
Guidelines for the Diagnosis and Treatment of
Ulnar Impaction Syndrome (2024)
Wendong Xu, MD, PhD1,2 Pak Cheong Ho, MBBS2,3 Toshiyasu Nakamura, MD, PhD2,4

Jeffrey Oscar Ecker, MBBS, BMedSc2,5 Keiji Fujio, MD2,6 Joo Yup Lee, MD, PhD2,7

Shanlin Chen, MD, PhD2,8 Siu Cheong Jeffrey Justin Koo, MBBS2,9 Ping Tak Chan, MBBS2,10

Andrew Yuan Hui Chin, MBBS2,11 Young Kuen Lee, MD, PhD2,12 Jui Tien Shih, MD2,13

Wing Lim Tse, MD2,14 Abhijeet L. Wahegaonkar, MD2,15 Yaolong Chen, MD, PhD16,17,18

1Department of Hand Surgery, Huashan Hospital, Fudan University,
Shanghai, People’s Republic of China

2Asian Pacific Wrist Association, Hongkong SAR, People’s Republic
of China

3Department of Orthopedics and Traumatology, Prince of Wales
Hospital, Chinese University of Hong Kong, Hongkong SAR,
People’s Republic of China

4Department of Orthopedic Surgery, School of Medicine,
International University of Health and Welfare, Tokyo, Japan

5HandandUpper LimbCentreandWristþHand Institute, Perth, Australia
6Department of Orthopedics, Kyoto University, Kyoto, Japan
7Department of Orthopedic Surgery, Eunpyeong St. Mary’s
Hospital, Seoul, South Korea

8Department of Hand Surgery, Beijing Ji Shui Tan Hospital, Beijing,
People’s Republic of China

9Department of Orthopedics and Traumatology, Alice Ho Miu Ling
Nethersole Hospital, Hongkong SAR, People’s Republic of China

10Department of Orthopedics and Traumatology, Tuen Mun Hospital,
Hongkong SAR, People’s Republic of China

11Department of Hand and Reconstructive Microsurgery, Singapore
General Hospital, Singapore, Singapore

J Wrist Surg 2025;14:2–13.

Address for correspondence Wendong Xu, PhD, Department of Hand
Surgery, Huashan Hospital, Fudan University, Shanghai 200040,
People’s Republic of China (e-mail: wendongxu@fudan.edu.cn).

12Department of Orthopedic Surgery, Chonbuk National University
Medical School, Jeonju, Korea

13Department of Orthopedic Surgery, Centre for Sports Medicine
Armed Forces Taoyuan General Hospital, Taoyuan, Taiwan,
People’s Republic of China

14Department of Orthopedics and Traumatology, Prince of Wales
Hospital, Hongkong SAR, People’s Republic of China

15Division of Hand and Microvascular Services, Sancheti Hospital,
Pune, Maharashtra, India

16Research Unit of Evidence-Based Evaluation and Guidelines,
Chinese Academy of Medical Sciences (2021RU017), School of
Basic Medical Sciences, Lanzhou University, Lanzhou, People’s
Republic of China

17WHO Collaborating Center for Guideline Implementation and
Knowledge Translation, Lanzhou University, Lanzhou, People’s
Republic of China

18Lanzhou University GRADE Center, Lanzhou, People’s Republic of China

Keywords

► ulnar impaction
syndrome

► diagnosis
► treatment
► guidelines

Abstract Background Ulnar impaction syndrome (UIS), also known as ulnar impaction or ulnar
abutment, is a degenerative condition causing pain on the ulnar side of the wrist. It can
lead to wrist bone necrosis, resulting in wrist joint stability disruption and a significant
wrist function impairment. The global understanding of this condition varies, contrib-
uting to substantial differences in clinical outcomes.
Purposes This paper underscores the necessity of developing evidence-based clinical
guidelines for UIS to guide clinicians in their diagnostic and therapeutic approaches.
Materials andMethods In collaboration with the Asian PacificWrist Association, a team of
experts from various fields within the Hand Surgery Department at Huashan Hospital has
collectively formulatedthe“ClinicalPracticeGuidelinesforUlnar ImpactionSyndrome(2024)”
(hereinafter referred to as the “Guidelines”). The development process adhered to the
guidelines outlined in theWorldHealthOrganization’s handbook for guideline development.
Results Ten key questions and 21 recommendations are formed. The Guidelines provide
recommendations for UIS diagnosis, criteria for selecting conservative or surgical inter-
ventions, options for surgical procedures, and address various related issues.
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Ulnar impaction syndrome (UIS) was first conceptualized by
Milch in 1941,1 describing the prolonged impact of the ulna
against the carpal bones during wrist movement, leading to
ulnar-sided wrist pain.2 If left untreated, UIS can result in
thinning, perforation of the triangular fibrocartilage complex
(TFCC), lunate bone edema, chondromalacia, cystic changes, and
evennecrosis.3Ultimately,UIScanreducewristmobilityandgrip
strength and is often overlooked ormisdiagnosed as TFCC injury,
leading to delayed and inappropriate treatment. Accurate diag-
nosis and timely intervention are crucial. Thus, evidence-based
clinical guidelines forUIShavebeen collaboratively developedby
experts fromHuashanHospital’s Hand Surgery Department and
theAsianPacificWristAssociation.TheGuidelinesaimtoprovide
a scientific approach for diagnosing and treating UIS effectively.

Guidelines Development Process

Guideline Development Principles
The Guidelines were developed in accordance with the
“World Health Organization Handbook for Guideline Devel-
opment”4 and the “Appraisal of Guidelines for Guidelines for
Research and Evaluation.”5 The guideline report refers to the
“Reporting Items for Practice Guidelines in Healthcare.”6

Guideline Working Group
The guideline working group comprised clinical experts in
hand surgery, microsurgery, orthopaedics, and methodolog-
ical experts, along with public representatives.

The group, led by two cochairs (one clinical and one
methodological), established five subcommittees: steering
group, secretariat, evidence evaluation team, consensus
team, and external review team.

Steering Group
The steering group comprised clinical and methodological
professors responsible for forming subcommittees, managing
conflicts of interest, defining the guideline scope, proposing, and
finalizing key questions based on voting, summarizing recom-
mendations from evidence evaluation, overseeing the guideline
development process, and approving the final guideline.

Secretariat
Secretariat comprised clinical experts responsible for coor-
dinating intersubcommittee work, drafting the guideline
plan, researching clinical issues, organizing consensus meet-
ings, recording the guideline development process, and
submitting the guideline for publication.

Evidence Evaluation Group
Theevidenceevaluationgroupcomprisedexperts inevidence-
based medicine, responsible for structuring clinical questions

using the population, intervention, control, and outcomes
principle, searching, evaluating, and grading evidence, and
creating evidence summaries and recommendation tables.

Consensus Group
The consensus group comprised multidisciplinary experts,
including clinical experts in hand surgery, microsurgery,
orthopaedics, and methodological experts, representing
diverse countries including Australia, China, India, Japan,
Korea, Singapore, and other Asia-Pacific countries; they
voted on key questions and recommendations.

External Review Group
The external review group comprised clinical professors,
methodological professors, and patients with UIS. Their
responsibilities included peer-reviewing the final draft of
the Guidelines and providing input on significant risks or
issues within the Guideline scope and recommendations.

Considering the end-users, two patients were included in
the Guideline development, and their input was sought
during the external review phase of the final draft.

Evidence Retrieval
The literature search for the Guideline development involved
comprehensive searches acrossdatabases suchasPubMed,Ovid,
Web of Science, Embase, and CNKI. Various types of articles,
including clinical trials, meta-analyses, randomized controlled
trials, reviews, and systematic reviews were considered.

Key search terms included “ulnar impaction syndrome, ”
“ulnar positive variance, ” “ulnar wrist pain,” “triangular
fibrocartilage complex,” “conservative treatment,” “surgical
treatment,” “ulnar shortening osteotomy,” “cut,” “trans-
verse,” “oblique,” “freehand,” “osteotomy guide,” “jig,” “lock-
ing plate,” “nonlocking plate,” and “biomechanical,” “wafer
procedure,” “wrist arthroscopy,” “distal metaphyseal ulnar
shortening osteotomy,” “distal radioulnar joint arthritis,”
“Sauvé–Kapandji,” “Darrach,” “postoperative,” “wrist joint
fixation,” “rehabilitation,” and others.

