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Abstract

Background: Wrist pain on the ulnar side is often caused by ulnar impaction syndrome (UIS). Idiopathic UIS requires sur@
treatment when conservative treatment fails. The 2 main surgical procedures used are the wafer procedure and ulnar shortening
osteotomy (USO) of the metaphysis or diaphysis. This review aimed to analyze comparative studies of the 2 procedures in UIS to
determine clinical outcomes and complications.

Methods: One prospective and 5 retrospective comparison trials were retrieved from the PubMed, Embase, and Cochrane
Library databases. The primary outcomes were treatment effectiveness; pain visual analog scale (VAS), disabilities of the arm,
shoulder, and hand (DASH) score, Mayo wrist, and Darrow scores. The incidence of postoperative complications formed the
secondary outcome.

Results: The selected studies included 107 patients who underwent the wafer procedure (G1) and 117 patients who underwent
USO (G2). The wafer procedure had the benefits of less postoperative immobilization and an early return to work. However,
there were no significant differences in the postoperative pain improvement and functional scores. All 6 studies reported high
total complication rates and reoperation with USO. The most frequent complication was implant-related discomfort or irritation;
subsequent plate removal was the most common reason for a secondary operation.

Conclusions: There was no difference in pain improvement or the postoperative functional score between the groups.
Nevertheless, postoperative complications were the major pitfalls of USO. As the specialized shortening system advances further,
a high-level study will be necessary to determine the surgical option in UIS.

Abbreviations: DASH = disabilities of the arm, shoulder, and hand, DRUJ = distal radioulnar joint, TFCC = triangular fibrocartilage

complex, UIS = ulnar impaction syndrome, USO = ulnar shortening osteotomy, VAS = visual analog scale.
Keywords: ulnar impaction syndrome, ulnar shortening osteotomy, wafer procedure

1. Introduction

Pain on the ulnar side of the wrist is frequently caused by ulnar
impaction syndrome (UIS). Excessive and repetitive weight
bearing across the wrist ulnar aspect can lead to degeneration of
the triangular fibrocartilage complex (TFCC), chondromalacia
of the lunate and ulnar head, lunotriquetral ligament disrup-
tion, and eventually, severe arthritic changes of the ulnocarpal
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joint.!'?l Depending on the severity of the damage to these struc-
tures, UIS is divided into stages. The malunion or premature
physeal arrest after distal radius fractures or other injuries can
cause UIS. However, the condition is termed’ idiopathic’ UIS in
patients with inherent ulnar positive variance or dynamic posi-
tive ulnar variance with wrist pronation and forceful grip with-
out any trauma.b!
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Surgical treatment for idiopathic UIS is needed when con-
servative treatment fails (immobilization or radiocarpal cor-
ticosteroid injection). In patients with symptoms of ulnar
impaction who are ulnar positive, decreasing mechanical col-
lision due to ulnar recession is necessary to relieve symptoms.
Therefore, the main surgical procedures used are joint resec-
tion, the wafer procedure, or osteotomy of the metaphysis or
diaphysis.

The ulnar shortening osteotomy (USO) described in 1941
by Milch was the most commonly performed surgical proce-
dure to treat UIS, and the extra-articular diaphyseal is typ-
ically fixed with a plate.® This procedure preserves the joint
capsules and ligaments around the wrist joint, and previous
studies have reported good or excellent outcomes in 73% to
94% of patients.[>>¢l However, it is associated with complica-
tions. Simple complications include, for example, the bulk of
the fixation plate, which often needs to be removed. Delayed
union or nonunion—which have an incidence of approximately
10% in published studies”!—are examples of more serious
complications.

