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A Meta-analysis of Studies of Volar Locking Plate

Fixation of Distal Radius Fractures: Conventional
versus Minimally Invasive Plate Osteosynthesis

Dong-Yeong Lee, MD, Young-Jin Park, MD*, Jin-Sung Park, MD*

Department of Orthopaedic Surgery, Armed Forces Daegu Hospital, Gyeongsan,

*Department of Orthopaedic Surgery, Gyeongsang National University Hospital, Gyeongsang National University School of Medicine, Jinju, Korea

Background: Open reduction and internal fixation using a volar locking plate has been increasingly performed for distal radius
fractures. Both conventional and minimally invasive plate osteosynthesis (MIPO) techniques are widely used to treat distal radius
fractures. However, it is unclear which of the techniques yields better outcomes after surgery for distal radius fractures. The pur-
pose of this meta-analysis was to compare the benefits of conventional and MIPQ techniques for distal radius fractures in terms of
clinical outcomes.

Methods: Medline, Embase, and the Cochrane Central Register of Controlled Trials electronic databases were searched for ar-
ticles comparing the outcomes of the conventional and MIPO techniques and published up until July 2017. Data search, extraction,
analysis, and quality assessment were performed based on the Cochrane Collaboration guidelines. Clinical outcomes were evalu-
ated using various outcome measures.

Results: Four clinical studies were included in the analysis. No significant clinical differences were found between the techniques
in clinical hand scoring, grip strength, and range of motion. However, patient satisfaction after surgery was significantly higher in
the MIPO group than that in the conventional group (standard mean difference, —0.54; 95% confidence interval [CI], —0.79 to —0.29;
"= 0%). Furthermore, although there were no significant differences in volar tilt and ulnar variance between the two groups, radial
inclination revealed a significant difference between the two groups (radial inclination: weighted mean difference, 1.20; 95% Cl,
0.25t0 2.15; I = 19%).

Conclusions: Both conventional and MIPQ techniques were effective for patients with distal radius fractures. Despite limited high
quality evidence to compare osteosynthesis with a volar locking plate via the conventional and MIPO techniques, the present study

showed that the MIPO technique was associated with more favorable patient satisfaction.

Keywords: Radius fractures, Fracture fixation, Minimally invasive surgical procedures, Treatment outcome

Distal radius fractures are one of the most common in-
juries of the upper extremity, with an incidence of two
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fractures per 1,000 person—years.l’z) Distal radius fractures
are mainly associated with osteoporosis in elderly patients,
and several studies reported satisfactory recovery after
conservative treatment.” However, unlike elderly patients,
young patients who have normal bone quality suffer com-
minuted fractures or terribly displaced fractures as a result
of high-energy trauma. Therefore, surgical treatment of
distal radius fractures is commonly required in young pa-
tients.

There are various surgical techniques for distal
radius fractures including percutaneous Kirschner wire
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pinning, screw fixation, external fixation, and internal
fixation using a plate.”” Of those, open reduction and in-
ternal fixation (ORIF) using a volar locking plate, allowing
for anatomic reduction of the fractured distal radius bone,
has been closely associated with better clinical outcomes
and functional recovery."”'” Wright et al."” and Williksen
et al." reported that ORIF with a volar locking plate for
distal radius fractures yielded better functional and radio-
logical recovery. On the other hand, abnormal reduction
of the fractured bone in the wrist joint has been shown to
decrease grip strength and range of motion (ROM) and
cause pain, instability, and impingement syndrome.'**”
Despite such benefits, the conventional ORIF with
a volar locking plate has some limitations: it requires an
incision of the pronator quadratus muscle and detach-
ment of the periosteum of the fractured area.”*” Several
authors reported complications of the conventional tech-
nique related to meticulous soft tissue handling during the
procedure. Armangil et al.*” reported the loss of pronation
strength and pronator durability. Furthermore, Matullo
and Dennison™ suggested that extensive soft tissue strip-
ping over the bone may cause devascularization of the
fracture fragments, resulting in delayed healing. Currently,
biological approaches devised to prevent these complica-
tions, such as minimally invasive plate osteosynthesis
(MIPO) with limited dissection, are receiving increasing
attention.”” The main advantages of MIPO include less
damage to the soft tissue and preservation of periosteal
circulation in the fractured bone. By preserving soft tissue
and vascularity, surgeons can expect faster healing and
better clinical outcomes; however, clinical implications of
these theoretical benefits have been rarely demonstrated
in clinical trials. Previous studies reported the comparative
results of the two techniques among only a small number
of subjects. Furthermore, there has been no previously
reported meta-analysis yet. Therefore, the purpose of the
present study was to review published studies comparing
the clinical results of the two techniques for volar locking
plate fixation of distal radius fractures. We conducted a
meta-analysis of the efficacy of the conventional versus
MIPO technique for distal radius fractures. Our hypoth-
esis was that the two techniques would be equally effective,
showing no significant difference in clinical outcomes.