During the literature retrieval process, articles with
content repetition, inconsistent information, and inaccessi-
ble full text were excluded to ensure the quality and
relevance of the selected literature for online development.

Formation of Key Questions and Recommendations

Formation of Key Questions
Amodified Delphi survey method was employed to generate
key questions proposed by the steering group and conducted
in two rounds. In the first round, questions with a support
rate of �75% were directly accepted. Questions with a
support rate of <75% but �50% were modified based on

Conclusions The collaborative effort aims to standardize clinical practices, enhance diag-
nostic accuracy, and improve treatment outcomes for individuals affected by UIS, with these
recommendations intended to serve as a valuable reference for healthcare professionals.
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feedback and subjected to a second round of voting. Ques-
tions with a support rate of <50% in the first round were
eliminated. In the second round, only questions with a
support rate of �75% were included as key questions.

Formation of Recommendations
Similarly, a modified Delphi surveymethodwas used for two
rounds to evaluate the recommendations summarized by the
steering group and evidence evaluation team. In the first
round, recommendations with a support rate of �75% were
directly accepted. Recommendations with a support rate of
<75% but �50% underwent modification based on feedback
and a second round of voting. Recommendations with a
support rate of <50% in the first round were eliminated. In
the second round, only recommendations with a support
rate of �75% were included as key recommendations.

Evidence Level and Recommendations
Clinical evidence was assessed using the Oxford Centre for
Evidence-BasedMedicine: Levels of Evidence (March 2009).7

The evidencewas categorized into five levels: 1, 2, 3, 4, and 5.
Systematic reviews of randomized controlled trials (RCTs)
were assigned thehighest level of evidence, denoted as “Level
1.” Expert opinion without an explicit critical appraisal, or
based on physiology, bench research, or “first principles,”
was denoted as “Level 5.” Different levels of evidence corre-
sponded to different grades of recommendation, as shown
in ►Table 1.

Summary of Key Questions and
Recommendations

The summary of key questions and recommendations is
displayed in ►Table 2.

Background
The TFCC serves as a crucial mechanical stabilizing structure
on the ulnar side of the wrist. Comprising fibrocartilaginous

disk, dorsal and palmar radioulnar ligaments, ulnolunate
ligament, and homologous structures, the TFCC plays a
primary role in stabilizing both the distal radioulnar joint
(DRUJ) and the ulnocarpal joint.8,9

During daily activities, the carpus load is shared by the
radius, ulnar, and TFCC. Approximately 80% of the carpus
load is borne by the radius, while the ulnar and TFCC handle
the remaining 20% of the neutral ulnar variance.10 Ulnar-
positive variance occurs when the ulna is longer than the
radius, with the ulnocarpal side experiencing stress propor-
tional to the degree of positive variance.When ulnar-positive
variance exceeds 2.5mm, stress on the ulnar side can in-
crease from 20 to 40%.11

Direct impaction and increased pressure on the ulnar side,
resulting from ulnar positive variance, accelerate TFCC wear
and degeneration. This can lead to thinning and even perfora-
tion of the central portion.12 Repetitive impact of the ulnar
head on the lunate or triquetrum can cause pathological
changes such as chondromalacia, peeling, bone marrow ede-
ma, liquefied cystic changes, and, in severe cases, necrosis.

It is noteworthy that wrist ulnar pressure also increases
during activities such as pronation, fist clenching, and ulnar
deviation.13 A retrospective case study revealed an average
ulnar-positive variance of 2mm during pronation,14 provid-
ing insights into the pathogenesis of UIS in cases without
ulnar variance in static anteroposterior X-ray view.

Question 1: How is Ulnar Impaction Syndrome
Diagnosed?
Recommendation 1.1: Diagnosing UIS involves a comprehen-
sive assessment comprising medical history, physical exam-
ination, and relevant imaging results. UIS should not be
considered in the absence of supportive X-ray and magnetic
resonance imaging (MRI) findings (Evidence Level 4, Recom-
mendation Grade C).

Recommendation 1.2: X-ray and MRI are recommended
as the primary imaging modalities for diagnosing UIS (Evi-
dence Level 4, Recommendation Grade C).

Table 1 Oxford Centre for Evidence-Based Medicine: levels of evidence (March 2009)

Grades of recommendation Level of evidence Content

A 1a A systematic review (with homogeneity) of RCTs

1b Individual RCT (with narrow confidence interval)

1c All of none (met when all patients died before the Rx became available,
but some now survive on it; or when some patients died before the Rx
became available, but none now die on it)

B 2a A systematic review (with homogeneity) of cohort studies

2b Individual cohort studies (including low-quality RCT, e.g., <80%
follow-up)

3a A systematic review (with homogeneity) of case-control studies

3b Individual case-control studies

C 4 Case series (and poor-quality cohort and case-control studies)

D 5 Expert opinion without an explicit critical appraisal, or based on
physiology, bench research or “first principles”

Abbreviation: RCT, randomized controlled trials.
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Table 2 Summary of key questions and recommendations

Key questions Recommendations

1. How is UIS diagnosed? 1.1. Diagnosing UIS involves a comprehensive assessment comprisingmedical history,
physical examination, and relevant imaging results. UIS should not be considered
in the absence of supportive X-ray and MRI findings (Evidence Level 4, Recom-
mendation Grade C).

1.2. X-ray and MRI are recommended as the primary imaging modalities for
diagnosing UIS (Evidence Level 4, Recommendation Grade C).

2. Is conservative treatment effective
for UIS?

2.1. Conservative treatment is recommended as the primary therapeutic approach for
UIS (Evidence Level 4, Recommendation Grade C).

3. What are the early surgical
indications for patients with UIS?

3.1. Early surgical intervention is strongly recommended for patients with UIS
experiencing ulnar-sided wrist pain persisting for 6 months or exhibiting severe
clinical symptoms (Evidence Level 4, Recommendation Grade C).

3.2. Early surgical intervention is recommended for UIS patients with concurrent DRUJ
instability (Evidence Level 4, Recommendation Grade C).

4. What are the considerations when
applying USO?

4.1. USO is a precise and recommended standard treatment for UIS (Evidence Level 2b,
Recommendation Grade B).

4.2. Caution is advised when applying USO in cases of DRUJ in reverse oblique sigmoid
(Evidence Level 4, Recommendation Grade C).

4.3. It is recommended to place internal fixation plates on the volar side of the ulna
(Evidence Level 2b, Recommendation Grade B).

5. What kind of plate is
recommended to fix the osteot-
omy during USO surgery?

5.1. Both locking and nonlocking plates are recommended as internal fixation in USO
surgery. (Evidence Level 4, Recommendation Grade C).

6. What is the safe osteotomy length
for the wafer/AWP?

6.1. It is recommended to apply wafer/AWP for UIS with the ulnar-positive variance of
<2 mm (Evidence Level 2b, Recommendation Grade B).

6.2. When the anticipated osteotomy length exceeds 3 mm, the use of wafer/AWP is
not recommended (Evidence Level 5, Recommendation Grade D).

7. When should DMUSO be
considered?

7.1. Applying DMUSO for anticipated osteotomy lengths of <5mm in UIS is
recommended (Evidence Level 4, Recommendation Grade C).

7.2. The choice of internal fixation can be determined by the osteotomy method.
Preferably, buried head compression screws are recommended as they lead to
fewer postoperative complications (Evidence Level 4, Recommendation Grade C).

8. What is the role of TFCC repair in
treating UIS?

8.1. It is not recommended to solely use TFCC repair for treating UIS (Evidence Level 4,
Recommendation Grade C).

8.2. For cases where DRUJ remains unstable after ulnar shortening, it is recommended
to consider concomitant TFCC foveal repair to restore DRUJ stability (Evidence
Level 4, Recommendation Grade C).

9. How to treat patients with UIS with
severe DRUJ arthritis?

9.1. S–K and Darrach surgeries are both recommended as salvage procedures
(Evidence Level 2a, Recommendation Grade B).

9.2. S–K surgery is more suitable for young and male patients with higher wrist joint
function requirements (Evidence Level 4, Recommendation Grade C).

9.3. Darrach surgery is more suitable for elderly patients with lower joint function
requirements (Evidence Level 4, Recommendation Grade C).

10. How about the postoperative
immobilization and rehabilitation
strategies for UIS?

10.1. A short-arm orthosis is suggested to be enough for immobilization for 4 weeks
after USO, with rehabilitation exercises commencing after the 4th week
(Evidence Level 2b, Recommendation Grade B).

