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Abstract

BACKGROUND

Although metaphyseal ulnar shortening osteotomy (MUSO) is safer for the
treatment of ulnar impaction syndrome (UIS) than diaphyseal ulnar shortening
osteotomy (DUSO), DUSO is widely used for UIS treatment.

AIM
To evaluate the effectiveness of DUSO and MUSO for UIS treatment and

determine the factors that should be considered when choosing surgical treatment
for UIS.

METHODS

Articles comparing the effectiveness of DUSO and MUSO for UIS treatment were
systematically retrieved from MEDLINE (Ovid), PubMed, EMBASE, and
Cochrane Library. The demography, incidence of complications, secondary
operation rate, postoperative DASH score, wrist pain on the visual analogue scale,
and grip strength improvement were also evaluated. In addition, the correlation
between the improvement of grip strength and the shortening of osteotomy
length of ulna was analyzed. The outcome of the patient was discontinuous, and
the odds ratio, risk ratio (RR), and 95%CI were calculated and analyzed via
RevMan5.3 software.
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RESULTS

Six studies, including 83 patients receiving MUSO (experimental group) and 112 patients receiving
DUSO (control group), were included in the meta-analysis. The second operation rate was
significantly higher after DUSO than after MUSO. The DASH scores were slightly lower in the
MUSO group than in the DUSO group. The patients receiving MUSO had slightly better pain relief
effect than patients receiving DUSO. However, the incidence of complications and improvement of
grip strength were not significantly different between the two groups.

CONCLUSION

Although DUSO and MUSO provide similar effects for UIS, MUSO is associated with a lower
secondary operation rate, slightly lower postoperative DASH scores and slightly better pain relief
effect than DUSQ, indicating that MUSO can effectively be used for UIS treatment.

Key Words: Metaphyseal; Diaphyseal; Ulnar shortening osteotomy; Ulnar impaction syndrome; Meta-
analysis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Ulnar impaction syndrome (UIS) is caused by overload of the ulnar wrist joint. This is the
common cause of ulnar wrist pain. UIS is related to static or dynamic lateral positive change. If not treated
in time, it may lead to the erosion and perforation of the triangular fibrocartilage complex, as well as the
degeneration of the triangular, Lunate or ulnar head cartilage. Therefore, the basic treatment of UIS
includes mechanical decompression of the overloaded ulnar wrist joint by reducing the ulnar variation.
There are many surgical treatments that can reduce the excessive pressure on the ulnar side of the wrist
joint, including diaphyseal ulnar shortening osteotomy (DUSO), thin section resection and metaphyseal
ulnar shortening osteotomy (MUSO). The Wafer resection site of the distal ulna belongs to MUSO.
Compare the effect of DUSO and MUSO ulnar shortening methods. In fact, both of these operations have
specific advantages and disadvantages. It should be clear whether the treatment choice of UIS patients
depends on the preferences of surgeons.

Citation: Deng HL, Lu ML, Tang ZM, Mao QL, Zhao JM. Is metaphyseal ulnar shortening osteotomy superior to
diaphyseal ulnar shortening osteotomy in the treatment of ulnar impaction syndrome? A meta-analysis. World J
Clin Cases 2023; 11(12): 2753-2765

URL: https://www.wjgnet.com/2307-8960/full/v11/i12/2753.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i12.2753

INTRODUCTION

Ulnar impaction syndrome (UIS) is a common cause of ulnar-sided wrist pain caused by overload
through the ulnocarpal joint. UIS is associated with static or dynamic ulnar positive variance[1,2] and
may lead to erosion and perforation of triangular fibrocartilage complex (TFCC) and degeneration of
triangular, lunate or ulnar head cartilage if not timely treated[3,4]. The basic UIS treatment involves
mechanical decompression of overloaded ulnocarpal joint by decreasing ulnar variance. Many surgical
treatments, including diaphyseal ulnar shortening osteotomy (DUSO), wafer resection, and metaphyseal
ulnar shortening osteotomy (MUSO), can be used to reduce excessive pressure on the ulnar side of the
carpus[5-11]. MUSO is usually performed at the Wafer resection site of the distal ulna. Nonetheless,
both DUSO and MUSO have specific advantages and disadvantages[9-13].