METHODS

Study Selection

We used multiple comprehensive databases to search stud-
ies comparing clinical outcomes of patients who achieved
osteosynthesis using the conventional or MIPO technique.

This study was based on the Cochrane Review Methods,
and reporting was in accordance with the preferred re-
porting items for systematic reviews and meta-analyses
(PRISMA) statement. To identify relevant studies, we used
the controlled vocabulary and free text words described
in Appendix 1 to search in Medline, Embase, and the Co-
chrane Central Register of Controlled Trials databases. We
identified all relevant studies regardless of language, pub-
lication type (articles, posters, conference articles, instruc-
tional course lectures, etc.), journal title, and publication
year. This search was updated in July 2017 and included
reference lists of studies and any review articles identi-
fied. The reference lists of the investigated studies were
scrutinized to identify possible additional publications not
found in electronic or manual search. Unpublished data
were not included in this study because of the risk of bias.

Eligibility Criteria

Studies were included in our study if the patients were
treated with plate osteosynthesis using conventional or
MIPO technique for distal radius fractures and if the stud-
ies compared clinical outcomes of patients with distal radi-
us fractures. Only comparative studies are included in this
study. However, studies that used percutaneous fixation
or recommended conservative treatment were excluded.
In addition, noncomparative studies (no comparison of
the effect of surgical techniques), single-arm studies only
describing conventional or MIPO technique, animal or in
vitro studies were not included in the present study.

Data Collection and Analysis

Initially, two authors independently assessed the titles
or abstracts of studies identified by the search strategy;
subsequently, full papers were assessed for final inclusion.
Uncertainty about study inclusion was resolved through
discussion and consensus. Eligible data were independent-
ly extracted onto predefined forms devised by the authors
and evaluated for accuracy. The collected information
included study characteristics (author information, jour-
nal title, study design, level of evidence, and publication
year), patient demographics (sex, age, number of subjects
for each surgical technique [conventional or MIPO], and
follow-up period) (Table 1). Clinical outcome measures
included Disabilities of the Arm, Shoulder and Hand
(DASH) score or Mayo score, patient satisfaction, grip
strength (in percentage compared to the contralateral side)
and ROM. Radiological outcome measured included volar
tilt, radial inclination, and ulnar variance at final follow-up
(Table 2). Data reported as the number or mean and stan-
dard deviation (SD) were compared between two groups
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divided according to the surgical technique.

Assessment of Methodological Quality

Two investigators independently assessed the method-
ological quality of each study using the Coleman meth-
odology score,” a 10-criteria scoring system with a
tinal score ranging from 0 to 100. A perfect score of 100
indicates a study design that largely avoids the influence
of chance, various biases, and confounding factors. Each
author scored the methodological quality of the studies
twice, with a 10-day interval between assessments. Any
disagreement between the authors was resolved through
discussion or review by a third investigator. We did not
test publication bias using the funnel plot of the studies
involved in this meta-analysis because the number of in-
cluded studies was < 10 in each field of research.