10.2. A 2-week immobilization with a short-arm splint is recommended after a wafer
procedure. Initiating exercises that involve making a fist or engaging in axial
stress training of the wrist is not advised within the first 2 weeks postoperatively
(Evidence Level 2b, Recommendation Grade B).

10.3. For DMUSO, short-arm plaster fixation for 7–10 days, followed by a switch to a
wrist brace, with rehabilitation starting on the 10th postoperative day (Evidence
Level 4, Recommendation Grade C).

Abbreviations: AWP, arthroscopic wafer procedure; DMUSO, distal metaphyseal ulnar shortening osteotomy; DRUJ, distal radioulnar joint; MRI,
magnetic resonance imaging; S–K, Sauvé–Kapandji; TFCC, triangular fibrocartilage complex; UIS, ulnar impaction syndrome; USO, ulnar shortening
osteotomy.

Journal of Wrist Surgery Vol. 14 No. 1/2025 © 2024. Thieme. All rights reserved.

Guidelines for UIS (2024) Xu et al. 5

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Medical History and Physical Examinations
The onset of UIS is typically gradual, with patients complain-
ing of prolonged wrist ulnar-sided pain after maintaining a
specific position. Trauma can also lead to wrist ulnar-sided
pain, promptingmedical attention. The ulnocarpal stress test
is a sensitive physical examination. During the examination,
the wrist is positioned in full ulnar deviation. Axial pressure
is applied to the wrist joint, while the forearm is passively
rotated through pronation to supination. The examination
for UIS typically yields a positive result in patients with this
condition.15However, a positive resultmay also be indicative
of other issues such as a TFCC injury (without UIS), scapho-
lunate ligament damage, or isolated arthritis.16 Patients with
concurrent TFCC injury may also present positive fovea signs
or increased ulnar-sided pain during rotation. Patients with
unstable DRUJmay exhibit tenderness on the dorsal aspect of
the ulnar head and a positive DRUJ ballottement test.17

Positive findings in the lunotriquetral ballottement test
may indicate instability in the midcarpal joint. However,
given the numerous conditions causing ulnar-sided wrist
pain (approximately 20),1,18 a diagnosis based solely on
medical history and physical examination is insufficient.

Imaging Examination
Imaging studies should include wrist MRI17 and wrist
X-rays.19 Wrist MRI results take precedence, followed by
static anteroposterior X-ray views or prone X-ray views of
the wrist. MRI findings should include (1) increased signal
intensity in the lunate, triquetrum, or ulnar head in
T2-weighted coronal MRI20 (►Fig. 1A) and (2) thinning or
perforation of the central portion of the TFCC in T2-weighted
images21 (►Fig. 1A). Wrist X-rays typically reveal ulnar
positive variance22 (►Fig. 1B). Patients without apparent
ulnar-positive variance on wrist X-rays should undergo
forearm rotation views to confirm dynamic ulnar impaction.

Severe cases with cystic changes on the ulnar side of the
lunate or triquetrum may exhibit circular low-density shad-
ows on X-rays20 (►Fig. 1B).

Question 2: Is Conservative Treatment Effective for Ulnar
Impaction Syndrome?
Recommendation 2.1: Conservative treatment is recom-
mended as the primary therapeutic approach for UIS
(Evidence Level 4, Recommendation Grade C).

Conservative treatment has proven effective for UIS,23,24

especially during the initial diagnosis, where it should be the
preferred option.2 The treatment plan should include splint
immobilization and symptomatic pain relief through medi-
cation. The conservative treatment regimen typically
involves continuous splint fixation for 4 weeks and intermit-
tent wear for 2 weeks, followed by 6 weeks of rehabilitation
after the splint removal.23

For patients experiencing significant ulnar-sided wrist
pain, oral nonsteroidal anti-inflammatory drugs (NSAIDs)
can be administered for symptomatic relief. In cases of severe
ulnar-sided pain, especially when NSAIDs are not sufficiently
effective, localized pain point blockade on the ulnar side of
the wrist may be considered.25

Additionally, activities that exacerbate the ulnar load,
such as ulnar deviation and forceful pronation of the wrist,
should be minimized.16

Long-term splint immobilization has improved pain
scores (visual analog scale [VAS]) with an overall improve-
ment rate of 51.7%.24 After 6 weeks of splint fixation and an
additional 6weeks of rehabilitation, 59% of patients achieved
a numeric rating scale score of <5, indicating successful
conservative treatment.23 Conversely, 41% of patients with
a score of �5 were considered conservative treatment fail-
ures. For patients who do not respond positively to conser-
vative treatment, surgical intervention should be considered.

Fig. 1 (A) T2-weighted coronal MRI demonstrates increased signal intensity in the lunate (indicated by an arrow) and thinning and perforation of
the central portion of the TFCC (marked by a triangle). (B) Ulnar positive variance (demarcated by red lines) and a low-density shadow in the
lunate (indicated by an arrow) are observed in the anteroposterior view of the X-ray.
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Question 3: What are the Early Surgical Indications for
Patients with Ulnar Impaction Syndrome?
Recommendation 3.1: Early surgical intervention is strongly
recommended for patients with UIS experiencing ulnar-
sided wrist pain persisting for 6 months or exhibiting severe
clinical symptoms (Evidence Level 4, Recommendation
Grade C).

Recommendation 3.2: Early surgical intervention is rec-
ommended for UIS patients with concurrent DRUJ instability
(Evidence Level 4, Recommendation Grade C).

Conservative treatment for patients with UIS often spans
a lengthy period, typically extending beyond 6 weeks, with a
success rate usually<60%.23,24 Identifying high-risk patients
and reducing the time cost of awaiting surgery are crucial for
an early return to daily life.

Case series studies indicate that conservative treatment is
often less effective when wrist joint pain persists without
improvement or when wrist joint range of motion and grip
strength are remarkably decreased. A case series followed 16
patients who underwent ulnar shortening osteotomy (USO)
due toUIS. All patients presentedwith prolonged ulnar-sided
wrist pain accompanied by reduced wrist joint range of
motion and weakened grip strength. Even after 6 months
of conservative treatment (wrist joint bracing and anti-
inflammatory medications) with little improvement, all
patients achieved favorable outcomes following USO. Post-
operatively, VAS scores, forearm rotation angles, and grip
strength significantly improved, without reported compli-
cations.26 Another large-sample case series study also
yielded similar findings.25

Early surgical intervention is recommended for UIS
patients with concurrent DRUJ instability.27 In a case series
study, surgery was confirmed as a reliable method to
improve UIS with DRUJ instability. Postoperatively, patients
reported an average VAS score, Quick Disabilities of the Arm,
Shoulder, and Hand (Quick-DASH) score; and Patient-Rated
Wrist Evaluation score of 0.7/10 (range, 0–4), 16.9 (range,
0–48), and 21.9 (range, 16.9–59)—all indicating significant
improvements compared with preoperative values. In this
study, 96% of patients perceived themselves as improved
through surgery, with no patients reporting worsened
conditions.

Question 4: What are the Considerations When Applying
Ulnar Shortening Osteotomy?
Recommendation 4.1: USO is a precise and recommended
standard treatment for UIS (Evidence Level 2b, Recommen-
dation Grade B).

Recommendation 4.2: Caution is advised when applying
USO in cases of DRUJ in reverse oblique sigmoid (Evidence
Level 4, Recommendation Grade C).

Recommendation 4.3: It is recommended to place internal
fixation plates on the volar side of the ulna (Evidence Level
2b, Recommendation Grade B).

