analysis. Data were analysed using SPSS
(version 27; https://www.ibm.com/products/spss-statistics). A
paired t-test was applied to assess paired data, comparing the
pre- and post-operative outcomes within each surgical tech-
nique group. P<0.05 was considered to indicate a statistically
significant difference. Data were presented as mean + SD.

Results

Functional assessment and comparison of surgical tech-
niques. All patients who underwent open TFCC repair either
by trans-osseous or micro anchor suture underwent a periodic
thorough assessment and evaluation of degree of pain, wrist
range of motion and grip strength using a dynamometer,
with assessment of both DASH and MMWS, to compare the
pre- and post-operative functional status for both surgical
techniques.

Range of motion enhancement. Significant improvements
in range of motion were observed in both the trans-osseous
suture and the suture anchor technique for patients under-
going open TFCC repair. In the trans-osseous suture group,
patients experienced significant gains in range of movement,
with mean flexion increasing from 37 to 46°, extension from
39 to 51°, radial deviation from 8 to 13° and ulnar deviation
from 18 to 26° (Table I). Similarly, in the suture anchor group,
patients exhibited significant enhancements in the range of
movement. Mean flexion increased from 39 to 51°, extension
from 41 to 56°, radial deviation from 10 to 14° and ulnar
deviation from 21 to 32° (Table IT). These findings suggest that
both the trans-osseous suture and the suture anchor technique
were highly effective in improving wrist range of motion. The
substantial improvements observed in flexion, extension, radial
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Figure 3. Micro anchor and trans-osseous technique illustration. TFCC, triangular fibrocartilage complex.

suture of micro anchor

Figure 4. Suture of the micro anchor inserted in the ulna fovea.

deviation and ulnar deviation demonstrate the positive impact
of these surgical techniques on enhancing range of movement
in patients undergoing open TFCC repair (Tables I and II).

Pain improvement. Significant improvements in pain were
observed in both surgical techniques, as indicated by the
MMWS and DASH score. In the trans-osseous suture group,
the pain score showed a marked improvement after 6 months,
increasing from 65% pre-operatively to 85% post-operatively,
demonstrating a significant enhancement in pain relief.
Similarly, in the suture anchor group, the pain score improved
significantly from 70% pre-operatively to 90% post-opera-
tively, indicating a significant increase in pain relief (Table III).

DASH score was used to assess the improvement in pain.
The results revealed a substantial improvement in pain from
the preoperative to postoperative period. Specifically, the pain
decreased significantly from 60 to 15% in the trans-osseous
suture group and from 70 to 15% in the suture anchor group.
In the micro suture anchor technique, all patients achieved a

Figure 5. Repaired TFCC. TFCC, triangular fibrocartilage complex.

pain-free state after a mean follow-up of 7 months, indicating a
substantial improvement in pain intensity. However, one patient
showed pain improvement from O points preoperatively to 15
points postoperatively according to the MMWS (Table III).

Similarly, in the trans-osseous technique, nearly all patients
were pain-free after a mean follow-up of 9 months. Only one
patient experienced improvement in pain intensity over a
longer post-operative period, showing pain improvement from
5 points preoperatively to 20 points postoperatively according
to the MMWS. Overall, the MM WS and DASH scores provide
strong evidence of significant improvements in pain following
surgery in both the trans-osseous suture and the suture anchor
group (Table IV).

Grip strength enhancement. Grip strength, measured using
a dynamometer and compared with the contralateral healthy
side, showed significant improvements in patients undergoing
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Table I. Mean wrist ROM improvement using the trans-osseous suture technique (compared with the contralateral side).

Movement Pre-operative ROM, ° Post-operative ROM, ° Improvement, ° P-value
Flexion 36.9+5.6 46.2+4.5 9 <0.001
Extension 389+4.5 51.2+6.0 12 <0.001
Radial deviation 79+2.1 13.2+2.5 5 0016
Ulnar deviation 18.1+4.5 26.3+4.0 8 <0.001
ROM, range of movement.

Table II. Mean wrist ROM improvement using micro anchor suture technique (compared with the contralateral side).
Movement Pre-operative ROM, ° Post-operative ROM, * Improvement, ° P-value
Flexion 39.1+5.9 51045 12 <0.001
Extension 41.0£7.5 56.0+3.9 15 <0.001
Radial deviation 10.0£2.0 14.1£2.0 4 0.016
Ulnar deviation 20.9+5.5 31.9+1.6 11 <0.001

ROM, range of movement.

Table III. Pain improvement according to MMWS and DASH score.