Clinical outcome

patient’s satisfaction

DASH score, pain VAS, grip strength, ROM, complications,
satisfaction

DASH score, pain VAS, grip strength, ROM, patient’s

Mayo score, patient’s satisfaction
DASH score, grip strength, ROM

Statistical Analysis

The main purpose of this review was to evaluate the
clinical outcomes of patients with distal radius fractures
after plate osteosynthesis using conventional or MIPO
technique. Clinical outcomes in included studies were
based mainly on DASH and Mayo scores, patient satis-
faction, grip strength, ROM, and radiological outcomes
(volar tilt, radial inclination, and ulnar variance) at final
follow-up. To evaluate clinical outcomes, we calculated the
mean * SD of each result of the conventional and MIPO
techniques and analyzed the differences in the outcome
parameters between the groups. Review Manager ver. 5.3
(The Cochrane Collaboration, Oxford, UK) was used to
estimate the overall pooled effect size for each outcome. A
meta-analysis of the included studies was carried out using
a random-effects model. For continuous outcomes, we cal-
culated the weighted mean difference (WMD) or standard
mean difference (SMD) with 95% confidence interval (CI)
using the inverse variance method. Statistical heterogene-
ity among the studies was assessed using the I-square (I)
statistic, with values of 25%, 50%, and 75% considered low,
moderate, and high, respectively, and Cochran’s Q statistic
(chi-square test) was used to assess heterogeneity. A p-
value < 0.10 was defined as a significant degree of hetero-
geneity.

Follow-up
time (mo)
C,239+99;
M, 21.0+7.3
C,140+27;
M, 144+24
3
+
C,279+40;
M, 27.8 + 3.1

Sex
(male:female)
C, 9:27; M, 10:20
C,7:6; M, 7:14
C,7:9;: M, 9:6
C, 46:28; M, 49:34

5.3

9.3;
C, 41 (22-65);

1

Age (yr)
M, 487 + 145
+

M, 55.7 + 1
M, 42 (18-67)

M, 62.1 £ 15.6
C 69.1

C.64.7+178;
C. 452+ 16.0;

Sample size
C. 36; M, 30
C. 13, M, 21
C.16;M,15
C.74; M, 83

Level of
evidence
I
Il
I
I

RESULTS

Identification of Studies

A total of 4,684 relevant articles were initially identified.
Of these, 614 were duplicated in the databases. After
screening the remaining 4,070 articles using titles and
abstracts, all but 14 were excluded because they were not

RCS
RCS
RCS
RCT

Study
design

Study

RCS: retrospective cohort study, RCT: randomized controlled trial, C: conventional technique, M (MIPQ): minimally invasive plate osteosynthesis technique, DASH: Disabilities of the Arm, Shoulder and

Values are presented as mean + standard deviation or mean (range).
Hand, VAS: visual analog scale, ROM: range of motion.
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relevant to the purpose of the present study. A full-text re-
view of the 14 articles resulted in exclusion of four articles
because they lacked vital data. Finally, four studies were
included for data extraction and meta-analysis (Fig. 1).”*"*”
As this study was a literature review, ethical approval was
not obtained and the informed consent was waived.

Quality of the Included Studies

In order to evaluate the methodological quality of the
studies included in our analysis, we used the modified
Coleman methodology score. The mean modified Cole-
man methodology score of the included studies was 71.3
+ 12.1 (range, 58 to 87). The mean Coleman methodology
score for each criterion is listed in Table 3.

Clinical Outcomes

Clinical score

Four studies™”?” reported clinical scores (such as DASH
and Mayo scores) at the final follow-up of 139 subjects
in the conventional group and 149 subjects in the MIPO
group. There were no significant differences in clinical
scores between the conventional and MIPO groups (SMD,
0.20; 95% CI, -0.03 to 0.43; I = 0%) as shown in Fig. 2A.

Patient satisfaction

Three studies™”*” reported patient satisfaction at final
follow-up (123 subjects in the conventional group and 134
subjects in the MIPO group). There were significant dif-
ferences in patient satisfaction between the conventional
and MIPO groups (SMD, -0.54; 95% CI, -0.79 to -0.29; I’
= 0%). Patient satisfaction was significantly greater in the
MIPO group than in the conventional group (Fig. 2B).