USO is one of the most common procedures for treating
UIS.12 This procedure involves removing a specific length of
the ulna to eliminate positive variance, reduce repetitive
grinding impact between the ulna and lunate, alleviate

excessive loading on the ulnocarpal joint, and enhance
DRUJ stability.28,29

USO involves osteotomyat the distal 1/3 of the ulnar shaft.
The advantages of this extra-articular surgery include not
requiring the joint capsule to be opened, avoiding DRUJ
cartilage and joint surface damage, and preserving the intact
TFCC structure.30 A case report (n¼32) demonstrated that
for patients diagnosed with UIS treatedwith USO, wrist joint
flexion-extension increased from an average of 82.7 to
101.2 degrees and ulnar-radial deviation and pronation-su-
pination significantly improved. The wrist joint VAS score
decreased from an average of 7.7 to 1.7.12 Additionally, USO
shortens the ulna and increases tension in the joint capsule
and surrounding ligaments, thereby enhancing DRUJ
stability.25,27,31

The DRUJ sigmoid notch should be considered before
applying USO. A case series of 100 cases and a biomechanical
study indicated that the ulnar head may collide with the
distal radial sigmoid notch after USO in Tolat C-type DRUJ
(reverse oblique sigmoid),16,32 increasing contact pressure
and leading to DRUJ arthritis. Therefore, caution is advised
when using USO for DRUJ with reverse oblique sigmoid.33

The influence of the osteotomy type (transverse or obli-
que) and the osteotomy technique (freehand or osteotomy
guide) on the union rate has been a focal point of debate in
USOprocedures. Oblique osteotomyprovides a larger contact
surface at the osteotomy ends, which is advantageous for
healing. Screws can be inserted perpendicular to the osteot-
omy surface to enhance compression at the osteotomy ends.
Osteotomy guides theoretically offer more precise control
over the osteotomy length.

However, a meta-analysis involving 37 studies and 1,423
patients showed that in USO procedures, the nonunion rates
were 4.16% for transverse osteotomy and 3.86% for oblique
osteotomy, with no significant differences between the two
types. The nonunion rate for freehand oblique osteotomies
was 5.06%, compared with 2.9% for oblique osteotomies
performedwith an osteotomy guide. Although the nonunion
rate was slightly higher for freehand procedures, the differ-
ence was not statistically significant.34 Therefore, surgeons
can choose the osteotomy type and technique based on the
patient’s specific condition and personal preference rather
than the union rate.

Furthermore, placing the plate on the dorsal side of the
ulna more likely results in postoperative irritation.35 Multi-
ple retrospective cohort studies suggest a postoperative
plate removal rate of 45 to 65% for dorsal plates,36,37 signifi-
cantly lower at 25% for palmar plates.38

Question 5:What kind of Plate is Recommended to Fix the
Osteotomy during Ulnar Shortening Osteotomy Surgery?
Recommendation 5.1: Both locking and nonlocking plates
are recommended as internal fixation in USO surgery (Evi-
dence Level 4, Recommendation Grade C).

Nonlocking and locking plates are the choice of internal
fixation. Retrospective analyses have indicated that the
nonunion rates for nonlocking plates in USO procedures
range from 0 to 17.9%, with an average bone healing duration
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of 8.1 to 41.8 weeks.39–45 Locking plates have shown a
nonunion rate of 0 to 14.3%, with an average bone healing
duration of 7 to 11 weeks.46–49 Although the nonunion rate
and the bone healing duration seem to be extended with
nonlocking plates, drawing statistical conclusions remains
difficult. Furthermore, due to many inconsistencies in defini-
tions of both nonunion and delayed union across various
studies, higher-level clinical research is required to unify these
definitions and assist surgeons in determining the optimal
plate type for the USO procedure. Moreover, biomechanical
research about USO has not demonstrated a significant bio-
mechanical advantage for locking plates over nonlocking
plates. Thefinal destructive tests revealed that axial rotational
loading in which the locked plate is constructed failed earlier
than the nonlocked plates.50 Therefore, based on the current
evidence, both types of plates can be used in USO surgery
without a preference for one over the other.

Question 6: What is the Safe Osteotomy Length for the
Wafer/Arthroscopic Wafer Procedure?
Recommendation 6.1: It is recommended to apply
wafer/arthroscopic wafer procedure (AWP) for UIS with the
ulnar-positive variance of <2mm (Evidence Level 2b, Rec-
ommendation Grade B).

Recommendation 6.2: When the anticipated osteotomy
length exceeds 3mm, the use of wafer/AWP is not recom-
mended (Evidence Level 5, Recommendation Grade D).

The wafer procedure was first proposed in 199251 and
involves the resection of 2 to 4mm from the distal end of the
ulnar head to achieve ulnar carpal decompression.52 With
the advancement of arthroscopic techniques, the openwafer
procedure can now be completed arthroscopically, known as
the AWP.53 Intraoperatively, the 3 to 4 portal is used as the
observation portal, and a burr is placed through the 6R
portal, taking advantage of the central perforation of the
TFCC to perform limited resection of the ulnar head. Research
indicates that AWP and openwafer surgery have comparable
clinical effectiveness but consensus is lacking on whether
AWP offers a shorter recovery period and lower postopera-
tive complication rates.12,54 The choice between open wafer
and AWP often depends on the surgeon’s expertise.

The safe osteotomy distance for the wafer has not been
clearly defined. Multicenter RCTs with high evidence grades
showed that AWP in UIS patients with an average ulnar-
positive variance of �2.2mm achieved satisfactory clinical
outcomes comparable to the USO group. The AWP group had
no complications like DRUJ instability or arthritis during
follow-up.55 Another retrospective cohort study demon-
strated that AWP is effective for UIS with an average ulnar-
positive variance of 3mm. Grip strength improvement was
better than the USO group, and the postoperative complica-
tion rate was significantly lower than the USO group.56

However, a cadaver study indicates that increased ulnar-
side pressure is significantly positively correlated with the
length of ulnar head grinding.When the ulnar head is ground
down by 1, 2, and 3mm, ulnar-side pressure increases by 29,
57, and 86%, respectively. Once the length of ulnar head
removal reaches 4mm, ulnar-side pressure doubles,57 and

excessive ulnar-side load is a major cause of arthritis.28

Therefore, considering the limited evidence, a 2mm osteot-
omy length is considered safe, but caution is advised when
anticipating a 3mm osteotomy length. When the expected
osteotomy length reaches or exceeds 4mm, the wafer/AWP
should not be used.

Since wafer/AWP prevents issues such as osteotomy,
nonunion, internal fixation irritation, and internal fixation
removal, it has lower potential complications and reopera-
tion rates.30 Thus, within the safe osteotomy range, wafer
surgery can be considered an alternative to USO.37 This is
particularly advantageous for UIS patients with Tolat C-type
DRUJ reverse oblique sigmoid.55

Question 7: When Should Distal Metaphyseal Ulnar
Shortening Osteotomy Be Considered?
Recommendation 7.1: Applying DMUSO for anticipated
osteotomy lengths of <5mm in UIS is recommended (Evi-
dence Level 4, Recommendation Grade C).

Recommendation 7.2: The choice of internal fixation can
be determined by the osteotomy method. Preferably, buried
head compression screws are recommended as they lead to
fewer postoperative complications (Evidence Level 4, Rec-
ommendation Grade C).

The DMUSO technique was first detailed by Slade in
2007,58 although there is still no consensus on its indications
and contraindications.59 A case series study involving 43
patients found that DMUSO,60 with over 6 months of follow-
up, demonstrated satisfactory clinical outcomes for ulnar-
positive variance within 5mm. It significantly improved grip
strength and dorsal extension angle of the wrist. However,
evidence for ulnar-positive variance at or�5mm is currently
lacking, even though a cadaveric study suggests that DMUSO
may have a similar or longer osteotomy distance compared
with USO.61 Researchers observed that DMUSO was more
effective than USO in relieving pain and Quick-DASH scores
were higher.62 Additionally, due to the distal location of the
osteotomy in DMUSO, it reduced the separation and traction
effects of the interosseousmembrane on the osteotomyends.
With a rich blood supply in the distal metaphysis, DMUSO
required a shorter healing time and had a lower nonunion
rate compared with USO.59 Currently, no reported evidence
has regarded contraindications for DMUSO based on a search
of multiple databases.

For DMUSO fixation, either buried head compression
screws (wedge osteotomy) or ulnar distal plates (transverse
osteotomy) can be chosen based on the osteotomy’s morphol-
ogy. Both fixation methods can achieve good bone healing
results. A case report using ulnar distal plate fixation revealed
that, despite 4% of patients experiencing delayed healing due
to early postoperative activity, satisfactory healing results
were eventually achieved. About 32% of patients experienced
internal fixation irritation postoperatively, resulting in
a secondary internal fixation removal surgery approximately
7 months later but the subsequent modification of the plate
significantly reduced the incidence of postoperative internal
fixation irritation.28 Conversely, buried head compression
screws had rare reports of postoperative internal fixation
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irritation and secondary surgery for removal. The fixation
method is flexible, allowing either retrograde fixation from
the ulnar head cartilage surface to the distal end or antegrade
fixation from the ulnar shaft to the ulnar head. The number of
screws can be a single or double fixation.58,59,63 A cadaver
study indicated that two antegrade screws provided the high-
est resistance to rotation stability while avoiding damage to
the joint surface caused by internal fixation.63,64

Question 8: What is the Role of Triangular Fibrocartilage
Complex Repair in Treating Ulnar Impaction Syndrome?
Recommendation 8.1: It is not recommended to solely use
TFCC repair for treating UIS (Evidence Level 4, Recommen-
dation Grade C).