Although UIS is usually associated with positive ulnar variance, UIS has been found in patients with
neutral or negative ulnar variance. Furthermore, the thickness of TFCC is inversely associated with
ulnar variance[1,2]. Previous studies have reported that TFCC debridement alone cannot relieve ulnar
wrist pain caused by significant positive ulnar variance or other carpal lesions[14-16]. Besides, positive
ulnar variance may increase the risk of TFCC wear or perforation. Bernstein et al[4] showed that arthro-
scopic TFCC debridement combined with USO can effectively treat UIS. However, Saito et al[17]
indicated that ulnar variance may affect the results of TFCC debridement. Therefore, USO can biomech-
anically unload the ulnocarpal joint and relieve the ulnar wrist pain associated with UIS. Compared
with arthroscopic TECC debridement combined with USO, arthroscopic TFCC debridement combined
with wafer distal ulna resection is a more minimally invasive treatment with less secondary surgery rate
and tendonitis.
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DUSO is a common USO widely used to treat UIS since it can satisfactorily relieve ulnar wrist pain
[18,19]. Diaphyseal is the most common site of osteotomy. However, DUSO is associated with many
complications, including implant removal[20], catastrophic delayed union or nonunion at the osteotomy
site[20-25], postoperative tendinitis[26,27], and accidental residual positive variance[26]. Besides, the
position of the plate on the surface of the metacarpal or dorsal ulna may cause different regional
responses, such as postoperative tendinitis, symptomatic hardware, and hardware stimulation.
Compared with DUSO, MUSO has fewer complications. Nonetheless, MUSO is associated with some
complications. Some studies have also shown that DUSO and MUSO have similar treatment effects[1-6,
8]. The morphology of the inferior radioulnar joint (DRU]J) can affect the effect of USO for UIS treatment
[3]. DRUJ arthritis after USO may cause ulnar wrist pain and even impair wrist function due to the
incoordination of DRUJ[28-31]. MUSO is associated with better ulnar wrist pain relief, lower bone
nonunion rate, and lower secondary operation rate. However, Claes et al[32] showed that metaphyseal
and diaphysis fracture healing follows similar biomechanical progress. Smoking and the site of
osteotomy also affect the outcome of postoperative pain relief[33]. Cha ef al[34] recommend that patients
with osteoporosis in UIS should avoid using DUSO since delayed union or nonunion occasionally
occurs after DUSO.

However, it is unknown whether any factor should be considered when choosing DUSO or MUSO
for UIS treatment or whether it should be based on surgeon’s decision only. This meta-analysis aimed to
assess the effects of DUSO and MUSO for UIS treatment and determine preoperative factors that
surgeons should carefully consider when selecting DUSO and MUSO for UIS treatment.

MATERIALS AND METHODS

Literature search

Cochrane Library, MEDLINE (Ovid), PubMed, and EMBASE databases were searched on September 7,
2019, following the Reporting Items for Systematic Reviews and Meta-Analyses guideline[35]. A manual
search was also conducted on the relevant research to ensure that no research was omitted.

Search strategies

The key words applied in the literature search are shown in Table 1. The abbreviations "AWP" and
"USO" were also used during the search. The keywords were limited to titles and abstracts to ensure a
more accurate search for target research.

Inclusion and exclusion criteria

Inclusion criteria: (1) Studies reporting treatment outcomes of UIS and comparing distal MUSO and
DUSO for UIS treatment; (2) Studies with patients aged 15-80 years; and (3) Reports with at least one of
the following results: ulnar variance, visual analog scale (VAS) pain score, Quick DASH score,
contralateral grip strength, incidence of complications, and incidence of secondary surgery.