Described in 1992 by Feldon, the wafer procedure is partial
excision of the distal ulna for decompression of the junction
of the ulna, TFCC, lunate, and triquetrum, which retains the
ligamentous attachments of the TFCC to the base of the styloid
process and preserves the function of the distal radioulnar joint
(DRUJ).11 Initially described as an open procedure, arthros-
copy can be performed, especially when there is a central tear
in the TFCC. The arthroscopic wafer procedure is suggested
to be suitable for idiopathic UIS patients with a perforated
TFCC,"12l <4 mm of positive ulnar variance, and no instability
of the DRUJ. It results in rapid recovery of daily life while avoid-
ing USO-related complications. 51314l

However, the limitation of a single surgeon infrequent expe-
rience has made comparative studies of available surgical
treatments rare. No technique guarantees successful outcomes,
presenting a therapeutic challenge. The choice of surgical treat-
ment depends on the operating surgeon experience and personal
preferences.

This review aimed to analyze comparative studies of the wafer
procedure and USO in UIS to identify clinical outcomes and
complications. The secondary goal was to perform a meta-anal-
ysis of the findings to compare the procedures.

2. Material and methods

2.1. Search strategy to identify studies

We followed the updated guidelines of the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols!!*!
for this meta-analysis. The relevant institutional review board
approved the study (approval no.: NHIMC 2021-09-0035).
Before we started the systematic review and meta-analysis, we
registered our study design in PROSPERO, an international
database of prospectively registered systematic reviews (identi-
fier: CRD42021275536).

We searched the literature of the MEDLINE (PubMed),
EMBASE, and Cochrane Library databases in July 2023.
Supplementary Appendix A, http:/links.lww.com/MD/]827
presents an overview of our search strategy. Articles reporting
randomized, prospective, and case-control studies were included
in the meta-analysis if they met the selection criteria. Only stud-
ies published in English were included due to difficulties in accu-
rately translating non-English language studies. Selected articles
were cross-checked for duplications.

2.2. Inclusion and exclusion criteria

Studies were included if they: were comparative studies (either
prospective or retrospective) that evaluated postoperative
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outcomes after the wafer procedure or USO in UIS and had
1 or more clinical outcomes of pain score, function score, or
postoperative complications. We considered that key points
had not been performed if they were not clearly mentioned in
a study.

The exclusion criteria were: study populations that under-
went different surgical procedures to effect treatment; studies
not reporting outcomes of interest; other forms of literature
such as reviews, expert opinions, and basic science studies; and
written in a language other than English.

2.3. Types of interventions

Patients were categorized into 2 groups based on the treatment
modality for UIS: the wafer procedure (group G1) and USO
(group G2).

2.4. Outcome measures and data extraction

The primary outcomes were pain and function scores. The visual
analog scale (VAS) score was used to evaluate pain. This scale
produces a score that ranges from 0 (no pain) to 10 (maximum
pain). Three specific methods of assessing wrist function were
used: the disabilities of the arm, shoulder, and hand (DASH)
score,!'®! Mayo wrist score,!'”! and Darrow score.!'8! The Mayo
wrist score and Darrow score are functional scoring systems in
which scores are categorized as excellent, good, fair, or poor.
To compare the Mayo wrist score and Darrow score, excellent
and good were grouped into 1 group, and fair and poor into
another. Odds were then calculated, and the meta-analysis was
performed.

The secondary outcomes were postoperative complications,
indicated by the incidence of reoperation and total complica-
tions, including implant discomfort or irritation and postoper-
ative persistent clinical symptoms, including pain, ulnocarpal
scar, infection, tendinopathy, carpal instability, ganglion, non-
union, re-fracture, nerve damage, and DRUJ instability. The rea-
sons for the reoperations were addressed separately.

We extracted data from the included studies regarding the
first author last name, year of publication, country where the
study was conducted, study period, number of patients, patient
age, sex ratio, side of the involved hand, Palmer classification,
and follow-up duration. This data was collated into a single
spreadsheet.

2.5. Study selection

After identifying possible literature to be included in this
review, 2 authors (H.K.K. and J.H.L.) independently screened
the titles and abstracts of each article against our inclusion and
exclusion criteria. In cases where the abstract was unclear, the
entire article was reviewed to determine whether the study met
the inclusion criteria by the main authors (J.K.L. and Y.W.K.).
After the initial screening, 2 independent authors (J.K.L.
and J.H.L.) checked the full text of each potential article for
eligibility.

