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Treatment of type Il symptomatic ulnar styloid D
nonunions with reinsertion of the triangular
fibrocartilage complex
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Abstract

Purpose The purpose of this retrospective study was to introduce an alternative technique for the treatment of
type Il symptomatic ulnar styloid nonunion by the reinsertion of the triangular fibrocartilage complex and the ulnar
collateral ligament.

Methods Between March 2009 and May 2017, 45 patients (34 males and 11 females) suffering from the nonunion of
type Il ulnar styloid fractures all underwent the subperiosteal resection of the avulsed fragments and the reinsertion
of the TFCC and ulnar collateral ligament. Outcome assessments included the ranges of motion of the wrist, grip
strength, pain, and Mayo wrist score. The preoperative and postoperative parameters were compared. A P-value less
than 0.05 was considered to be statistically significant.

Result The mean follow-up period was 21.66+7.93 months (range, 12 to 26 months). At the final follow-up, the
mean preoperative flexion and extension were 79.32 +4.52° and 74.40+4.36° respectively. The mean preoperative
pain score, grip strength, and Mayo wrist score were 32.48 £4.00; 23.88+8.38 kg, and 77.72+£8.31 respectively. The
mean postoperative flexion and extension of the wrist were 80.56 +6.32° and 75.43 £3.12° respectively. The mean
postoperative pain score, grip strength, and Mayo wrist score were 12.41+3.27,26.31+8.30 kg, and 90.71+7.97
respectively. There were significant differences in pain, grip strength, and Mayo wrist score (P <0.05), but no significant
differences concerning the range of motion of the wrist.

Conclusion In the treatment of the nonunion of type Il ulnar styloid fractures, the resection of the avulsed fragments
followed by the reinsertion of the TFCC and the ulnar collateral ligament with an anchor was a reliable alternative
technique, bringing the satisfactory function of the wrist.
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Introduction

Ulnar styloid fractures occur as isolated injuries or in
association with distal radius and other wrist fractures
[1]. Ulnar styloid fractures account for 11-33% of all dis-
tal radius and ulnar fractures [2]. The incidence of ulnar
styloid nonunion is as high as 60% [3]. Although the
symptomatic ulnar styloid nonunion is rare, patients are
unable to move their wrists or hold objects due to wrist
pain and the instability of the distal radial ulnar joint
(DRUJ) [4]. The symptomatic ulnar styloid nonunion is a
surgical goal to improve comfort and functions, but the
optimal treatment remains controversial.

The triangular fibrocartilage complex (TFCC) is
located at the base of the ulnar styloid or fovea. The
structures consist of the articular disc, the dorsal and
volar radioulnar ligaments, the meniscus homologue, the
ulnar collateral ligament, and the sheath of the extensor
carpi ulnaris [5]. Hauck et al. [6] classified ulnar styloid
nonunions into type I nonunions (located at the tip of the
styloid; the TFCC remains intact; and the DRU]J is stable)
and type Il nonunions (occurred at the base of the styloid;
and the attachment to the TFCC is disrupted, resulting in
an unstable DRUJ) (Fig. 1). The ulnar styloid nonunion is
usually defined as a visible fracture line on posteroante-
rior X-ray for at least six months after injury [7].
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Simple excision of the ulnar styloid fragment may
relieve wrist pain, but wrist instability is a major con-
cern [8]. Many surgical techniques have been reported
to restore the stability of the wrist. The commonly used
techniques include fracture osteosynthesis using a mini
plate and the screw system, tension band wiring, and a
minscrew or K-wire [9]. However, the fragments are usu-
ally too small to be captured, and fracture nonunions
are a major concern. Alternatively, the fragment can be
excised followed by reinserting the TFCC and ulnar col-
lateral ligament into the capsule, which avoids those
drawbacks [10]. The procedures can be done arthroscopi-
cally or through open surgeries. However, the capsule is
too weak to secure the TFCC and ulnar collateral liga-
ment together, resulting in wrist instability.

The purpose of this retrospective study was to intro-
duce an alternative technique for the treatment of type II
symptomatic ulnar styloid nonunions by reinserting the
TFCC and ulnar collateral ligament. We also reported the
results using the technique.