4,684 Total of records identified through database
searching 2,740 Medline,
1,726 Embase, 218 Cochrane

v

| 4,070 Records after duplicates removed |

v

Grip strength

Three studies ' reported grip strength at final follow-
up (126 subjects in the conventional group and 128
subjects in the MIPO group). There were no significant
differences in grip strength between the conventional and
MIPO groups (SMD, -0.06; 95% CI, -0.37 to 0.24; I’ =
24%) (Fig. 2C).

23,28,29

Table 3. Overall Coleman Methodology Score for Each Criterion

Criteria (maximum score) Mean + SD (range)

Part A
1. Study size (10) 7.0+3.0(4-10)
2. Mean follow-up (5) 2.3+1.8(0-5)
3. Number of procedures (10) 10.0+0(10)
4. Type of study (15) 3.8+6.5(0-15)
5. Diagnostic certainty (5) 50+0(5)
6. Surgery description (5) 50+0(h)
7. Rehabilitation description (10) 5.0+5.0(0-10)
Part B
1. Outcome criteria (10) 10.0+0(10)
2. Procedure for outcomes (15) 12.0+0(12)
3. Selection process (15) 11.3 £6.5(0-15)

Coleman methodology score (100) 71.3+12.1(58-87)

SD: standard deviation.

| 4,070 Records screened

—

4,056 Records excluded

v

| 14 Full-text articles assessed for eligibility

l_,

10 Full-text articles excluded

with reasons

v

4 Studies included in quantitative and qualitative analysis
(systematic review and meta-analysis)

Fig. 1. Preferred reporting items for systematic
reviews and meta-analysis (PRISMA) flow
diagram.
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A
Conventional MIPO Std. Mean difference Std. Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Chen et al. 2015 939 58 13 95 59 21 11.3% -0.18 [-0.88, 0.51] —
Pire et al. 2017 317 21 16 229 19 15 10.7% 0.43[-0.29, 1.14] —
Zenke et al. 2011 56 6.3 36 42 6.8 30 23.0% 0.21[-0.27, 0.70] —
Zhang et al. 2017 42 35 74 34 35 83 55.0% 0.23 [-0.09, 0.54] -+—i—
Total (95% CI) ) ) 139 14!2) 100.0% 0.20 [-0.03, 0.43] <o
Heterogeneity: Tau” = 0.00; Chi” = 1.59, df = 3 (p = 0.66); I’ = 0% f f f |
Test for overall effect: Z = 1.67 (p = 0.09) -2 -1 0 1 2
Conventional MIPO
B
Conventional MIPO Std. Mean difference Std. Mean difference
Study or Subgroup ~ Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Chen et al. 2015 86 09 13 93 07 21 11.9% -0.88 [-1.60, —-0.15]
Zenke et al. 2011 39 09 36 43 07 30 26.0% -0.48[-0.98, 0.01] ——
Zhang et al. 2017 72 45 74 88 13 83 621% -0.49[-0.81, -0.17] -
Total (95% Cl) ) ) 123 134 100.0% -0.54 [-0.79, -0.29] <P
Heterogeneity: Tau™ = 0.00; Chi” = 0.95, df =2 (p = 0.62); I’ = 0% } t t |
Test for overall effect: Z =4.19 (p < 0.0001) -2 -1 0 1 2
Conventional MIPO
Cc
Conventional MIPO Std. Mean difference Std. Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Pire et al. 2017 694 178 16 653 224 15 16.2% 0.20 [-0.51, 0.90] —_—
Zenke et al. 2011 962 14 36 942 128 30 30.0% 0.15[-0.34, 0.63] —T—
Zhang et al. 2017 952 44 74 962 33 83 53.8% -0.26 [-0.57, 0.06] ——
Total (95% Cl) ) ) 126 128 100.0% -0.06 [-0.37, 0.24] ?
Heterogeneity: Tau™ = 0.02; Chi" = 2.65, df =2 (p = 0.27); I’ = 24% } t { t |
Test for overall effect: Z = 0.40 (p = 0.69) -2 -1 0 1 2
Conventional MIPO