Separately, each author recorded their screening results and
why they had excluded a particular study. Where the authors
disagreed, the 2 main authors (J.K.L. and Y.W.K.) made the
final decision on which studies to include. If a study pub-
lished data set was insufficient for our analysis, we emailed
the study authors to obtain a complete set of the original
data.

2.6. Quality assessment and publication bias

Two authors (J.W.H. and Y.W.K.) independently evaluated the
quality and risk of bias in all the included studies. For the pro-
spective comparative study, the grading of recommendations
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Figure 1. P preferred reporting items for systematic review and meta-analysis protocols flow diagram for clinical study selection.

assessment, development, and evaluation (GRADE) system with
4 categories (high, moderate, low, and very low) was employed
for quality levels and definition of a body of evidence. The risk
of bias was measured with 5 domains according to Version 2 of
the Cochrane tool for assessing risk of bias in randomized trials
(RoB 2).11%

For the retrospective comparative study, we used the
Newcastle-Ottawa scale to independently evaluate all the
studies included for this review for quality and risk of bias.
This scale has 3 parameters—selection, comparability, and out-
come—that each have subcategorized items. Selection has a
maximum of 4 stars, comparability a maximum of 2 stars, and
outcome (or exposure) a maximum of 3 stars. The outcomes
are presented in Supplementary Appendix B, http:/links.lww.
com/MD/J830. We used Begg funnel plot**! and Egger test??!! to
assess publication bias. This process is explained in Appendix

C.

2.7. Statistical analyses

We calculated the effect size as the weighted mean difference to
analyze each continuous outcome. This value denotes the mag-
nitude of differences between the groups being compared.’?*!
For binary outcomes, effect sizes were calculated as the relative
ratio (RR); studies were weighted according to the number of
patients. All types of effect sizes are presented with their 95%
confidence intervals (CIs).

Depending on the heterogeneity of the data, we used either a
fixed- or random-effects model to quantify the pooled effect size
of the studies included in this review. The chi-square (y?) and I?
tests were used to evaluate heterogeneity between comparable
studies; if P> .05 and I?> < 75, the fixed-effect model was used.
All analyses were performed using STATA software (version

14.0; Stata Corporation, College Station, TX). Statistical signif-
icance was set at P < .0S.

3. Results

3.1. Description of the included studies

A primary database search yielded 364 records. We excluded
duplicates and screened 327 articles by title and abstract. As a
result, 37 full-text articles were selected and reviewed for eligi-
bility. We found 1 prospective randomized controlled study!*!
and 5 retrospective studies,’?4261 which were included in
the present study (Fig. 1). The selected studies included 107
patients who underwent the wafer procedure (G1) and 117
patients who underwent USO (G2). The characteristics of the
included studies are summarized in Table 1. Detailed oper-
ative management of the included studies is summarized in
Table 2.

3.2. Quality assessment and publication bias

There was only 1 prospective randomized controlled study
included.?! Although the study adhered to the principles of ran-
dom allocation and blinding the operating surgeon and mea-
surement observer, there was a limitation in the small sample
size. According to the Version 2 of the Cochrane tool for assess-
ing risk of bias in randomized trials (RoB 2), it was graded as
low.

In terms of methodological quality in retrospective compar-
ative studies, the mean value of the awarded star was 7.2 (two
studies had 9 stars,>*! 1 study had 8 stars,” 1 study had 7
stars,?® and 1 study had 3 stars,?* Supplementary Appendix B,
http://links.lww.com/MD/J830). The Begg funnel plot appeared
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asymmetrical, but the P value for bias was not significant
(Supplementary Appendix C, http://links.lww.com/MD/J832).

3.3. Primary outcomes

Four of the studies included in this review evaluated pain.?23-2!
At the final follow-up, there was no difference in pain VAS com-
parison between G1 (n = 85) and G2 (n =90) (95% CI: -0.391
to 0.302, P = .80; Fig. 2).

The DASH score was compared between 4 studies, and the
findings were similar to the VAS assessment.?*2 G2 had a
DASH score 0.88 points lower than G1 without significant dif-
ference (95% CI: -1.700 to 3.453 points, P = .505; Fig. 3).