Patients and methods

This study was approved by the institutional review
boards of the hospitals involved. Informed consent was
obtained from each patient.

Ulnar collateral ligament

Meniscus homolog

Triangular disk
—— Styloid band of triangular ligament

Foveal band of triangular ligament

Fig. 1 Atype 2 ulnar styloid nonunion

Extensor carpi ulnaris

L, lunate

T, triquetral
R, radius
U, ulna
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From March 2009 to May 2017, 63 patients with pain-
ful styloid nonunion were treated consecutively in our
hospitals (Fig. 2A, B, C). Before the operation, all patients
underwent X-rays, CT images, and magnetic resonance
images to confirm the diagnosis. The eligibility criteria
were: (1) patients aged between 18 and 65; (2) patients
with a confirmed type II ulnar styloid nonunion on X-ray
for at least six months after injury; (3) patients with per-
sistent pain at the fracture site for at least six months;
and (4) patients with an unstable DRU]J or not. The exclu-
sion criteria were: (1) patients younger than 18 (because
of their immature skeletons); (2) patients older than 65
(because of the osteoporosis) (n=1); (3) patients with
nonunions for less than 6 months after injury (n=2);
(4) patients with asymptomatic ulnar styloid nonunions
(n=3); (5) patients with other fractures, soft tissue inju-
ries, or pathological fractures (n=10); and (6) patients
with diabetes, osteoarthritis, gout, and infectious dis-
eases (n=2). All operations were performed by the same
senior surgeon.

Surgical technique

The operation was performed under the brachial plexus
block, with the elbow flexed 90° and the forearm pro-
nated. A pneumatic tourniquet was applied to obtain
a bloodless surgical field. We made a 3-cm longitudi-
nal incision on the dorsoulnar aspect of the distal ulna,
centering around the ulnar styloid (Fig. 3A). The dorsal
sensory branch of the ulnar nerve was identified and
protected. We incised the dorsal retinaculum to expose
the ulnar styloid process directly through the inter-
val between the flexor carpi ulnaris and extensor carpi
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ulnaris tendons. The nonunion site and the avulsed frag-
ment of the ulnar styloid process were identified. The
TFCC and ulnar collateral ligament were sharply elevated
from the bone fragment, and the ulnar styloid fragment
was dissected subperiosteally and excised (Fig. 3B). The
integrity of the superficial limb (styloid band) and deep
limb (foveal band) of the TFCC and ulnar collateral liga-
ment were carefully preserved at the insertion sites. At
the base of the ulnar styloid process, the scar tissue was
removed using a scalpel, and a bony insertion site was
created with a bur or finger rongeur for ligament reat-
tachment (Fig. 4A). Using a 1.5-mm K-wire, we made a
drill hole penetrating the first cortex 1 cm proximal to
the base of ulnar styloid process (Fig. 4B, C). Using towel
clamps, we made a bony tunnel from the drill hole to the
base of ulnar styloid process, where an insertion point for
the ligaments was created (Fig. 4D). A 2.7 mm absorb-
able bone anchor (DePuy Synthes, USA) was driven into
the ulna at the level about 1 cm proximal to the drill hole
(Fig. 5A). We passed the two needles with two 3—0 Fiber-
Wire sutures through the bony tunnel. The sutures were
passed through the leading edges of TFCC and ulnar col-
lateral ligament and tightened to reduce them down to
the insertion point (Fig. 5B). The two limbs of the sutures
were simply tied together. After surgery, the wrist was
immobilized in a dorsal splint with the forearm supinated
at approximately 60°. The splint was removed six weeks
after surgery, and the range of motion exercises was
started thereafter.

s

Fig.2 Atype 2 ulnar styloid nonunion. (A) X-ray. (B) T1-weighted MRI shows a chondral defect over the triquetrum and intake of the triangular fibrocar-

tilage complex. (C) T2-weighted MRI.
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Fig.3 A. A 3-cm longitudinal incision is made over the ulnar styloid fragment. B. The ulnar styloid fragment (arrow) is removed

Outcome evaluation

Assessments included the range of motion of the wrist
and the forearm rotation (Fig. 6). The grip strength of
the hand was measured with a goniometer [11]. Patients
rated wrist pain using the visual analog scale (0=no pain
and 100=severe pain) [12]. We used the Mayo Wrist
Score to assess the wrist function (90-100, excellent;
80-90, good; 60-80, satisfactory; below 60, poor) [13].
Hand surgeons not involved in patients’ treatment mea-
sured all parameters.