Fig. 2. Forest plots showing standard mean differences in clinical outcomes of conventional osteosynthesis and minimally invasive plate osteosynthesis
(MIPQ). (A) Clinical score. (B) Patient satisfaction. (C) Grip strength. SD: standard deviation, Std: standard, IV: inverse variance, Cl: confidence interval,

df: degrees of freedom.

Range of motion

Three studies™”**” reported ROM after surgery at final
follow-up in the conventional and MIPO groups (126
subjects in the conventional group and 128 subjects in
the MIPO group). Four parameters of ROM such as flex-
ion, extension, supination, and pronation were evaluated.
There were no significant differences in each ROM be-
tween the conventional and MIPO groups (flexion: SMD,
-0.00; 95% CI, -0.25 to 0.25; I = 0%; extension: SMD,
-0.04; 95% CI, -0.29 to 0.21; I’ = 0%; supination: SMD,
-0.02; 95% CI, -0.27 to 0.22; I* = 0%; and pronation: SMD,
~0.39; 95% CI, —0.77 to 0.00; I = 49%) (Fig. 3).

Radiological Outcomes

Volar tilt, radial inclination, and ulnar variance
Four studies™”” reported the radiological outcome at
final follow-up in the conventional and MIPO groups (139

subjects in the conventional group and 149 subjects in the

MIPO group). Three parameters of radiological outcome
such as volar tilt, radial inclination, and ulnar variance
were evaluated. Among them, radial inclination revealed
a significant difference between the two groups (WMD,
1.20; 95% CI, 0.25 to 2.15; I’ = 19%). However, there were
no significant differences in volar tilt and ulnar variance
between the conventional and MIPO groups (volar tilt:
WMD, 0.72; 95% CI, -0.99 to 2.44; I' = 61%; ulnar vari-
ance: WMD, -0.14; 95% CI, -0.46 to 0.17; I* = 0%) (Fig. 4).

DISCUSSION

In the present study, we assessed evidence from clini-
cal studies that evaluated the outcomes of osteosynthesis
using volar locking plates in patients with distal radius
fractures, and we compared the effects of the conventional
and MIPO techniques. Although there were no significant
differences in clinical scores, grip strength, ROM, and ra-
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A
Conventional MIPO Std. Mean difference Std. Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Pire et al. 2017 829 16.7 16 829 145 15 12.2% 0.00[-0.70, 0.70]
Zenke et al. 2011 86 6.7 36 865 6.7 30 25.9% -0.07 [-0.56, 0.41] _——
Zhang et al. 2017 732 126 74 728 14.7 83 61.9% 0.03[-0.28, 0.34]
Total (95% Cl) ) ) 126 1282 100.0% -0.00 [-0.25, 0.25]
Heterogeneity: Tau” = 0.00; Chi" = 0.12,df =2 (p = 0.94); I’ = 0% | : | : |
Test for overall effect: Z = 0.01 (p = 0.99) -1 -05 0 05 1
Conventional MIPO
B
Conventional MIPO Std. Mean difference Std. Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Pire et al. 2017 819 196 16 819 214 15 12.3% 0.00[-0.70, 0.70]
Zenke et al. 2011 683 56 36 672 6.7 30 25.8% 0.18 [-0.31, 0.66] — T
Zhang et al. 2017 657 134 74 673 9.6 83 61.9% -0.14 [-0.45, 0.18] R
Total (95% Cl) 125 128 100.0% -0.04 [-0.29, 0.21] ’
Heterogeneity: Tau’= 0.00; Chi’ = 1.16, df = 2 (p =0.56); ’= 0% | : . : |
Test for overall effect: Z = 0.31 (p = 0.75) -1 -05 0 05 1
Conventional MIPO
(o
Conventional MIPO Std. Mean difference Std. Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Pire et al. 2017 899 133 16 811 259 15 12.0% 0.42[-0.29, 1.13] >
Zenke et al. 2011 882 57 36 886 43 30 26.0% -0.08 [-0.56, 0.41] —_—
Zhang et al. 2017 839 125 74 849 108 83 62.1% -0.09[-0.40, 0.23] ——
Total (95% Cl) ) ) 126 1282 100.0% -0.02 [-0.27, 0.22] ?
Heterogeneity: Tau™ = 0.00; Chi" = 1.69, df =2 (p = 0.43); I’ = 0% | : | : |
Test for overall effect: Z=0.18 (p = 0.86) -1 -05 0 05 1
Conventional MIPO
D
Conventional MIPO Std. Mean difference Std. Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Pire et al. 2017 906 139 16 959 89 15 20.5% -0.44[-1.15,0.27] < I
Zenke et al. 2011 888 34 36 889 32 30 33.0% -0.03[-0.51, 0.45]
Zhang et al. 2017 748 131 74 826 122 83 46.5% -0.61[-0.94,-0.29] ———
Total (95% Cl) ) ) 126 1282 100.0% -0.39[-0.77, 0.00] ——
Heterogeneity: Tau™ = 0.06; Chi” = 3.89, df =2 (p = 0.14); "= 49% | : | : |
Test for overall effect: Z=1.95 (p = 0.05) -1 -05 0 05 1
Conventional MIPO