Regarding the Mayo wrist score, the 3 studies****! reported
outcomes as grades, and 2 studies?**! as mean values. In a
meta-analysis comparing 4 grades reclassified into 2 categories,
there was no difference between G1 (n=42) and G2 (n=67)
(RR =0.986,95% CI: 0.799-1.216, P = .892; Fig. 4). There was
no difference between the 2 groups even when the results of the
2 studies presented as average values were compared (95% CI:
-0.327 to0 4.779 points, P = .088; Fig. 5).

Darrow score was compared between 2 studies.> In a
meta-analysis comparing 4 grades reclassified into 2 categories,
there was no difference between G1 (n=22) and G2 (n=27)
(RR =1.039,95% CI: 0.760-1.421, P = .810; Fig. 6).

3.4. Secondary outcomes

The overall complication and reoperation rates are summa-
rized in Tables 3 and 4, respectively. There were studies that
reported multiple complications in 1 operation, and in this
case, the total number of complications was higher than the
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number of operations; therefore, meta-analysis could not be
performed.’54

All 5 included studies reported high total complication rates
and reoperation in G2.156232¢ The most common complication
was implant-related discomfort or irritation, and subsequent
plate removal was the reason for the largest number of second-
ary operations performed, amounting to 50%/>%252¢l and 78%
of cases, respectively.?¥l

4. Discussion

This systematic review of idiopathic UIS found comparable func-
tional scores and complications between the wafer procedure
and USO. Our results can be summarized as follows. There was
no significant difference in the postoperative pain improvement
and functional scores between these 2 types of procedures. The
wafer procedure had the benefits of less postoperative immobi-
lization and an early return to work. In addition, the frequency
of complication occurrence was higher with USO than with the
wafer procedure.

Until a prospective randomized controlled trial study was
reported in 2022, all were retrospective comparison studies for
this subject.?’ The significance of this study is that a meta-analy-
sis was performed by adding one recently published prospective
comparison study to the previous 5 retrospective comparison
studies. Nevertheless, most studies, including prospective stud-
ies, reported similar results with no difference in the degree of
clinical outcome improvement between the 2 groups.

We could not perform a meta-analysis of range of motion
(ROM) and grip power. In a prospective study by Afifi et al,
it was reported that there were no differences between the 2
groups in all joint movements.?3! Auzias et al,*! Oh et al,/*"!

Study %

D WMD (95% CI) Weight
1
I

Auzias -~ -0.25 (-1.61, 1.11) 6.52
1
l
1

Oh I E— 0.13(-0.40, 0.66) 42.80
1
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1
1
I

Azzi ——0——:— -0.20 (-0.71, 0.31) 46.37
1
1
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Overall (Fsquared = 0.0%, p = 0.814) : -0.04 (-0.39, 0.30) 100.00
I
| p—value =0.80
1

NOTE: Weights are frem random effects analysis :
,

I I

-1.87 0

Favor Wafer

Figure 2. Forest plots of the studies showing visual analog scale outcomes.
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Study %
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|

Auzias +—— 3.00 (-0.66, 6.66) 29.08
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1
1
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1
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1

T ' T
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Figure 3. Forest plots of the studies showing the disabilities of the arm, shoulder, and hand score.
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T I

K 1 10
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Figure 4. Forest plot of the differences in the Mayo wrist score between the groups (reported as grade).
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Figure 5. Forest plot of the differences in the Mayo wrist score between the groups (reported as average score).

Study %
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p—value =0.810
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Figure 6. Forest plot of the differences in Darrow score between the groups.
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DRUJ
problems

sensory branch

Carpal
instability  Ganglion

discomfort  Ulnocarpal

Cold
intolerance

discomfort
or irritation

Total

No
procedures

paresthesia

Re-fracture

Nonunion

scar Infection  Tendinopathy

or pain

number

Group

Author, year
Afifi, 2022

30
30
24

9

Wafer

12

12

Uso
Wafer
Uso

™M M~ AN O

Auzias, 2021

19
23

Wafer

Oh,

Uso

2018

Wafer 12
Uso 28 29* 22
Wafer 11

Smet, 2014
Bernstein,

16 18"

uso

2004

Wafer 11

Constantine.

uso

2000

distal radioulnar joint, op = operation, USO = ulnar shortening oteotomy.