Pain assessment

Trans-osseous suture Micro anchor

Pre-operative pain MMWS score, %
Post-operative pain MMWS score, %

MMWS pain improvement, % (P-value <0.001)
DASH pain improvement, % (P-value <0.001)
Pain-free range of movement, %

65 70
85 90
20 20
45 55
90 97

MMWS, Modified Mayo Wrist Score; DASH, disability of the arm, shoulder and hand.

Table IV. MMWS and DASH score improvement.

Score Trans-osseous Micro anchor P-value
(%) (%)

MMWS 85 90 <0.05

DASH 15 15 >0.05

MMWS, Modified Mayo Wrist Score; DASH, disability of the arm,
shoulder and hand.

open TFCC repair using trans-osseous sutures. The mean grip
strength increased from 60% preoperatively to 90% postoper-
atively according to the MM WS, indicating 50% improvement
in grip strength following the trans-osseous suture technique
(Table V).

In patients undergoing open TFCC repair using suture
anchors, there was an improvement in grip strength post-
operatively. The mean grip strength increased from 65%

preoperatively to 90% postoperatively according to the
MMWS, demonstrating a significant 38% improvement in
grip strength following the suture anchor technique. These
findings highlight the effectiveness of both surgical techniques
in enhancing grip strength in patients undergoing open TFCC
repair (Table V).

Discussion

The present study aimed to compare the clinical and functional
outcomes of open TFCC repair using trans-osseous suture and
micro anchor suture technique.

Foveal disruption of TFCC is a common condition associ-
ated with DRUJ instability. TFCC tears significantly impact
wrist function and lead to persistent pain and instability.
Conservative treatment is the primary approach for managing
all types of TFCC injury. This treatment modality aims to
alleviate symptoms and provides provide symptomatic relief
in ~33% of patients (1). While non-surgical treatments are
successful for TFCC tears without DRUJ instability, surgical
intervention is necessary in cases where conservative measures
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Table V. Grip strength assessment.

Pre-operative

Post-operative

Grip strength

Surgical technique grip strength, % grip strength, % improvement, % P-value
Trans-osseous suture 60 90 50 <0.001
Micro anchor 65 90 38 0.01

fail to provide relief (16,24). If the TFCC is avulsed from the
foveal insertion, a reattachment procedure to re-fix the foveal
insertion of radio-ulnar ligaments to the bone is the treatment
of choice to restore DRUIJ stability and function (1).

Surgical repair techniques have predominantly focused
on addressing type 1B tears in TFCC (1). Both open
(which have been successfully utilized for decades) (1), and
arthroscopic repair (recognized for their reliability and
effectiveness) (15), have shown comparable results in terms of
DRUJ instability for TFCC tears (15,25,26). Moreover, these
techniques have demonstrated efficacy in relieving ulnar-sided
wrist pain commonly associated with TFCC tears (26).
Anderson et al (21) compared open and arthroscopic repair
techniques in 76 patients with TFCC tears. The findings indi-
cated no significant differences in clinical outcomes, including
grip strength, range of motion, visual analogue scale, DASH
and Patient Reported Wrist Evaluation scores and only a minor
decrease in wrist flexion-extension in the open repair group.
However, both groups experienced recurrent DRUJ instability
necessitating re-intervention, indicating the need for improved
primary treatment strategies (21). Furthermore, no notable
disparities were observed in postoperative range of motion,
grip strength or functional outcome scores between the two
techniques, highlighting the lack of evidence to recommend
one approach over the other in clinical practice (15). Conversely,
arthroscopic treatment for peripheral tears consistently yields
positive outcomes, with various studies reporting success rates
ranging from 60 to 90% (1,21).

Previous studies have conducted retrospective evaluations
of outcome measures to assess the effectiveness of treatment:
These measures typically include parameters such as pain,
DRUI instability, range of motion, grip strength, MMWS and
DASH score (1,21-23).

The assessment of grip strength is widely used to evaluate
the functional status and clinical outcomes of the upper
extremity after trauma or surgery (1,21,25,27). It serves as a
valuable measure to determine the recovery progress and set
realistic expectations for patients during preoperative consulta-
tion (22). In the present study, there was significant improvement
in grip strength post-operatively for both trans-osseous and
the micro anchors suture techniques. The improvement in grip
strength was 90% for both techniques, consistent with another
study supporting the positive impact of these surgical tech-
niques on grip strength (10,27). Furthermore, the trans-osseous
suture group showed mean improvement in grip strength of
30 percentage points, while the suture anchor group showed
mean improvement of 25 percentage points. Although the
difference between the groups was not statistically significant,
it suggests a slightly greater improvement in grip strength in
the trans-osseous suture group. These results highlight the

effectiveness of both techniques in enhancing grip strength,
with the trans-osseous suture technique potentially yielding a
slightly greater improvement.