Recommendation 8.2: For cases where DRUJ remains
unstable after ulnar shortening, it is recommended to con-
sider concomitant TFCC foveal repair to restore DRUJ stability
(Evidence Level 4, Recommendation Grade C).

Patients with UIS frequently have concomitant TFCC
injuries. Current clinical studies confirm that performing
only TFCC debridement and repair does not effectively
alleviate ulnar-sided wrist pain in patients with confirmed
UIS. A case series involving 163 patients found that approxi-
mately 25 to 30% of patients with UIS who underwent only
TFCC debridement and repair needed subsequent USO treat-
ment within 3.6 months postoperatively.65 A retrospective
cohort study involving 72 cases reported that repairing TFCC
alone could provide short-term ulnar-positive variance im-
provement. However, over time (average follow-up of 26.8
weeks), ulnar-positive variance tended to worsen again,66

accompanied by ulnar-sided wrist pain. In contrast, ulnar
shortening surgery effectively improved clinical symptoms
in patients with UIS. An analysis revealed that for patients
with UIS with TFCC central perforation or radial edge tears
that cannot be sutured and repaired, performing only USO
achieved clinical results comparable to USO combined with
TFCC debridement. No significant differences in postopera-
tive hand function scores, grip strength, and pain relief were
observed between the two groups.67 Even in patients with
UIS with minor TFCC injuries and DRUJ instability, most of
them achieved significant improvement in DRUJ stability
through USO.68 The mechanism has been elucidated quite
clearly.29,69 For patients with persistent DRUJ instability
after shortening, a combined procedure is needed to repair
the TFCC foveal to restore DRUJ stability.28,68

Specialists must note that some patients present with
ulnar-sided wrist pain, DRUJ instability, and ulnar-positive
variance in clinical practice. Moreover, primary UIS should
be differentiated from secondary ulnar-positive variance due
to DRUJ instability. The treatment approaches for these
conditions differ. Primary UIS requires high signal intensity,
thinning, or even central perforation of the TFCC that can
usually be identified on MRI. If ulnar-positive variance is
caused by DRUJ instability, patients typically have a clear
history of trauma. MRI commonly shows no obvious signal
changes in the ulnar-positive variance, and TFCC injuries are
more concentrated in the ulnar-sided fovea, rather than
central perforations. A case series study involving 140

patients reported that TFCC deep support injuries could
increase ulnar-positive variance by 0.56mm. After restoring
DRUJ stability through repair, the ulnar-positive variance
was reduced from0.56 to 0mm.70 Therefore, detailed history
taking, thorough physical examination, and careful image
interpretation are essential.

Question 9: How to Treat Patients with Ulnar Impaction
Syndrome with Severe Distal Radioulnar Joint Arthritis?
Recommendation 9.1: Sauvé–Kapandji (S–K) and Darrach
surgeries are both recommended as salvage procedures
(Evidence Level 2a, Recommendation Grade B).

Recommendation 9.2: S–K surgery is more suitable for
young and male patients with higher wrist joint function
requirements (Evidence Level 4, Recommendation Grade C).

Recommendation 9.3: Darrach surgery is more suitable
for elderly patients with lower joint function requirements
(Evidence Level 4, Recommendation Grade C).

Darrach and S–K surgeries are currently the two most
widely used salvage procedures for wrist joint function
restoration.71 In patients with severe DRUJ arthritis, limited
forearm rotation in UIS, where USO andwafer procedures fail
to alleviate symptoms such as pain, grip strength, and
reduced joint mobility, Darrach surgery involving the re-
moval of the entire ulnar head72 or S–K surgery, which
includes partial osteotomy of distal ulnar and DRUJ fusion,73

becomes necessary to improve forearm rotation function and
wrist pain.

Darrach surgery involves the complete removal of the
ulnar head to alleviate wrist pain caused by arthritis. How-
ever, due to the loss of ulnar head support, complications
such as volar or dorsal instability of the radiocarpal joint,
ulnar deviation of thewrist joint, and impingement between
the residual ulna and the radial aspect may occur.74

With a deeper understanding of TFCC, researchers have
realized the importance of preserving TFCC for maintaining
DRUJ stability. S–K surgery, by retaining the ulnar head and
TFCC along with surrounding ligamentous structures, pro-
vides better rotational and axial stability compared with
Darrach.74 However, due to DRUJ fusion, postoperative com-
plications such as delayed healing, nonunion, or pseudoarth-
rosis increase, resulting in a higher overall complication rate
comparedwithDarrach. Additionally, when ulnar shortening
exceeds 5mm, it may induce painful instability of the ulnar
stump.75 Currently, the management of painful instability of
the ulnar stump involves ulnar head replacement76 or DRUJ
replacement.77

A retrospective analysis involving 1,267 patients demon-
strated that surgeons were more inclined to perform S–K
surgery on younger andmale patients.78 Patients undergoing
S–K surgery were 5 to 18 years younger than those under-
going Darrach surgery.79–82 This preference might be attrib-
uted to the fact that S–K surgery preserves ulnar structures,
maintaining ulnar stress transmission and considering grip
strength improvements. Conversely, Darrach surgery ismore
common in females aged over 56 years, aiming to avoid
several complications associated with S–K surgery. A sys-
tematic reviewof 47 studies found that both S–K andDarrach
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surgeries significantly improved forearm rotational mobili-
ty; however, the return-to-work rate was notably higher for
S–K surgery (86 vs. 63%).71

Question 10: How about the Postoperative
Immobilization and Rehabilitation Strategies for Ulnar
Impaction Syndrome?
Recommendation 10.1: A short-arm orthosis is suggested to
be enough for immobilization for 4 weeks after USO, with
rehabilitation exercises commencing after the 4th week
(Evidence Level 2b, Recommendation Grade B).

Recommendation 10.2: A 2-week immobilization with a
short-arm splint is recommended after a wafer procedure.
Initiating exercises that involve making a fist or engaging in
axial stress training of thewrist is not advisedwithin thefirst
2 weeks postoperatively (Evidence Level 2b, Recommenda-
tion Grade B).

Recommendation 10.3: For DMUSO, short-arm plaster
fixation for 7 to 10 days, followed by a switch to a wrist
brace, with rehabilitation starting on the 10th postoperative
day (Evidence Level 4, Recommendation Grade C).

Patients undergoing different surgeries for UIS have vary-
ing durations of joint immobilization and different timings
for rehabilitation. USO is the most commonly used proce-
dure; however, its severe complication, nonunion, occurs at a
rate of 4 to 18%.25,34,83 Nonunion of fractures is a complex
outcome influenced bymultiple factors. It is difficult tomake
immediate predictions during or right after surgery. There is
also no consensus onwhether early plaster, brace, or orthosis
fixation postoperatively can truly reduce the incidence of
fracture nonunion after USO. A case series involving 106
patients indicates that early long-arm plaster fixation can
effectively reduce rotational stress on the fracture ends,
promoting fracture healing.84 This involves wearing a long-
arm plaster for the first 2 weeks and a long-arm thermoplas-
tic orthosis for the next 2 to 4 weeks, with wrist
flexion/extension exercises starting from the 2nd week
and forearm rotation exercises starting after the 6th week.
Refixation was performed in six patients (6%) because of
nonunion. They also reported that six patients were not
smokers. The reason for nonunion was not clearly clarified
in the “Discussion” section. Another multicenter RCT dem-
onstrates that short-arm plaster is sufficient for post-USO
fixation.55 In this study, a short, below-elbow orthosis was
used for 2 weeks and switched to another thermoplastic
orthosis for 2 weeks, with digital exercises immediately after
the surgery and wrist joint rehabilitation training starting
from the 4th week. Ultimately, all patients showed signifi-
cant improvements inwrist joint mobility and joint function
scores, without nonunion or joint stiffness.55 Some reports
also advocate early functional exercises, with incomplete
short plaster fixation for 12 days and the initiation of
rehabilitation exercises after plaster removal, showing no
cases of nonunion.85 However, an issue of nonunion has also
been reported with too early activity. A retrospective cohort
study involving 40 patients reported that immediate wrist
movement after the USO resulted in a 10% rate of non-
union.86 Based solely on the current evidence available, a

definitive recommendation regarding early immobilization
after the USO surgery cannot be established. Therefore, for
early fixation following USO, we have used the term “sug-
gest.” Regardless of the chosen fixation method, early active
movement is advocated for all nonfixed joints postoperative-
ly. This not only avoids impacting bone healing85 but also
promotes reduced swelling.48