DRUJ

*Multiple complications occurred in 1 unit, resulting in a greater number of complications than the total number.
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and Constantine et al® also described that there was no dif-
ference in ROM at the final follow-up though their study did
not suggest an accurate ROM angle. In Oh et al’s study, which
was the only one that was serially measured at 3, 6, 12, and 24
months, there was no difference in flexion-extension arcs, radial
and ulnar deviation arcs, or supination arcs according to the
postoperative period.?’! No study has reported an increase in
the joint range after surgery, but no study has reported a serious
decrease in the joint ROM.

In the same way, the grip power analysis could not be per-
formed because the existing studies did not present feasible
results for comparison. Afifi et el., Oh et al and Bernstein et al
reported no difference between the 2 groups after each oper-
ation.»??l However, Auzias et al?®! and Constantine et all®
reported that USO showed higher grip power than the wafer
procedure, although the differences were not statistically
significant.

Since the first introduction of the wafer procedure in 1992,/
there has been controversy regarding the superiority of the
wafer procedure over USO.5!37l The advantages of the wafer
procedure include less surgical pain, less disruption of the dor-
sal radiocarpal and radioulnar capsules, and no requirement for
implant removal or bony union.?” Because the wafer procedure
is less invasive and does not require fracture fusion as USO does,
it has the advantages of a shorter immobilization period after
the operation and a quick return to work. Three studies reported
the average time required for the bone union from 6 to 12 weeks
after USQO.I5623251 Despite no clinical differences, Afifi et al,”*!
Oh et al,!*! and Smet et al®¥ also reported a significantly lower
duration of work time off in the wafer procedure group than
in the USO group. Auzias et al noted that the only difference
was that the patients in the arthroscopic wafer group returned
to work faster than those in the USO group.? Although there
are no absolute indications or contraindications for each proce-
dure, there have been arguments claiming limited indications for
the arthroscopic wafer procedure, including < 4 mm of positive
ulnar variance, Palmer type 2C or 2D lesions of the TFCC, sta-
ble DRUJ and/or lunotriquetral joint, and no evidence of insta-
bility or osteoarthritis at the DRU]J or ulnocarpal joint.[5!314.25.28]
Careful selection of patients is essential to ensure satisfactory
outcomes of the wafer procedure. In the studies by Oh et al and
Smet et al, 1 person in each wafer procedure group was con-
verted to USO as a secondary operation with persistent symp-
toms even after undergoing the wafer procedure.**%’!

In addition, this systematic review showed more complications
with USO than with the wafer procedure, although we could not
perform a meta-analysis due to statistical difficulty. In contrast
to the wafer procedure, USO requires adequate osteotomy, bone
shortening, instrument fixation, and subsequent bone union.
Various complications can occur during each surgical procedure,
including symptomatic implant irritation (rates of 0%—45%),
delayed union or nonunion, secondary DRU]J arthritis, and
re-fracture after removal of the fixation device.l*%*! Despite the
good clinical outcomes of USQ, it has critical shortcomings. Most
notably, delayed union or nonunion has been noticed with a vari-
able incidence (0-12.7%) and remains unresolved.®*! Many
factors, including patient factors, surgeon skills, and technique
decisions, may contribute to this. Among the included stud-
ies, 2 reported the occurrence of nonunion and that secondary
operation was required (Auzias et al, 1/9 [11.1%] and Smet et
al, 3/28 [10.7%], respectively).>*2¢l Auzias et al,?¢! Smet et al,?*l
and Constantine et al'® reported in their studies that osteotomy
was performed free hand and stabilized with a low contact-dy-
namic compression plate. Bernstein et al®! and Oh et al®! who
did not report nonunion, noted that a specialized ulnar shorten-
ing system was used in some patients, and surgical procedures
for guide cutting were described. Compared to the popular free-
hand osteotomy technique, several companies started to launch
specialized shortening osteotomy systems since 2005.53%-33 These
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Reoperation complications.