The limitation of wrist range of motion can greatly impact
daily activities and functional ability. Therefore, improve-
ments in wrist range of motion following treatment indicates
a successful intervention and enhanced wrist function (22).
Here, the use of the micro anchors suture technique resulted in
a 90% improvement, while the trans-osseous suture technique
showed an 80% improvement. Notably, 97% of patients who
underwent open TFCC repair using the micro anchors suture
technique achieved pain-free range of motion, compared
with 90% in the trans-osseous suture group, consistent with
previous research demonstrating pain improvement following
surgery (25,27).

Additionally, in the trans-osseous suture group, there was a
mean increase of ~41.5° in flexion, ~45.0° in extension, ~10.5°
in radial deviation and ~22.0° in ulnar deviation. Similarly, the
suture anchor group showed significant improvements in range
of motion, with a mean increase of ~45.0° in flexion, ~48.5°
in extension, ~12.0° in radial deviation and ~26.5° in ulnar
deviation. These results highlight the positive impact of both
techniques on wrist range of motion, with the suture anchor
technique potentially leading to slightly greater improvements.

Both MMWS and DASH scores have been widely utilized
to assess the effectiveness of surgical treatments for similar
conditions such as foveal tears and DRUJ instabilities (21,23).
For the MM WS, there was a 90% improvement in patients who
underwent open TFCC repair using the micro anchors suture
technique, while those who underwent the trans-osseous suture
technique exhibited an 85% improvement, consistent with
previous studies that reported similar improvements in the
MMWS following open repair (21,27). Regarding the DASH
score, both techniques demonstrated a 15% improvement.
Both the trans-osseous and micro anchors suture techniques
were viable options for open TFCC repair, yielding favourable
clinical and functional outcomes. However, there were slightly
better results with the suture anchor technique regarding pain
relief, wrist range of motion and MMWS.

Both techniques showed significant improvement in grip
strength. The trans-osseous suture technique exhibited slightly
better outcomes, as evidenced by a greater percentage point
improvement. This suggests that the trans-osseous suture tech-
nique may offer a slight advantage in terms of grip strength
recovery.

In terms of wrist range of motion, both techniques yielded
satisfactory results. However, the micro anchor technique
showed better outcomes in terms of pain relief, wrist range of
motion, and improvement in MMWS. Although the differences
between the two techniques were not significant, indicating
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comparable clinical outcomes, the micro anchor technique
demonstrated slightly better results.

MMWS and DASH score provide a comprehensive assess-
ment of wrist function, pain and patient satisfaction. The
improvements in these scores suggest successful intervention
and enhanced wrist function following open TFCC repair
using either technique.

The contralateral side of all patients demonstrated normal
measurements and values for all the criteria assessed, including
grip strength within the normal range. This fact is attributed
to the rigorous patient selection process, which excluded
individuals with pathological conditions in the contralateral
wrists. By ensuring the normalcy of the contralateral side, it
served as a reliable baseline for comparing and evaluating the
functional outcomes of the post-operative results. The presence
of normal mean grip strength on the contralateral side further
underscores the significance of the observed improvements
in grip strength following open TFCC repair using both the
trans-osseous suture technique and the micro suture anchors
suture technique.

The present study supported the effectiveness of open TFCC
repair using both the micro anchor and trans-osseous suture
techniques in managing pain, improving grip strength and
enhancing wrist range of motion. The micro anchor technique
demonstrated a higher success rate, with all patients experi-
encing pain relief. However, it is important to acknowledge
the limitations of the study, such as the small sample size, and
further research with larger cohorts and robust methodologies
is necessary to validate these results and determine the optimal
surgical approach for pain management in TFCC repair.

To summarize, the present study highlighted the positive
impact of both the micro anchor and trans-osseous suture tech-
niques in open TFCC repair. While the micro anchor technique
showed a higher success rate in pain relief, further research
is needed to validate these findings in larger cohorts. Both
techniques effectively improved grip strength and wrist range
of motion, with the trans-osseous suture technique potentially
offering a slight advantage in grip strength recovery. These
results support surgical interventions for TFCC injuries and
underscore the importance of future research to optimize
surgical decision-making and functional outcomes in TFCC
repair.
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