Notable differences were observed in postoperative im-
mobilization strategies across various studies referring to
wafer procedures. A retrospective case report involving 12
patients indicated that initiating immediate postoperative
wrist rotational and flexion-extension rehabilitation exer-
cises resulted in a 58% rate of pain relief.86 Conversely, a
retrospective cohort study involving 33 patients found that
immobilizing the wrist with a volar splint for 10 days
postwafer surgery yielded an average VAS score of <1.30

Thus, although the wafer procedure does not require a
union process, a short-term postoperative cast is deemed
necessary. Another retrospective case report of 12 patients
who began rotational exercises and forceful gripping after
the 1st week of postwafer surgery showed a 67% improve-
ment rate in the VAS score.87 Another retrospective analysis
involving 26 patients reported that adopting a 2-week
immobilization period followed by the commencement of
rehabilitation exercises starting in the 3rd week postopera-
tively resulted in an 84.6% improvement rate in the
VAS score.88 Therefore, rehabilitation exercises involving
forceful gripping within the 1st week postoperatively
may potentially result in negative effects on pain
improvement.

An RCT with a sample size of 60 utilized a 4-week
postoperative short-arm cast immobilization strategy fol-
lowed by rehabilitation exercises. The postoperative wafer
group saw a reduction in VAS scores from an average of 6.5
preoperatively to 0.7 postoperatively, with grip strength on
the affected side improving from 66 to 87% compared with
the unaffected side.55 Another retrospective cohort study
implemented a postoperative strategy that involved a 2-
week fixation with a short-arm plaster cast, followed
by an additional 4-week immobilization using a thermo-
plastic splint. Rehabilitation training aimed at restoring
joint mobility was encouraged beginning in the 3rd
week. It was not until the 7th week that exercises such
as making a fist and axial loading were initiated. This
approach resulted in an 84.6% improvement rate in pain
outcomes.89 While there are longer immobilization strate-
gies exceeding 6 weeks, the absence of case data precludes
comparison.63

Due to richer blood supply in the distal metaphysis, the
probability of postoperative nonunion was lower in DMUSO
than in USO,90 requiring a shorter fixation time and earlier
intervention inwrist joint rehabilitation. A case series (n¼8)
indicates that after DMUSO, wearing a long-arm plaster for 7
to 10 days, patients can switch to a removable splint for
protection and begin hand function rehabilitation training,
achieving 85 to 99% of wrist joint flexion, extension, and
rotational mobility at 13 months postoperatively compared
with the unaffected side. The grip strength increased to 88%
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of the healthy side afterward. No nonunion occurred post-
operatively.59 Another case series, with a sample size of 43
patients, reported that patients were immobilized postoper-
atively using a sugar-tong splint for 3 weeks. Following the
removal of the splint, rehabilitation exercises were initiated.
A statistically significant improvement in patients’ grip
strength was observed, which increased on average from
77% of the healthy side preoperatively to 87% of the healthy
side afterward. The range of motion in wrist extension also
showed statistically significant improvement (from
63.1 degrees preoperatively to 69.1 degrees postoperatively).
The successful union was achieved as expected postopera-
tively in all patients.60

Discussion

UIS is a prevalent yet often underdiagnosed condition. This
guideline, as theworld’s first publicly oriented clinical guide,
provides a detailed overview of the pathogenesis, key diag-
nostic criteria, and various treatment modalities for UIS. It
aims to assist health care professionals and patients in
conducting more scientifically informed clinical activities.

Remarkably, the content covered in this guidelinemay not
be fully comprehensive. With our deepened understanding
of the condition and anatomy, advanced surgical techniques,
and evolving internal fixation devices, ongoing updates of
treatment indications and techniques are required. This
guideline will undergo periodic revisions to incorporate
these advancements.

Note
The guideline is developed in Shanghai, China.

Authors’ Contributions
W.X. initiated the guideline and wrote the manuscript.
Y.C. was responsible for the methodology. All authors
contributed to the scoping of the guidelines and develop-
ment of the key questions and recommendations. All
authors approved the final manuscript.

Funding
New clinical methods for restoring functions in paralyzed
limbs and lost speech, along with the development of new
brain–computer interface neuroregulation technologies
(2022YFC3602700 and 2022YFC3602701).

Conflict of Interest
None declared.

Acknowledgments
The authors thank Yudong Gu (Academician of the Chi-
nese Academy of Engineering) and two patients with UIS
for external review on this consensus. Huawei Yin and
Yangchun Wu served as the secretariats. Qianling Shi,
Yunuo Chen, XingyiMa, and Zirui Yu helpedwith evidence
evaluation. The authors thank all the members of the
secretariat and evidence evaluation group for their excel-
lent work.

References
1 Milch H. Cuff resection of the ulna for malunited Colles’ fracture.

Bone Joint Surg 1941;23:311–313
2 Sammer DM, Rizzo M. Ulnar impaction. Hand Clin 2010;26(04):

549–557
3 Isa AD, Mcgregor ME, Padmore CE, et al. An in vitro study to

determine the effect of ulnar shortening on distal forearm loading
during wrist and forearm motion: implications in the treatment
of ulnocarpal impaction. J Hand Surg Am 2019;44(08):669–679

4 WHO. WHO Handbook for Guideline Development. 2nd ed.
Geneva: WHO Press; 2014

5 Brouwers MC, Kerkvliet K, Spithoff KAGREE Next Steps Consor-
tium. The AGREE Reporting Checklist: a tool to improve reporting
of clinical practice guidelines. BMJ 2016;354:i4852

6 Chen Y, Yang K, Marušic A, et al; RIGHT (Reporting Items for
Practice Guidelines in Healthcare) Working Group. A reporting
tool for practice guidelines in health care: the RIGHT statement.
Ann Intern Med 2017;166(02):128–132

7 OCEMB. Levels of evidence; (Mar 2009). Accessed October 8, 2023
at: https://www.cebm.ox.ac.uk/resources/levels-of-evidence/ox-
ford-centre-for-evidence-based-medicine-levels-of-evidence-
march-2009

8 Jawed A, Ansari MT, Gupta V. TFCC injuries: how we treat? J Clin
Orthop Trauma 2020;11(04):570–579

9 Skalski MR, White EA, Patel DB, et al. The traumatized TFCC: an
illustrated review of the anatomy and injury patterns of the
triangular fibrocartilage complex. Curr Probl Diagn Radiol
2016;45(01):39–50

10 Palmer AK. Triangular fibrocartilage complex lesions: a classifi-
cation. J Hand Surg Am 1989;14(04):594–606

11 TomainoMM, Elfar J. Ulnar impaction syndrome. Hand Clin 2005;
21(04):567–575

12 Yu H, Wang T, Wang Y, Zhu Y. Ulnar shortening osteotomy vs.
wafer resection for ulnar impaction syndrome: a systematic
review and meta-analysis. Int J Surg 2022;104:106725

13 af Ekenstam FW, Palmer AK, Glisson RR. The load on the radius
and ulna in different positions of thewrist and forearm. A cadaver
study. Acta Orthop Scand 1984;55(03):363–365

14 Cardoso ANP, Viegas R, Gamelas P, Falcão P, Baptista C, Silva FS.
Ulnar shortening osteotomy: our experience. Rev Bras Ortop
2020;55(05):612–619

15 Nakamura R, Horii E, Imaeda T, Nakao E, Kato H, Watanabe K. The
ulnocarpal stress test in the diagnosis of ulnar-sided wrist pain. J
Hand Surg [Br] 1997;22(06):719–723

16 Sachar K. Ulnar-sided wrist pain: evaluation and treatment of
triangular fibrocartilage complex tears, ulnocarpal impaction
syndrome, and lunotriquetral ligament tears. J Hand Surg Am
2012;37(07):1489–1500

17 Shin EK. Impaction syndromes about the wrist. Curr Rev Muscu-
loskelet Med 2023;16(01):1–8

18 DaSilva MF, Goodman AD, Gil JA, Akelman E. Evaluation of ulnar-
sided wrist pain. J Am Acad Orthop Surg 2017;25(08):e150–e156