Reoperation
Author, year Group No procedures Number Reasons (n, %)
Afifi, 2022 Wafer 30 0
uso 30 i Removal from hardware irritation (11, 36.7%)
Auzias, 2021 Wafer 24 3 ECU stabilization for tendon instability (1, 4.1%)
styloid excision for Ulnar styloid nonunion (1, 4.1%)
Wrist denervation (1, 4.1%)
uso 9 7 Plate removal (5, 55.6%)
Nonunion (1, 11.1%)
Refracture after plate removal (1, 11.1%)
0Oh, 2018 Wafer 19 1 USO conversion (1, 5.2%))
uso 23 15 Plate removal (13, 56.5%)
Refracture after plate removal (2. 8.6%)
Smet, 2014 Wafer 12 2 USO conversion (1, 8.3%)
Blatt capsulodesis for scapholunate instabilty (1, 8.3%)
uso 28 30" Plate removal (22, 78.6%)
Nonunion (3, 10.7%)
Sauve-Kapanji op (1, 3.6%)
Cubital tunnel release (1, 3.6%)
DRUJ stabilization (1, 3.6%)
DRUJ arthrolysis (1, 3.6%)
Wrist arthrodesis (1, 3.6%)
Bernstein, 2004 Wafer 11 1 Arthroscopic debridement (1, 9%)
uso 16 10 Plate removal (9, 56.3%)
Arthroscopic debridement (1, 6.25%)
Constantine. 2000 Wafer 11 1 Distal ulnar resection (1, 9%)
uso 11 5 Plate removal (5, 45.5%)

DRUJ = distal radioulnar joint, op = operation, USO = ulnar shortening oteotomy.

*Multiple complications occurred in 1 unit, resulting in a greater number of complications than the total number.

systems facilitate USO with precise and parallel osteotomy, and
subsequently, the incidence of delayed or nonunion is expected
to decrease.’*3¢ Furthermore, advancement and revision in the
future will enable more stable and consistent USO. Nevertheless,
it is possible that other technical factors, such as periosteal strip-
ping, soft tissue dissection, and postoperative management, also
contributed to the difference in the nonunion rate regardless of
the orientation of the osteotomy.’”! Therefore, there is a limit to
simply comparing the frequency of nonunion depending on the
application of the osteotomy method or the specialized ulnar
shortening system, and further research is needed.

The most common complication of USO is plate discom-
fort or irritation, and significant plate removal is required for
secondary surgery. A recent study reported that the specialized
shortening system reduced the plate removal rates compared
to the conventional freehand technique.’” In terms of plate
position affecting plate removal, there have been controver-
sial arguments when it is applied to the volar, ulnar, and dor-
sal sides.’*# Nevertheless, to avoid plate-related problems, a
low-profile plate is recommended.***! Current knowledge of
plate-related clinical symptoms is an unsolved problem in USO.

There are several limitations to this systematic review and
meta-analysis. First, only 1 prospective comparative study between
the 2 procedures was performed, and the included studies were all
conducted with small sample sizes. Second, the heterogeneity of the
methods used in the UIS literature inhibited the statistical analy-
sis. Lastly, various techniques based on the surgeon experience and
instruments can affect clinical outcomes and complications after
UIS. Hence, the advancement in specialized shortening instruments
may have positive effects on USO in the future.

5. Conclusions

There was no difference in pain improvement or the post-
operative functional score between the procedures in our
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meta-analysis. Nevertheless, postoperative complications were
the major pitfalls of USO. As the specialized shortening system
advances further, a high-level study in the future is necessary to
determine the surgical option in UIS.

Acknowledgments

We would like to thank Yun-Rak Choi and Won-Taek Oh, main
authors of one included study, for providing raw data.

Author contributions

Conceptualization: Joong Won Ha, Jun-Ku Lee.

Data curation: Young Woo Kwon, Sujung Lee, Jinho Lee, Chae
Kwang Lim.

Investigation: Sujung Lee.