Exclusion criteria: (1) Studies not comparing distal MUSO and DUSO for UIS treatment; (2) Studies
only reporting the results of UIS's DUSO or MUSO; and (3) Duplicates and studies on cadavers, animals,
and children (below 14 years). Notably, all research designs were eligible, and exclusion was not based
on methodological quality.

Types of participants in the included studies
UIS patients with or without degenerative TFCC tears and patients diagnosed with ulnocarpal
abutment syndrome since ulnocarpal abutment syndrome has the same symptoms as UIS (Table 2).

Outcomes analyzed

The following information was analyzed: (1) Ulnar variance; (2) Pain score: VAS score; (3) Quick DASH
score: quick disabilities of the arm, shoulder, and hand questionnaire scores; (4) Grip strength of the
unaffected side; (5) Complication rates: Complication was defined as the need for a subsequent surgical
procedure after the first operation. The complication rates were calculated by dividing the number of
complications by the number of patients. The patients were treated using a Sauvé-Kapandji procedure.
Nonunion patients were treated with iliac crest bone grafting, cubital tunnel release, tendon graft stabil-
ization of the DRUJ. Some patients were treated with arthrolysis of the DRU]J, wrist arthrodesis,
osteosynthesis for nonunion of the ulna, refixation for refracture of the ulna, removal of the fixation
device for hardware-produced irritation, secondary surgery for unrelieved symptoms, and TFCC repair
for iatrogenic rupture of the TFCC during the AWP. Additional complications included the requirement
for hospital admission and antibiotics to treat an infection, the presence of an iatrogenic neurovascular
deficit or tendinopathy, and the detection of arthritic changes via radiography combined with
symptoms, extensor carpi ulnaris tendinitis, hardware loosening, and regional pain; and (6) Secondary
procedure rate: Hardware removal, resection ulnocarpal scar, arthrolysis of the DRU]J, arthrodesis,
refixation for refracture of the ulna.
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Table 1 Search items

Search items

Metaphyseal osteotomy and diaphyseal osteotomy

Distal metaphyseal ulnar shortening osteotomy and diaphyseal ulnar shortening osteotomy

Arthroscopic wafer procedures and ulnar shortening osteotomy

Wafer procedures and ulnar shortening osteotomy

Arthroscopic distal ulna resections and ulnar shortening osteotomy

Table 2 General demographic characteristics

Ref. Types of participants Selected outcomes

Bernstein et al[4], 2004 MUSO vs DUSO Ulnar variance; VAS; grip strength; complication rate; secondary procedure rate
Marquez-Lara et al[12], 2017 MUSO vs DUSO Secondary procedure rate; complication rate; quick DASH score

Sennwald et al[10], 2013 MUSO vs DUSO Ulnar variance; VAS

Constantine et al[41], 2000 MUSO vs DUSO Secondary procedure rate; complication rate

Smet et al[11], 2014 MUSO vs DUSO Secondary procedure rate; complication rate; quick DASH score

Oh et al[9], 2018 MUSO vs DUSO Secondary procedure rate; complication rate; quick DASH score

MUSO: Metaphyseal ulnar shortening osteotomy; DUSO: Diaphyseal ulnar shortening osteotomy; VAS: Visual analog scale.

JBaishideng®

Data extraction and review

Two authors (Deng HL and Lu ML) conducted a systematic electronic search. Duplicates were excluded
first, then the authors reviewed the titles and abstracts step by step. Finally, two other authors (Zhao JM
and Tang ZM) conducted a full-text review of the identified articles following the inclusion and
exclusion criteria. The following data were extracted: Year of publication, name of the author, type of
article, average age and gender distribution, type of operation, type of enrollment (experimental group
and control group), number of patients in each group, ulnar variance, pain score, Quick DASH score,
grip strength, incidence of complications and incidence of secondary operation. In addition, factors that
may affect healing (delayed union or nonunion) and pain relief, such as smoking status, osteoporosis,
and preoperative use of painkillers, were recorded.