Fig. 3. Forest plots showing standard mean differences in the ranges of motions at final follow-up of conventional osteosynthesis and minimally
invasive plate osteosynthesis (MIPQ). (A) Flexion. (B) Extension. (C) Supination. (D) Pronation. SD: standard deviation, Std: standard, IV: inverse variance,

Cl: confidence interval, df: degrees of freedom.

diological parameters such as volar tilt and ulnar variance,
the MIPO technique was associated with more favorable
patient satisfaction in the present study. Our hypothesis
was supported by this meta-analysis: the two techniques
were both equally effective and not significantly different
in clinical outcome measures. In addition, the MIPO tech-
nique yielded more favorable patient satisfaction.

Based on the outcomes of the present study, it re-
mains unclear which technique is superior in terms of
clinical outcomes and grip strength. Conventional tech-

niques were widely used for distal radius fractures. How-
ever, they often require meticulous soft tissue stripping
such as pronator quadratus dissection and result in peri-
osteal injury and may be associated with delayed union,
nonunion, or high rates of postoperative infection.*”" To
minimize soft tissue injury and damage to the vascularity
of the bone, the pronator quadratus-sparing MIPO tech-
nique was suggested by several authors.”** By preserving
the pronator quadratus muscle, the authors expected some
advantages such as reduced blood loss and scarring, de-
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A

Conventional MIPO Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Chen et al. 2015 103 34 13 99 39 21 233% 0.40 [-2.09, 2.89] —
Pire et al. 2017 52 84 16 55 73 15 7.9% -0.30[-5.83, 5.23]
Zenke et al. 2011 122 42 36 94 42 30 27.8% 2.80[0.77, 4.83] —
Zhang et al. 2017 113 27 74 116 28 83 41.0% -0.30[-1.16, 0.56]
Total (95% Cl) ) ) 139 14$2) 100.0% 0.72 [-0.99, 2.44]
Heterogeneity: Tau” = 1.68; Chi” = 7.62, df = 3 (p = 0.05); I'= 61% f f f f {
Test for overall effect: Z = 0.83 (p = 0.41) -10 -5 0 5 10

Conventional MIPO

B

Conventional MIPO Mean difference Mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI
Chen et al. 2015 22 32 13 224 32 21 16.1% -0.40[-2.61, 1.81] —
Pire et al. 2017 218 5.1 16 191 76 15 4.1% 2.70[-1.89, 7.29] —
Zenke et al. 2011 25.9 3 36 24 22 30 39.2% 1.90 [0.64, 3.16] ——
Zhang et al. 2017 226 29 74 216 48 83 40.6% 1.00 [-0.23, 2.23] + —
Total (95% CI) ) ) 139 14S23 100.0% 1.20 [0.25, 2.15] <o
Heterogeneity: Tau” = 0.19; Chi” = 3.70, df = 3 (p = 0.30); I'= 19% f f f {
Test for overall effect: Z =2.47 (p = 0.01) -10 -5 0 5 10