Methodology: Sujung Lee, Hyunsun Lim.

Resources: Sujung Lee.

Software: Hyunsun Lim.

Supervision: Jun-Ku Lee.

Validation: Hyunsun Lim, Jun-Ku Lee.

Visualization: Hyunsun Lim.

Writing — original draft: Joong Won Ha, Young Woo Kwon.

Writing — review & editing: Chae Kwang Lim, Jun-Ku Lee.

References

[1] Palmer AK. Triangular fibrocartilage complex lesions: a classification. ]
Hand Surg Am. 1989;14:594-606.

[2] Friedman SL, Palmer AK. The ulnar impaction syndrome. Hand Clin.
1991;7:295-310.

[3] Baek GH, Chung MS, Lee YH, et al. Ulnar shortening osteotomy
in idiopathic ulnar impaction syndrome. ] Bone Joint Surg Am.
2005;87:2649-54.

[4] Milch H. So-Called dislocation of the lower end of the ulna. Ann Surg.
1942;116:282-92.



Ha et al. ® Medicine (2023) 102:39

[5] Bernstein MA, Nagle DJ, Martinez A, et al. A comparison of com-
bined arthroscopic triangular fibrocartilage complex debridement and
arthroscopic wafer distal ulna resection versus arthroscopic triangular
fibrocartilage complex debridement and ulnar shortening osteotomy
for ulnocarpal abutment syndrome. Arthroscopy. 2004;20:392-401.
Constantine KJ, Tomaino MM, Herndon JH, et al. Comparison of
ulnar shortening osteotomy and the wafer resection procedure as treat-
ment for ulnar impaction syndrome. ] Hand Surg Am. 2000;25:55-60.
[7] Baek GH, Lee HJ, Gong HS, et al. Long-term outcomes of ulnar short-
ening osteotomy for idiopathic ulnar impaction syndrome: at least
5-years follow-up. Clin Orthop Surg. 2011;3:295-301.

[6

[8] Verhiel S, Ozkan S, Eberlin KR, et al. Nonunion and reoperation after
ulna shortening osteotomy. Hand (N Y). 2020;15:638-46.
[9] Feldon P, Terrono AL, Belsky MR. The “wafer” procedure. Partial distal

ulnar resection. Clin Orthop Relat Res. 1992;275:124-129.

[10] Feldon P, Terrono AL, Belsky MR. Wafer distal ulna resection for trian-
gular fibrocartilage tears and/or ulna impaction syndrome. ] Hand Surg
Am. 1992;17:731-7.

[11] Wnorowski DC, Palmer AK, Werner FW;, et al. Anatomic and biomechanical
analysis of the arthroscopic wafer procedure. Arthroscopy. 1992;8:204-12.

[12] Palmer AK. Triangular fibrocartilage disorders: injury patterns and
treatment. Arthroscopy. 1990;6:125-32.

[13] Tomaino MM, Weiser RW. Combined arthroscopic TFCC debridement
and wafer resection of the distal ulna in wrists with triangular fibro-
cartilage complex tears and positive ulnar variance. ] Hand Surg Am.
2001;26:1047-52.

[14] Bickel KD. Arthroscopic treatment of ulnar impaction syndrome. J
Hand Surg Am. 2008;33:1420-3.

[15] Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015: elab-
oration and explanation. BM]J. 2015;350:g7647.

[16] Hudak PL, Amadio PC, Bombardier C. Development of an upper
extremity outcome measure: the DASH (disabilities of the arm, shoul-
der and hand) [corrected]. The Upper Extremity Collaborative Group
(UECG). Am | Ind Med. 1996;29:602-8.

[17] Cooney WP, Bussey R, Dobyns JH, et al. Difficult wrist fractures.

Perilunate fracture-dislocations of the wrist. Clin Orthop Relat Res.

1987;214:136222147-147.

Darrow JC, Jr., Linscheid RL, Dobyns JH, et al. Distal ulnar recession for

disorders of the distal radioulnar joint. ] Hand Surg Am. 1985;10:482-91.