Only the literature related to the efficacy of DUSO and MUSO in IUS treatment was retrieved. The
selection of the studies was performed step by step through title, abstract, and full-text review following
the predetermined inclusion and exclusion criteria. Non-English published studies were translated
before reviewing the reference part of the article. Two reviewers (Tang ZM and Mao QL) made research
choices and resolved any differences in the inclusion of the articles through discussion and further
review.

Statistical analysis

Discontinuous data were used for comparison analysis. Odds ratio (OR), risk ratio (RR), and 95%CI
were used for (The Cochrane Collaboration, Oxford, UK) for final analysis via RevMan5.3 software. The
sources of heterogeneity between studies were assessed in a step-by-step manner. In addition, hetero-
geneity was extracted for subgroup analysis. A random effects model was used for moderate to high
heterogeneity (I*> value > 50%), while fixed effects model was used for low heterogeneity (I* value <
50%). Pain relief between subgroups was also compared based on ulnar shortening osteotomy of
different lengths. The pain score (VAS) and grip strength improvement were compared using a two-
sample t-test. A two-sample f-test was also used to analyze the difference of grip strength improvement
between different lengths of ulnar shortening osteotomy. The relationship between the length of ulnar
osteotomy and grip strength improvement was evaluated using linear regression analysis. Data were
expressed as mean * SD, and the significance level was set at 0.05.

RESULTS

Search results
The search results are presented in Figure 1. A total of 80 articles were initially identified from the
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electronic databases, of which only 44 were considered potentially relevant. A total of 22 of 44
potentially relevant articles were excluded after a careful evaluation of the title and abstract. Also, 15 of
the remaining 22 studies were excluded after reviewing full-text studies because they did not provide
sufficient data for meta-analysis, and 1 was excluded because it was a systematic review. Finally, six
independent studies were included in the final analysis. The bias risk map is shown in Figure 2, and the
summary of bias risk is shown in Figure 3.

Main characteristics of the included studies

The main features (study time, number of patients, gender, age, follow-up time, time since the first onset
of clinical syndrome, and intervention of participants) are shown in Table 3. The included studies had
195 patients, of which 83 received MUSO (experimental group) and 112 received DUSO (control group)
(Table 3). The six studies included 82 men and 113 women with an average age of 43.9 years. The
average follow-up period of the included studies was about 31.7 mo. Three studies provided
preoperative intervals (mo).

Baseline features

Some original studies did not provide baseline factors focusing on the comparison. The studies showed
that the amount of ulnar shortening osteotomy had a linear relationship with the improvement of grip
strength. However, the included studies did not provide raw data for analysis of the aspects of interest
since each had different objectives. Therefore, the aspects were analyzed based on the information
provided by the included studies. The preoperative ulnar variance, VAS, and contralateral grip strength
are shown in Table 4. The preoperative ulnar variance, VAS, and grip strength improvement were not
significantly different between the experimental and the control groups. The demographic character-
istics of the production subgroup are shown in Table 5. These characteristics were used to analyze the
selected results of VAS and grip strength between the MUSO and DUSO groups.

Complication rates

The incidence of complications was slightly higher in the DUSO group than in the MUSO group
(Figure 4) (OR = 0.54, 95%ClI: 0.13-2.25, P > 0.05, I* = 53%). The funnel chart showing the incidence of
complications is shown in Figure 5A.

Secondary procedure rate
The secondary operation rate was lower in the MUSO group than in the DUSO group (OR = 0.10,
95%CI: 0.01-0.70, P < 0.05, I*> = 65%) (Figure 6). Funnel plot showing the secondary procedure rate is
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Table 3 General patient information of the included studies

Ref No. of Gender Age Follow-up  Afterinjury No. of patients who No. of patients who
’ patients  (male/female) (mean yr) time (mo) (mo) underwent MUSO underwent DUSO

Bernsteinet al[4], 27 13/14 37.6 174 1338 11 16

2004

Marquez-Lara etal 35 17/18 439 18.5 Not reported 14 21

[12], 2017

Sennwald et al[10], 29 45277 429 54 55 16 13

2013

Constantine et al 22 45152 40.5 36 Not reported 11 11

[41], 2000

Smet et al[11], 2014 40 45229 404 29 Not reported 12 28

Ohetall9], 2018 42 17/25 53.6 355 295 19 23

MUSO: Metaphyseal ulnar shortening osteotomy; DUSO: Diaphyseal ulnar shortening osteotomy.