Conventional MIPO

C

Conventional MIPO Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% ClI
Chen et al. 2015 02 16 13 03 13 21 9.6% -0.10[-1.13, 0.93] ——
Pire et al. 2017 -11 18 16 -09 32 15 3.0% -0.20 [-2.04, 1.64] —_—t
Zenke et al. 2011 06 15 36 1.1 1.1 30 25.8% -0.50[-1.13,0.13] ——
Zhang et al. 2017 1 12 74 1 14 83 61.6% 0.00[-0.41, 0.41]
Total (95% Cl) 139 149 100.0% -0.14[-0.46, 0.17]

1 1 1
T

Heterogeneity: Tau’ = 0.00; Chi’ = 1.72, df = 3 (p = 0.63); I’= 0%
Test for overall effect: Z = 0.897 (p = 0.37)

Conventional MIPO

Fig. 4. Forest plots showing mean differences in radiological parameters at final follow-up of conventional and minimally invasive plate osteosynthesis
(MIPO). (A) Volar tilt. (B) Radial inclination. (C) Ulnar variance. SD: standard deviation, IV: inverse variance, Cl: confidence interval, df: degrees of

freedom.

creased stiffness, and a lower risk of attritional rupture of
postoperative flexor tendon, because the pronator quadra-
tus muscle acts as a protective layer."***” Grip strength of
the patients was expected to be preserved as well. Despite
the theoretical evidence, comparative studies analyzing the
two techniques revealed no significant differences and our
meta-analysis also showed no significance on comparison
of the two groups. This discrepancy might be attributed to
the small number of patients, different ages of the patients,
and different follow-up times. Therefore, the findings of
the present study should be interpreted with great caution;
the data were extracted from heterogenous studies. In
the future, to overcome the impact of these confounders,
larger-scale randomized prospective studies that control
for these independent factors need to be encouraged.
Unlike clinical outcomes and postoperative grip
strength, there was significant difference in patient satis-
faction between the groups, which may be associated with

the small skin incision and minimal soft tissue dissection.
Conventional approach entails a large longitudinal skin
incision and wide dissection, which can cause tendon
rupture, median nerve injury, cosmetic defects associated
with a large scar, soft tissue adhesion, and longer operation
time.””” Conversely, the MIPO technique only requires
a small skin incision and minimal dissection and is as-
sociated with various advantages such as preservation of
periosteal blood supply, better bone union, lower infection
rates, easier fracture reduction by ligamentotaxis, better
aesthetic outcomes, and short operation time.”>*"***"*
Although the association between these various risk fac-
tors and clinical outcomes has not been fully established
due to insufficient data, we assumed that the major reason
underlying higher patient satisfaction in the MIPO group
was closely associated with cosmetic benefit and short op-
eration time. Our meta-analysis results are consistent with
those of previous studies, which also found a higher level
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of patient satisfaction with the MIPO technique for distal
radius fractures.””” The functional outcomes of MIPO
were comparable to those of the conventional technique;
therefore, the procedure can be recommended for patients
with appropriate indications.