19 Friedman SL, Palmer AK. The ulnar impaction syndrome. Hand
Clin 1991;7(02):295–310

20 Imaeda T, Nakamura R, Shionoya K, Makino N. Ulnar impaction
syndrome:MR imagingfindings. Radiology1996;201(02):495–500

21 Cerezal L, del Piñal F, Abascal F. MR imaging findings in ulnar-
sidedwrist impaction syndromes.Magn Reson Imaging Clin NAm
2004;12(02):281–299, vi

22 Tomaino MM. Ulnar impaction syndrome in the ulnar negative
and neutral wrist. Diagnosis and pathoanatomy. J Hand Surg [Br]
1998;23(06):754–757

23 Roh YH, Kim S, Gong HS, Baek GH. Prognostic value of clinical and
radiological findings for conservative treatment of idiopathic
ulnar impaction syndrome. Sci Rep 2018;8(01):9891

24 Ikeda M, Kobayashi Y, Saito I, Ishii T, Shimizu A, Mochida J.
Conservative treatment using a newly designed custom-made

Journal of Wrist Surgery Vol. 14 No. 1/2025 © 2024. Thieme. All rights reserved.

Guidelines for UIS (2024) Xu et al. 11

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009


wrist splint for ulnocarpal abutment syndrome. Prosthet Orthot
Int 2015;39(06):496–501

25 Terzis A, Koehler S, Sebald J, Sauerbier M. Ulnar shortening
osteotomy as a treatment of symptomatic ulnar impaction syn-
drome after malunited distal radius fractures. Arch Orthop Trau-
ma Surg 2020;140(05):681–695

26 Cha SM, Shin HD, Kim KC, Park E. Ulnar shortening for adolescent
ulnar impaction syndrome: radiological and clinical outcomes. J
Hand Surg Am 2012;37(12):2462–2467

27 Roulet S, Gubbiotti L, Lakhal W, et al. Ulna shortening osteotomy
for ulnar impaction syndrome: Impact of distal radioulnar joint
morphology on clinical outcome. Orthop Traumatol Surg Res
2021;107(05):102970

28 Im JH, Lee JY, Kang HV. The combined procedure of ulnar
metaphyseal shortening osteotomywith triangular fibrocartilage
complex foveal knotless repair. J Hand Surg Am 2021;46(09):822.
e1–822.e7

29 Nishiwaki M, Nakamura T, Nakao Y, Nagura T, Toyama Y. Ulnar
shortening effect on distal radioulnar joint stability: a bio-
mechanical study. J Hand Surg Am 2005;30(04):719–726

30 Auzias P, Delarue R, Camus EJ, VanOverstraeten L. Ulna shortening
osteotomy versus arthroscopic wafer procedure in the treatment
of ulnocarpal impingement syndrome. Hand Surg Rehabil 2021;
40(02):156–161

31 Feldon P, Terrono AL, Belsky MR. The “wafer” procedure. Partial
distal ulnar resection. Clin Orthop Relat Res 1992;275(275):
124–129

32 Sagerman SD, Zogby RG, Palmer AK, Werner FW, Fortino MD.
Relative articular inclination of the distal radioulnar joint: a
radiographic study. J Hand Surg Am 1995;20(04):597–601

33 Tolat AR, Stanley JK, Trail IA. A cadaveric study of the anatomy and
stability of the distal radioulnar joint in the coronal and trans-
verse planes. J Hand Surg [Br] 1996;21(05):587–594

34 Owens J, Compton J, Day M, Glass N, Lawler E. Nonunion rates
among ulnar-shortening osteotomy for ulnar impaction syn-
drome: a systematic review. J Hand Surg Am 2019;44(07):612.
e1–612.e12

35 Baek GH, Lee HJ, Gong HS, et al. Long-term outcomes of ulnar
shortening osteotomy for idiopathic ulnar impaction syndrome:
at least 5-years follow-up. Clin Orthop Surg 2011;3(04):295–301

36 Megerle K, Hellmich S, Germann G, Sauerbier M. Hardware
location and clinical outcome in ulna shortening osteotomy. Plast
Reconstr Surg Glob Open 2015;3(10):e549

37 Constantine KJ, Tomaino MM, Herndon JH, Sotereanos DG. Com-
parison of ulnar shortening osteotomy and the wafer resection
procedure as treatment for ulnar impaction syndrome. J Hand
Surg Am 2000;25(01):55–60

38 Loh YC, VanDen Abbeele K, Stanley JK, Trail IA. The results of ulnar
shortening for ulnar impaction syndrome. J Hand Surg [Br] 1999;
24(03):316–320

39 Darrow JC Jr, Linscheid RL, Dobyns JH, Mann JM III, Wood MB,
Beckenbaugh RD. Distal ulnar recession for disorders of the distal
radioulnar joint. J Hand Surg Am 1985;10(04):482–491

40 Rayhack JM, Gasser SI, Latta LL, Ouellette EA, Milne EL. Precision
oblique osteotomy for shortening of the ulna. J Hand Surg Am
1993;18(05):908–918

41 Wehbé MA, Cautilli DA. Ulnar shortening using the AO small
distractor. J Hand Surg Am 1995;20(06):959–964

42 Köppel M, Hargreaves IC, Herbert TJ. Ulnar shortening osteotomy
for ulnar carpal instability and ulnar carpal impaction. J Hand
Surg Br Eur Volume 1997;22(04):451–456

43 Mizuseki T, Tsuge K, Ikuta Y. Precise ulna-shortening osteotomy
with a new device. J Hand Surg Am 2001;26(05):931–939

44 Hama S,Moriya K, KodaH, TsubokawaN,Maki Y, NakamuraH. The
duration of bone healing and nonunion ratio after ulnar shorten-
ing osteotomy using a 5-hole forearm compression plate with
transverse osteotomy. Hand (N Y) 2023 (e-pub ahead of print).
Doi: 10.1177/15589447231218402

45 Doherty C, Gan BS, Grewal R. Ulnar shortening osteotomy for
ulnar impaction syndrome. J Wrist Surg 2014;3(02):85–90

46 Iniesta A, Bonev B, Curvale C, Legré R, Gay A. Outcomes of ulnar
shortening osteotomy using a new compression plate. Hand Surg
Rehabil 2020;39(01):19–22

47 Clark SM,GeisslerWB.Resultsof ulnar shorteningosteotomywitha
new plate compression system. Hand (N Y) 2012;7(03):281–285

48 Schmidle G, Arora R, Gabl M. Ulnar shortening with the ulna
osteotomy locking plate. Oper Orthop Traumatol 2012;24(03):
284–292

49 Viswanath P, Monaco NA, Lubahn JD. Patient-related factors
influencing ulnar-shortening osteotomy outcomes using the
trimed dynamic compression plate. Orthopedics 2015;38(02):
e106–e111

50 Collins M, Hart A, Hines J, Steffen T, Harvey EJ, Martineau PA.
Distal ulna fractures: A biomechanical comparison of locking
versus nonlocking plating constructs. J Orthop Trauma 2014;28
(08):470–475

51 Feldon P, Terrono AL, Belsky MR. Wafer distal ulna resection for
triangular fibrocartilage tears and/or ulna impaction syndrome. J
Hand Surg Am 1992;17(04):731–737

52 Schuurman AH, Bos KE. The ulno-carpal abutment syndrome.
Follow-up of the wafer procedure. J Hand Surg [Br] 1995;20(02):
171–177

53 Bickel KD. Arthroscopic treatment of ulnar impaction syndrome. J
Hand Surg Am 2008;33(08):1420–1423

54 Nagle DJ, Bernstein MA. Laser-assisted arthroscopic ulnar short-
ening. Arthroscopy 2002;18(09):1046–1051

55 Afifi A, Ali AM, Abdelaziz A, Abuomira IE, Saleh WR, Yehya M.
Arthroscopic wafer procedure versus ulnar shortening osteotomy
for treatment of idiopathic ulnar impaction syndrome: a random-
ized controlled trial. J Hand Surg Am 2022;47(08):745–751

56 Oh WT, Kang HJ, Chun YM, Koh IH, An HM, Choi YR. Arthroscopic
wafer procedure versus ulnar shortening osteotomy as a surgical
treatment for idiopathic ulnar impaction syndrome. Arthroscopy
2018;34(02):421–430