Table 4 General demographic characteristics

Preoperative ulnar Pain score  Grip strength of the
Ref. ) e Selected outcomes
variance (mm) (VAS) unaffected side (%)
Bernstein ef al[4], 15 Not reported  55.2 Ulnar variance; VAS; grip strength; complication
2004 rate; secondary procedure rate
Marquez-Lara et al 89 6.5 Not reported Secondary procedure rate; complication rate; quick
[12], 2017 DASH score
Sennwald et al[10], 2.6 8 Not reported Ulnar variance; VAS
2013
Constantine et al[41], 2 Not reported  Not reported Secondary procedure rate; complication rate
2000
Smet et al[11], 2014 2 Not reported  Not reported Secondary procedure rate; complication rate; quick
DASH score
Oh et al[9], 2018 29 5.9 54.1 Secondary procedure rate; complication rate; quick
DASH score

VAS: Visual analog scale.

Random sequence generation (selection bias) _

Allocation concealment (selection bias) |

Blinding of participants and personnel (performance bias) |

Blinding of outcome assessment (detection bias) I

Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) I

Other bias |
0% 25% 50%  75%  100%
| - Low risk of bias |:| Unclear risk of bias . High risk of bias |

DOI: 10.12998/wjcc.v11.i12.2753 Copyright ©The Author(s) 2023.

Figure 2 Risk of bias graph.

shown in Figure 5B.

Postoperative DASH score
The postoperative DASH score was slightly lower in the MUSO group than in the DUSO group OR =
-7.87, 95%Cl: -22.04-6.31, P > 0.05, I* = 97%) (Figure 7). Funnel chart showing Pos-op DASH score is
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Preoperative ulnar Pain score  Grip strength of the
Ref. . Lo Selected outcomes
variance (mm) (VAS) unaffected side (%)
Bernstein ef al[4], 1 Not reported ~ 54/56 Ulnar variance; VAS; grip strength; complication
2004 rate; secondary procedure rate
Marquez-Lara et al 1.285714 6.64/6.45 Not reported Secondary procedure rate; complication rate; quick
[12], 2017 DASH score
Sennwald et al[10], 0.666667 7.3/8.2 Not reported Ulnar variance; VAS
2013
Constantine et al 0.6 Not reported ~ Not reported Secondary procedure rate; complication rate
[41], 2000
Smet et al[11], 2014 1.588235 Not reported  Not reported Secondary procedure rate; complication rate; quick
DASH score
Oh et al[9], 2018 1.034483 5.8/6.0 51/ 59 Secondary procedure rate; complication rate; quick

DASH score

VAS: Visual analog scale.

Alejandro Marquez-Lara 2017
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¥ |Selective reporting (reporting bias)
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Luc De Smet 2014
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Matthew A 2004
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7

2

7

2

QO O O ® O Rndom sequence generation (selection bias)

Won-Taek Oh 2017

2

2

2

2
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Figure 3 Risk of bias summary.

Copyright ©The Author(s) 2023.

shown in Figure 5C.

Pain VAS outcome
Two sample t-test showed that the postoperative VAS was slightly lower in the MUSO group than in
the DUSO group (T = -0.978, P > 0.05).