Statistical analysis

Pre- and postoperative characteristics and outcome
scores were compared. A P<0.05 was considered statisti-
cally significant. The collected data were analysed using
Statistical Package for Social Sciences v13.0 (SPSS Inc.,
Chicago, IL, USA).

Results

The mean age of the 45 patients (34 males and 11 females)
undergoing the surgery was 45.48+11.50 years (range,
19 to 65 years) old. All patients had sustained injuries.
The average time from injury to surgery was 17.57+£7.89
months (range, 9 to 22 months). The mean preoperative
wrist pain score, grip strength, and Mayo wrist scores
were 32.48+4.00 mm, 23.88+8.38 kg, and 65.72%8.31
respectively (Table 1).

The mean follow-up period was 21.66%+7.93 months
(range, 12 to 26 months). At the final follow-up, the
DRU]J instability was achieved in all patients. The mean
postoperative pain score of the wrist, grip strength, and
Mayo wrist scores were 12.41+3.27; 26.31£8.30 kg, and
90.71+7.97 respectively (Table 2).

There were significant differences in the pain score
(P=0.0001), grip strength (P=0.0012), and Mayo wrist
scores (P=0.0001). There were no significant differences
regarding wrist flexion (P=0.223), and wrist extension
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Fig. 4 A. A reinsertion point is created with a bur. B. A drill hole is made with a 1.5 mm K-wire. C. The drill hole is penetrated through the first cortex. D.

A bony tunnel is made with towel cramps

(P=0.238). There were 29 excellent, 14 good, and 2 fair
results.

Discussion

Ulnar styloid fractures are often accompanied by radius
fractures. The most common cause of an ulnar styloid
fracture is a fall on an outstretched arm. Most of these are
small avulsion fractures (type I) involving the tip of the
ulnar styloid. The ulnar styloid is an important structure
for the TFCC. Some clinical findings help establish the

diagnosis of symptomatic ulnar styloid nonunion, includ-
ing wrist pain on resisted ulnar deviation and dorsiflex-
ion, a clicking sensation on wrist movement, reduced
grip strength, and tenderness and swelling over the dor-
sal ulnar aspect of the ulna [14, 15]. Surgical treatments
are indicated for symptomatic ulnar styloid nonunion.
Many surgical treatments are available for the treat-
ment of symptomatic type II ulnar styloid nonunion,
such as fixation with K-wires, tension banding wir-
ing, compression screws, and mini-fragment plates [16,
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Fig. 5 A. A bone anchor is driven into the ulna. B. The two limbs of the sutures are tied to reinsert the TFCC and ulnar collateral ligament

17]. Hauck [6] treated three patients with large bone
fragments with open reduction and internal fixation
using tension band wiring. Two patients were treated
using an AO screw. The wrist pain of the three patients
was relieved after surgery, and achieved a full range of
motion. Bone healing was achieved in all patients. Nunez
[18] reported nonunion of the base of the ulnar styloid
was treated using a plate and screw system. Bone heal-
ing was achieved in all patients, but osteosynthesis was
costly. The prominence of the implant is not uncom-
mon after the fixation of the ulnar styloid [19, 20]. The
technique may not be appropriate for a small fragment.
The TFCC reattachment relies on healing between the
ligaments and capsule or distal ulna [21, 22], which may
be suitable for a small fragment. Screw anchor backout
is possible even though this complication did not hap-
pen in our series. We checked TFCC healing by testing
the stability of the DRUJ. In the future, we will check the
healing using MRI to better ascertain the outcome of the
technique.

Our technique avoids the prominence of the implant
and tendon irritation. The loss of anatomical struc-
ture and the disability of bony union are the main dis-
advantages. The indication of our technique is failed

conservative treatments of type II ulnar styloid nonunion
with persistent ulnar-sided wrist pain, especially due to
small fragments.