57 Lapner PC, Poitras P, Backman D, Giachino AA, Conway AF. The
effect of the wafer procedure on pressure in the distal radioulnar
joint. J Hand Surg Am 2004;29(01):80–84

58 Slade JF III, Gillon TJ. Osteochondral shortening osteotomy for the
treatment of ulnar impaction syndrome: a new technique. Tech
Hand Up Extrem Surg 2007;11(01):74–82

59 Khouri JS, Hammert WC. Distal metaphyseal ulnar shortening
osteotomy: technique, pearls, and outcomes. J Wrist Surg 2014;3
(03):175–180

60 Kubo N, Moritomo H, Arimitsu S, Nishimoto S, Yoshida T. Distal
ulnar metaphyseal wedge osteotomy for ulnar abutment syn-
drome. J Wrist Surg 2019;8(05):352–359

61 Luo TD, De Gregorio M, Zuskov A, et al. Distal metaphyseal
osteotomy allows for greater ulnar shortening compared to
diaphyseal osteotomy for ulnar impaction syndrome: A bio-
mechanical study. J Wrist Surg 2020;9(02):100–104

62 Marquez-Lara A, Nuñez FA Jr, Kiymaz T, Nuñez FA Sr, Li Z.
Metaphyseal versus diaphyseal ulnar shortening osteotomy for
treatment of ulnar impaction syndrome: a comparative study. J
Hand Surg Am 2017;42(06):477.e1–477.e8

63 Zhou JY, Frey CS, Shah KN, Ostergaard PJ, Yao J. Antegrade fixation
of distal metaphyseal ulnar shortening osteotomy. Tech Hand Up
Extrem Surg 2023;27(03):182–188

64 Frey CS, Zhou JY, Shah KN, et al. Distal Metaphyseal Ulnar
Shortening Osteotomy Fixation: A Biomechanical Analysis. J
Hand Surg Am 2024;49(09):928.e1–928.e7

65 Verhiel SHWL, Ritt MJPF, Chen NC. Predictors of secondary ulnar
shortening and reoperation after arthroscopic TFCC debridement.
Hand (N Y) 2022;17(06):1147–1153

66 Shim JI, Im JH, Lee JY, Kang HV, Cho SH. Changes in ulnar variance
after a triangular fibrocartilage complex tear. J Wrist Surg 2019;8
(01):30–36

Journal of Wrist Surgery Vol. 14 No. 1/2025 © 2024. Thieme. All rights reserved.

Guidelines for UIS (2024) Xu et al.12

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



67 Kim BS, Song HS. A comparison of ulnar shortening osteotomy
alone versus combined arthroscopic triangular fibrocartilage
complex debridement and ulnar shortening osteotomy for
ulnar impaction syndrome. Clin Orthop Surg 2011;3(03):
184–190

68 Tatebe M, YamamotoM, Kurimoto S, Iwatsuki K, Yoneda H, Hirata
H. Do triangular fibrocartilage complex foveal injuries affect the
clinical outcome of ulnar shortening osteotomy for ulnar impac-
tion syndrome? J Orthop Sci 2023;28(02):364–369

69 MoritomoH. The distal interosseousmembrane: current concepts
inwrist anatomyand biomechanics. J Hand Surg Am2012;37(07):
1501–1507

70 Ryoo HJ, Kim YB, Kwak D, Choi IC, Park JW. Ulnar positive variance
associated with TFCC foveal tear. Skeletal Radiol 2023;52(08):
1485–1491

71 Nguyen MH, Lipari N, O’Brien AL, Samade R, Jain SA. Darrach vs.
Sauve-Kapandji: A comprehensive meta-analysis of surgical out-
comes in distal radioulnar joint (DRUJ) dysfunction. Indian J
Orthop 2023;57(04):565–570

72 Kessler I, Hecht O. Present application of the Darrach procedure.
Clin Orthop Relat Res 1970;72(72):254–260

73 Haferkamp H. Die Arthrodese des distalen Radioulnargelenks mit
gleichzeitiger Ellensegmentresektion nach Kapandji-Sauvé.
[Kapandji-Sauvé procedure with distal radioulnar fusion and
segmental resection of the ulna]Oper Orthop Traumatol 2012;
24(01):13–22

74 Lichtman DM, Ganocy TK, Kim DC. The indications for and
techniques and outcomes of ablative procedures of the distal
ulna. The Darrach resection, hemiresection, matched resection,
and Sauvé-Kapandji procedure. Hand Clin 1998;14(02):
265–277

75 Lluch A. The Sauvé-Kapandji procedure: indications and tips for
surgical success. Hand Clin 2010;26(04):559–572

76 Fernandez DL, Joneschild ES, Abella DM. Treatment of failed
Sauvé-Kapandji procedures with a spherical ulnar head prosthe-
sis. Clin Orthop Relat Res 2006;445(445):100–107

77 Atwal NS, Clark DA, Amirfeyz R, Bhatia R. Salvage of a failed Sauve-
Kapandji procedure using a total distal radio-ulnar joint replace-
ment. Hand Surg 2010;15(02):119–122

78 Moore R, O’Leary R, Gonzalez G, Herrera FA. Sauvé-Kapandji and
Darrach salvage procedure rates and perioperative parameters for
distal radioulnar joint arthritis and instability. Hand (N Y) 2022;
17(1_suppl):6S–11S

79 Verhiel SHWL, Özkan S, Ritt MJPF, Chen NC, Eberlin KR. A
comparative study between Darrach and Sauvé-Kapandji proce-
dures for post-traumatic distal radioulnar joint dysfunction. Hand
(N Y) 2021;16(03):375–384

80 Carl HM, Lifchez SD. Functional and radiographic outcomes of the
Sauvé-Kapandji and Darrach procedures in rheumatoid arthritis. J
Hand Microsurg 2019;11(02):71–79

81 Minami A, Iwasaki N, Ishikawa J, Suenaga N, Yasuda K, Kato H.
Treatments of osteoarthritis of the distal radioulnar joint: long-
term results of three procedures. Hand Surg 2005;10(2-
3):243–248

82 YayacM, Padua FG, Banner L, et al. Treatment outcomes in patients
undergoing surgical treatment for arthritis of the distal radio-
ulnar joint. J Wrist Surg 2020;9(03):230–234

83 Pereira GF, Fletcher AN, O’Donnell JA, et al. Ulnar resection length:
a risk factor for nonunion in ulnar shortening osteotomy. Hand (N
Y) 2024;19(01):74–81

84 Teunissen JS, Wouters RM, Al Shaer S, et al; Hand-Wrist Study
Group. Outcomes of ulna shortening osteotomy: a cohort analysis
of 106 patients. J Orthop Traumatol 2022;23(01):1

85 Blackburn J, Saqib R, Rooker J, Baumann A, Amirfeyz R. The effect
of early active mobilization on union rate after ulnar shortening
osteotomy. J Wrist Surg 2019;8(01):72–75

86 Smet LD, Vandenberghe L, Degreef I. Ulnar impaction syndrome:
ulnar shortening vs. arthroscopic wafer procedure. J Wrist Surg
2014;3(02):98–100

87 Tomaino MM, Weiser RW. Combined arthroscopic TFCC debride-
ment and wafer resection of the distal ulna in wrists with
triangular fibrocartilage complex tears and positive ulnar vari-
ance. J Hand Surg Am 2001;26(06):1047–1052

88 MeftahM, Keefer EP, Panagopoulos G, Yang SS. Arthroscopic wafer
resection for ulnar impaction syndrome: prediction of outcomes.
Hand Surg 2010;15(02):89–93

89 Bernstein MA, Nagle DJ, Martinez A, Stogin JM Jr, Wiedrich TA. A
comparison of combined arthroscopic triangular fibrocartilage
complex debridement and arthroscopic wafer distal ulna resec-
tion versus arthroscopic triangular fibrocartilage complex de-
bridement and ulnar shortening osteotomy for ulnocarpal
abutment syndrome. Arthroscopy 2004;20(04):392–401

90 Imai H, Takahara M, Kondo M. Ulnar shortening osteotomy for
ulnar abutment syndrome: the results of metaphyseal and
diaphyseal osteotomies. J Hand Surg Asian Pac Vol 2020;25(04):
474–480

Journal of Wrist Surgery Vol. 14 No. 1/2025 © 2024. Thieme. All rights reserved.

Guidelines for UIS (2024) Xu et al. 13

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