Grip strength outcome
Two sample f-test showed that the postoperative grip strength of the unaffected extremity was not
significantly different between the two groups (T = 0.252, P > 0.05). Two sample f-test was also applied
to compare postoperative grip strength outcomes between two common lengths of ulnar shortening
osteotomy (2.5-mm and 3.0-mm USO). The postoperative grip strength outcomes were not significantly
different between the 2.5-mm and 3.0-mm groups (P > 0.05). However, the pre- and postoperative
percentages of grip strength of the contralateral wrist were significantly different between the two
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Metaphyseal Diaphysal Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Alejandro Marquez-Lara 2017 2 14 2 21 21.3% 1.58 [0.20, 12.79]) =
Kostas J.Constantine 2000 0 11 7 11 14.0% 0.03[(0.00,056] ¥
Luc De Smet 2014 1 12 0 28 12.8% 7.43[0.28, 196.21] >
Matthew A 2004 4 11 7 16 26.5% 0.73[0.15, 3.55] = =
Won-Taek Oh 2017 2 19 8 23 25.2% 0.22 [0.04, 1.20] - 7T
Total (95%Cl) 67 99 100.0% 0.54 [0.13, 2.25)
Total events 9 24 ) X X )

Heterogeneity: Tau® = 1.36; Chi* = 8.59, df =4 (P = 0.07); I* = 53%
Test for overall effect: Z = 0.85 (P = 0.40)

0.01 0.1 1 10 100
Favours [experimental) Favours [control]

DOI: 10.12998/wjcc.v11.i12.2753 Copyright ©The Author(s) 2023.

Figure 4 Complication rates.
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Figure 5 Funnel plot. A: The incidence of complications; B: The secondary procedure rate; C: Pos-op DASH score.
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groups. Specifically, grip strength improved by 32% and 28% in the MUSO group (P < 0.05) and DUSO
group (P < 0.05), respectively. Linear regression analysis showed that the length of ulnar osteotomy was
not significantly associated with grip strength improvement based on Bernstein et al[4] study (F = 0.194
P>0.05)

DISCUSSION

To the best of our knowledge, this is the first meta-analysis comparing effectiveness of MUSO and
DUSO in UIS treatment. The effects of MUSO and DUSO in UIS treatment are controversial. In this
study, the incidence of complications, postoperative DASH scores, pain VAS results, and improved grip
strength were similar between the DUSO and MUSO groups. However, the rate of secondary operation
was lower after MUSO than after DUSO.

The improvement of grip strength should be evaluated as a percentage of contralateral wrist between
groups based on the preoperative and postoperative grip strength. Nonetheless, some studies have
reported postoperative grip strength as a percentage of the contralateral wrist. Herein, data from
Bernstein et al[4] showed that the grip strength improvement was not significantly different between the
2.5-mm and 3.0-mm ulnar shortening lengths (P = 0.336). Quadlbauer et al[36] also is reported that
positive ulnar variance caused by distal radius fracture is associated with decreased grip strength. These
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Experinmental Control Odds ratio 0Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95%CI M-H, random, 95%CI
Alejandro Marquez-Lara 2017 2 14 2 21 22.9% 1.58 [0.20, 12.79]) -
Kostas J.Constantine 2000 0 11 5 11 17.6% 0.05 [0.00, 1.09] ¢ l
Luc De Smet 2014 2 12 27 28 20.5% 0.01 [0.00, 0.09] ¢
Matthew A 2004 1 11 10 16 21.7% 0.06 [0.01, 0.59] ¢ =~
Won-Taek Oh 2017 0 19 2 23 17.3% 0.22[0.01, 4.88] ¢ bl
Total (95%Cl) 67 99 100.0% 0.10 [0.01,0.70)  ———e——
Total events 5 46

Heterogeneity: Tau?

=3.12; Chi*=11.39,df =4 (P = 0.02); I = 65%
Test for overall effect: Z = 2.33 (P = 0.02)

0.01 0.1 1 10 100
Favours [experimental] Favours [control]
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Figure 6 Secondary procedure rate.

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95%CI 1V, random, 95%CI
Alejandro Marquez-Lara 2017 229 1934 100 423 1934 100 33.0% -19.40[-24.76,-14.04] -+
Luc De Smet 2014 34 194 100 26 183 100 33.0% 8.00[2.77,13.23] -
Won-Taek Oh 2017 194 84 100 315 14 100 34.0% -12.10[-15.30,-8.80] =
Total (95%Cl) 300 300 100.0% -7.87 [-22.04,6.31]

Heterogeneity: Tau®= 151.18; Chi*= 5§8.66, df= 2 (P < 0.00001); F=97%
Test for overall effect: Z= 1.09 (P=0.28)

-100 -50 0 50 100
Favours [experimental] Favours [control]
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Figure 7 Postoperative DASH score outcome.