The study has limitations. There was neither a control
group nor randomization because of the small sample
size.

Conclusion

In the treatment of the nonunion of type II ulnar styloid
fractures, the resection of the avulsed fragments followed
by the reinsertion of the TFCC and ulnar collateral liga-
ment with an anchor was a reliable alternative technique,
bringing the satisfactory function of the wrist.
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Fig. 6 Range of motion of the right wrist after one year. (A) Flexion. (B) Extension. (C) Ulnar deviation. (D) Radial deviation. (E) Supination. (F) Pronation

Table 1 Patients'demographics and surgical details (n=45)

Age (mean; range) (year) 45.48+11.50; 19-65
Sex (M/F) 34:11

Side (L:R) 17:28

Cause (n)

RTA 5

Falling 28

Machinery 6

Sports 6

TFITO (mean; range) ( month) 17.57+£8.89;9-22

FP (mean; range) ( month) 21.66+7.93;19-65

RTA, road traffic accident; TFITO, time from injury to surgery; FP, follow-up
period
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Table 2 Pre- and post-operative details and outcomes (n=45)

Items Preop Postop P value
Pain (VAS, mm) 3248+40 1241+£327 0.0001
Wrist ROM (°)

Flexion 79.32+4.52 80.56+6.32 0.223
Extension 7441+0.36 7543+3.12 0.238
Radial deviation 24.00+4.48 23.19+5.12 0.189
Ulnar deviation 37.66+1.48 38.54+348 0.063
FRA () 138.25+4.54 137.19+3.88 0.189
Grip strength (kg) 23.88+838 26.31+830 0.0012
Mayo wrist scores 65.72+831 90.71+7.97 0.0001
Rank (n)

Excellent 0 29

Good 0 14

Fair 3 2

Poor 42 0

VAS, visual analogue scale; ROM, range of motion; FRA, forearm rotation arc

Abbreviations

DRUJ  Distal radial ulnar joint

TFCC  Triangular fibrocartilage complex

AO Arbeitsgemeinschaftfiir Osteosynthesefragen
cT Computed tomography

Acknowledgements

We are grateful to Y Lin and B Zhang of the Department of Orthopedics and
to Q Zhan of the Department of Statistics and Applications for their kind
assistance.

Author contributions

YY designed the study. TZ and JL followed up the patients and documented
the data. HC analyzed and interpreted the data. XY wrote the manuscript,
and XZ approved the final version of the manuscript. All authors read and
approved the final manuscript.

Funding
No organization sponsored the research.

Data availability
All the data will be available upon motivated request to the corresponding
author of the present paper.

Declarations

Ethics approval and consent to participate

The study was approved by the Committee on Ethics and the Institutional
Review Board of the Third Hospital of Hebei Medical University (NO
2021-056—1). Informed consent was obtained from all the participants. All
experiments were performed in accordance with relevant guidelines and
regulations.

Consent for publication
Not applicable.

Competing interest
The authors declare that they have no competing interests

Received: 17 February 2023 / Accepted: 13 July 2023
Published online: 09 August 2023

Page 8 of 8

References

1. LindauT, Arner M, Hagberg L. Intraarticular lesions in distal fractures of the
radius in young adults. A descriptive arthroscopic study in 50 patients. J Hand
Surg Br. 1997;22:638-43.

2. Sammer DM, Shah HM, Shauver MJ, Chung KC. The effect of ulnar styloid frac-
tures on patients-rated outcomes after volar locking plating of distal radius
fractures. J Hand Surg Am. 2009;34:1595-602.

3. Frykman G. Fracture of the distal radius including sequelae-shoulder-hand-
finger syndrome, disturbance in the distal radio-ulnar joint and impairment
of nerve function. A clinical and experimental study. Acta Orthop Scand.
1967,5uppl:1-153.

4. ZenkeY, Sakai A, Oshige T, Moritani S, Nakamura T. The effect of an associated
ulnar styloid fracture on the outcome after fixation of a fracture of the distal
radius. J Bone Joint Surg Br. 2009;91:102-7.