[19] Sterne JAC, Savovic J, Page M], et al. RoB 2: a revised tool for assessing
risk of bias in randomised trials. BM]J. 2019;366:14898.

[20] Begg CB, Mazumdar M. Operating characteristics of a rank correlation
test for publication bias. Biometrics. 1994;50:1088-101.

[21] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BM]J. 1997;315:629-34.

[22] Becker BJ. Synthesizing standardized mean-change measures. Br ] Math
Stat Psychol. 1988;41:257-78.

[23] Afifi A, Ali AM, Abdelaziz A, et al. Arthroscopic wafer procedure

versus ulnar shortening osteotomy for treatment of idiopathic ulnar

(18

www.md-journal.com

impaction syndrome: a randomized controlled trial. ] Hand Surg Am.
2022;47:745-51.

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

Oh WT, Kang HJ, Chun YM, et al. Arthroscopic wafer procedure ver-
sus ulnar shortening osteotomy as a surgical treatment for idiopathic
ulnar impaction syndrome. Arthroscopy. 2018;34:421-30.

Auzias P, Delarue R, Camus EJ, et al. Ulna shortening osteotomy versus
arthroscopic wafer procedure in the treatment of ulnocarpal impinge-
ment syndrome. Hand Surg Rehabil. 2021;40:156-61.

Nagle DJ, Bernstein MA. Laser-assisted arthroscopic ulnar shortening.
Arthroscopy. 2002;18:1046-51.

Lapner PC, Poitras P, Backman D, et al. The effect of the wafer procedure
on pressure in the distal radioulnar joint. ] Hand Surg Am. 2004;29:80-4.
Owens J, Compton J, Day M, et al. Nonunion rates among ulnar-short-
ening osteotomy for ulnar impaction syndrome: a systematic review. |
Hand Surg Am. 2019;44:612.e1-612.e12.

Baek GH, Chung MS, Lee YH, et al. Ulnar shortening osteotomy in
idiopathic ulnar impaction syndrome. Surgical technique. ] Bone Joint
Surg Am. 2006;88:212-20.

Nagy L, Jungwirth-Weinberger A, Campbell D, et al. The AO ulnar
shortening osteotomy system indications and surgical technique. |
Wrist Surg. 2014;3:91-7.

Singhal R, Mehta N, Brown P, et al. A Study comparing the outcomes
of transverse ulnar shortening osteotomy fixed with a DCP to oblique
osteotomy fixed with a procedure specific plate. ] Hand Surg Asian Pac
Vol. 2020;25:441-6.

Clark SM, Geissler WB. Results of ulnar shortening osteotomy with a
new plate compression system. Hand (N'Y). 2012;7:281-5.

Rayhack JM, Gasser SI, Latta LL, et al. Precision oblique osteotomy for
shortening of the ulna. ] Hand Surg Am. 1993;18:908-18.

Sunil TM, Wolff TW, Scheker LR, et al. A comparative study of
ulnar-shortening osteotomy by the freehand technique versus the
Rayhack technique. ] Hand Surg Am. 2006;31:252-7.

[36] Jungwirth-Weinberger A, Borbas P, Schweizer A, et al. Influence of plate

size and design upon healing of ulna-shortening osteotomies. ] Wrist
Surg. 2016;5:284-9.

Cha SM, Shin HD, Ahn K]J. Prognostic factors affecting union after
ulnar shortening osteotomy in ulnar impaction syndrome: a retrospec-
tive case-control study. ] Bone Joint Surg Am. 2017;99:638-47.

Ozasa Y, Iba K, Takahashi N, et al. Comparative study of dorsal and
volar plating for ulnar shortening osteotomy. | Hand Surg Asian Pac
Vol. 2020;25:54-8.

Das De S, Johnsen PH, Wolfe SW. Soft tissue complications of dorsal
versus volar plating for ulnar shortening osteotomy. ] Hand Surg Am.
2015;40:928-33.

Megerle K, Hellmich S, Germann G, et al. Hardware location and clin-
ical outcome in ulna shortening osteotomy. Plast Reconstr Surg Glob

Open. 2015;3:e549.