Jaishideng®

studies showed that USO unloading ulnar-wrist hypertension can treat UIS[37]. Furthermore, results
showed that preoperative or postoperative pain was not correlated with the degree of ulnar variance,
indicating that preoperative ulnar variance should not be considered for procedural decision-making.
Bernstein et al[4] suggested that the change of ulna should be reduced to -2.5mm after the operation.
Furthermore, the improvement in grip strength was not significantly different between the MUSO
group and the DUSO group. Moreover, preoperative and postoperative grip strength were significantly
different between the two groups (P < 0.05). Bernstein et al[4] did not analyze the relationship between
ulna shortening and grip strength improvement in different lengths. DUSO is associated with high
nonunion rate. Schmidle et al[38] promoted bone healing at the osteotomy site using ulnar osteotomy
locking plate. The surgical method improves the healing rate of DUSO mainly in the following aspects:
(1) Oblique osteotomy expands the bone contact surface of osteotomy; (2) guide saw makes osteotomy
more accurate than manual osteotomy; and (3) slide hole design plate can easily close the osteotomy gap
and tension screw to compress the osteotomy surface. Meanwhile, Terzis et al[39] recently reported that
USO can achieve a 100% healing rate using similar saw blade guide plates and slide hole design plates
for the treatment of symptomatic UIS after distal radius fractures. The difference in complication rates
between DUSO and MUSO for the treatment of ulnar impaction syndrome has gradually reduced due
to the improvement of the instrument and the development of DUSO[37,40]. MUSO and DUSO for UIS
treatment may depend on surgeon preference. Although many surgeons prefere DUSO, MUSO may be
more suitable for UIS patients with osteoporosis, nonunion risk[23,24], and smoking history[33].
Besides, DUSO patients may be at risk of a second fracture at the osteotomy site after plate removal.
Terzis et al[39] showed that excessive ulnar shortening is postoperative risk factor for distal radioulnar
joint inconsistency, leading to the development of osteoarthritis. Nufiez ef al[33] indicated that the
amount of ulnar shortening is balanced with soft tissue. Besides, ulnar shortening should obtain ulnar
variance from 0 to 2 mm, indicating that ulnar change larger than 4 mm is suitable for DUSO.

In this study, the pain relief was slightly better in the MUSO than in the DUSO group, inconsistent
with Nufiez ef al[33]'s study. Specifically, Nuiez et al[33] found that tobacco use and preoperative opioid
consumption are risk factors for pain after osteotomy and thus can act as predictors of pain relief. Nuilez
et al[33] performed MUSO at distal metaphyseal of ulna to repair the radius-ulnar level (negative
variance of the ulna after MUSO; 1-2 mm). Finally, the ulnar osteotomy site at the metaphysis was
completely closed, and osteotomy site was fixed with the distal ulnar hook plate[33]. Diaphyseal
osteotomy is an extra-articular operation where the pressure of the distal ulnar wrist joint is removed
without affecting the distal ulnar wrist joint pressure and radioulnar joint (DRU]J) function. However,
diaphysis osteotomy can damage the distal interosseous membrane and cause postoperative tendinitis
because of the diaphysis plate. Metaphyseal osteotomy is suitable for the reconstruction of the TFCC
fovea attachment and the shortening of the ulna, indicating that MUSO may be more minimally
invasive. Wrist arthroscopy-assisted MUSO should start at the tip of the ulnar styloid process, followed
by a longitudinal incision of 6-8 cm to the proximal end for the treatment of TFCC injury with ulnar
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impaction because TFCC attachment avulsion is usually combined with UIS[33]. Compared with wrist
arthroscopy-assisted DUSO, minimally invasive method is significantly effective for the treatment of
ulnar impaction with TFCC injury. The incision of wrist arthroscopy-assisted DUSO may be larger than
12 cm. Although DUSO and MUSO are both extra-articular surgeries, they may lead to radiologically
visible degenerative changes in DRU]J[34]. Cha et al[34] indicated that surgeons should inform patients
with type III DRUJ before surgery and the potential risk of changes in DRU]J arthritis. Nonetheless, the
relationship between radiological degeneration of DRUJ and USO of UIS is unclear. The removal of the
ulnar head is usually performed at the dome of the ulnar head or near the metaphyseal bone. Arthro-
scopic discectomy involves the removal of the dome of the ulnar head or moving ulnar head, mechan-
ically decompressing the ulnocapal joint load[41], thus avoiding DRUJ damage. Postoperative wrist
pain may be caused by pressure tension of ulnocarpal interosseous ligament due to excessive
osteotomy. The tensioned ulnocapal ligament, especially at DRUJ, increases the risk of arthritis in DRUJ.
Arthroscopic wafer resection has an advantage at the intra-articular ulnar head, making it superior to
DUSO or MUSO since it reduces the risk of arthritis changes in DRUJ[4,9,11,41]