5. Berna-Serna JD, Martinez F, Reus M, Alonso J, Doménech G, Campos M.
Evaluation of the triangular fibrocartilage in cadaveric wrists by means of
arthrography, magnetic resonance (MR) imaging, and MR arthrography. Acta
Radiol. 2007;48:96-103.

6. Hauck RM, Skahen J, Palmer AK. Classification and treatment of ulnar styloid
nonunion. J Hand Surg Am. 1996;21:418-22.

7. Wijffels M, Ring D. The influence of non-union of the Ulnar Styloid on Pain,
wrist function and instability after distal Radius fracture. J Hand Microsurg.
2011;3:11-4.

8. Kim JK, Koh YD, Do NH. Should an ulnar styloid fracture be fixed follow-
ing volar plate fixation of a distal radial fracture? J Bone Joint Surgery Am.
2010;92:1-96.

9. Randy M, Hauck MD, Hershey PA, James Skahen Ill, Andrew MD. Palmer, MD,
Syracuse, NY. Classification and treatment of Ulnar Styloid Nonunion. J Hand
Surg Am. 1996;21:418-22.

10.  Tunnerhoff HG, Langer M. Arthroscopic repair for ulnar-sided tears of the
TFCC. Handchir Mikrochir Plast Chir. 2014;46:286-94.

11. Crosby CA, Wehbe MA, Mawr B. Hand strength: normative values. J Hand
Surg Am. 1994;19:665-70.

12. Williams RM, Kiefhaber TR, Sommerkamp TG, Stern PJ. Treatment of unstable
dorsal proximal interphalangeal fracture/dislocations using a hemi-hamate
autograft. J Hand Surg Am. 2003;28:856-65.

13. Mac Dermid JC, Turgeon T, Richards RS, Beadle M, Roth JH. Patient rating of
wrist pain and disability: a reliable and valid measurement tool. J Orthop
Trauma. 1998;12:577-86.

14.  Protopsaltis TS, Ruch DS. Triangular fibrocartilage complex tears associated
with symptomatic ulnar styloid nonunions. J Hand Surg Am. 2010;35:1251-5.

15. ChenYX, Zheng X, Shi HF, Wangyang YF, Yuan H, Xie XX, Li DY, Wang CJ,

Qiu XS. Will the untreated ulnar styloid fracture influence the outcome of
unstable distal radial fracture treated with external fixation when the distal
radioulnar joint is stable. BMC Musculoskelet Disord. 2013; 14186.

16.  Watanabe A, Souza F, Vezeridis PS, Blazar P, Yoshioka H. Ulnar-sided wrist pain.
II. Clinical imaging and treatment. Skeletal Radiol. 2010;39:837-57.

17. Sawada H, SawadaT, Shinohara T, Natsume H, Hirata, Hitoshi.). Clinical effects
of internal fixation for ulnar styloid fractures associated with distal radius
fractures: A matched case-control study. Journal of Orthopaedic Science.
2016;21:745-748.

18. Nunez FA Jr, Luo TD, Nunez FA, Sr. Treatment of symptomatic non-unions
of the base of the ulnar styloid with plate osteosynththesis. Hand Surg Eur.
2017;42:382-8.

19.  Chen AC, Chiu CH, Weng CJ, Chang SS, Cheng CY. Early and late fixation of
ulnar styloid base fractures yields different outcomes. J Orthop Surg Res.
2018;13:193.

20. Ronald Burgess. ; H. Warson. Hypertrophic Ulnar Styloid Nonunions. Clin
Orthop Relat Res. 1988; 228215-217.

21.  Mathieu Wijffels; David Ring. The influence of non-union of the Ulnar Styloid
on Pain, wrist function and instability after distal Radius fracture. J Hand
Microsurgery. 2011 ;Vol;3:11-4.

22. Zoetsch S, Kraus T, Weinberg AM, Heidari N, Lindtner RA, Singer G. Fracture
of the ulnar styloid process negatively influences the outcome of paediatric
fractures of the distal radius. Acta Orthop Belg. 2013;79:48-53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Treatment of type II symptomatic ulnar styloid nonunions with reinsertion of the triangular fibrocartilage complex
	﻿Abstract
	﻿Introduction
	﻿Patients and methods
	﻿Surgical technique
	﻿Outcome evaluation
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