CONCLUSION

DUSO is associated with a higher secondary procedure rate[4,9,11,41], especially the removal of the
plate. DUSO is also associated with a risk of a second fracture at the osteotomy site after plate removal.
Although DUSO and MUSO have similar effect for UIS treatment, MUSO is associated with a lower
secondary procedure rate, slightly lower postoperative DASH score, and slightly better pain relief, and
thus is suitable for UIS treatment.

ARTICLE HIGHLIGHTS

Research background

Although metaphyseal ulnar shortening osteotomy (MUSO) is safer for the treatment of ulnar impaction
syndrome (UIS) than diaphyseal ulnar shortening osteotomy (DUSO), DUSO is widely used for UIS
treatment.

Research motivation

It is unknown whether any factor should be considered when choosing DUSO or MUSO for UIS
treatment or whether it should be based on surgeon’s decision only. This study tries to give some
references to the surgeons.

Research objectives
This meta-analysis aimed to evaluate the effectiveness of DUSO and MUSO for UIS treatment and
determine the factors that should be considered when choosing surgical treatment for UIS.

Research methods
Cochrane Library, MEDLINE (Ovid), PubMed, and EMBASE databases were searched. A manual search
was also conducted on the relevant research to ensure that no research was omitted.

Research results

Two sample t-test showed that the postoperative grip strength of the unaffected extremity was not
significantly different between the two groups. Two sample t-test was also applied to compare
postoperative grip strength outcomes between two common lengths of ulnar shortening osteotomy. The
postoperative grip strength outcomes were not significantly different between the 2.5-mm and 3.0-mm
groups. However, the pre- and postoperative percentages of grip strength of the contralateral wrist were
significantly different between the two groups. Specifically, grip strength improved by 32% and 28% in
the MUSO group and DUSO group, respectively.

Research conclusions

Although DUSO and MUSO have similar effect for UIS treatment, MUSO is associated with a lower
secondary procedure rate, slightly lower postoperative DASH score, and slightly better pain relief, and
thus is suitable for UIS treatment.

Research perspectives

Although MUSO can be used for UIS treatment, it has not been verified in many patients. A large-scale
and appropriate research requires long-term outcomes to distinguish and describe the benefits of one
technology over another. Besides, previous retrospective studies had inherent selection biases using
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different surgical techniques and equipment. Most included studies did not consider or report the
etiology of UIS. Therefore, large sample size, multicenter prospective studies are needed to verify the
above results. Besides, these studies should use unified surgical techniques and equipment for clearer
conclusions. Surgical interventions were not randomly allocated because of ethical reasons. This meta-
analysis summarized the bias risk of the included studies, pooled the selected outcomes, and compared
the different outcomes between MUSO and DUSO for UIS treatment.
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