In terms of radiological parameters, our study re-
vealed no significant differences in volar tilt or ulnar vari-
ance between the conventional and MIPO groups. Avail-
able surgical techniques are different according to the use
of the conventional or MIPO approach, which increases
the risk of bias. For instance, the leverage technique, which
is widely used to obtain more acceptable radiological re-
sults in terms of volar tilt, can only be applied to the con-
ventional technique because of the small incision in the
MIPO technique. Although the exact frequency of the use
of leverage technique was not identified due to insufficient
data, there was no significant difference in volar tilt be-
tween both techniques and its clinical implication remains
unclear. However, radial inclination showed a significant
difference between the two groups: the mean difference
was 1.2° between groups. Previous studies demonstrated
the importance of anatomic reduction of distal radius
fractures in terms of functional recovery."”*****” Porter
and Stockley™ reported that poorly reduced fractures
(> 20° of dorsal angulation and/or < 10° of radial inclina-
tion) had worse outcomes with lower grip strength. Mann
et al."” and Altissimi et al."” suggested that residual ulnar
positive variance greater than 5 mm was associated with
poor clinical outcomes. In addition, loss of radial height or
radial inclination is related to shifts in the center of rota-
tion during pronation and supination, as well as increased
strain on the triangular fibrocartilage complex up to
13%."** However, despite the mean difference in radial
inclination between the groups, all the other radiological
parameters such as volar tilt, radial inclination, and ulnar
variance were within the acceptable range, suggesting that
both the conventional and MIPO techniques are effective
in restoring the anatomy of the fractured radius, and the
little radiological difference between the two techniques
did not affect the clinical outcomes.

The included clinical studies evaluated the out-
comes of osteosynthesis with a volar locking plate using
the conventional versus MIPO techniques for distal radius
fractures. Based on Coleman scales for assessment of the
methodological quality, major methodological deficien-
cies persisted with regard to the study size and type of
study. Theoretically, large-scale prospective studies pro-
vide rigorous control of potentially confounding factors.
In the future, further prospective studies are warranted to
address the methodological limitations. However, one of

the strengths of this study is that screening and data ex-
traction were carried out by two independent. Consider-
ing that studies comparing these two techniques for distal
radius fractures are rare, the significance of this study can
also be found in the fact that it provides valuable evidence
supporting the use of MIPO with a volar locking plate in
patients with distal radius fractures.

Despite its strengths, our study has a few limita-
tions. First, this meta-analysis mainly included retrospec-
tive studies and only one randomized controlled trial was
included for each technique. This was because only a few
prospective original studies with a low risk of bias had
been published previously. Second, the methodologies of
the included studies were somewhat different from each
other, suggesting the presence of heterogeneity. Various
factors such as patients’ characteristics, follow-up period,
different scoring systems for evaluation, and the type of
plate need to be controlled, because these factors may af-
fect the postoperative results. Third, the characteristics
of distal radius fractures were not fully considered. The
minimally invasive technique in patients with distal radius
fractures should be applied with more strict indications.
The studies included in the meta-analysis described that
extensive metadiaphyseal fractures of the distal radius is
a proper indication for the MIPO technique. Thus, the
results of the present study cannot be applied to all types
of distal radius fractures but to limited fracture patterns.
Furthermore, Chen et al.”” suggested that anatomical re-
duction of the articular surface is critical for treatment of
intra-articular fractures; therefore, the MIPO technique
is not recommended for this type of fracture. In the four
included studies, characteristics of distal radius fractures
were not classified strictly, which needs to be addressed in
the future study. However, we only included comparative
studies performed under the same protocol to minimize
the risk of bias and compensate for heterogeneity and used
random effects model analysis according to the Cochrane
Guidelines. Furthermore, we used the SMD according to
the Cochrane Collaboration Handbook to compensate for
different scoring systems in each study. The SMD is used
as a summary statistic in meta-analyses of studies assessing
the same outcome in a variety of ways. To use the SMD, it
is necessary to standardize the results of the studies before
they can be combined. The SMD expresses the size of the
intervention effect in each study relative to the variability
observed in the study.*” In the future, large-scale random-
ized prospective studies that control for such independent
variables and directly compare the four surgical techniques
are needed.

In conclusion, based on our results, both the con-
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ventional and MIPO techniques were effective for patients
with distal radius fractures. Despite limited high-quality
evidence to compare osteosynthesis using a volar locking
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Medline

. “Distal radius”[tiab] OR “radius fracture”[tiab] OR “radius fractures”[tiab] OR “pronator quadratus”[tiab] , n=7050
. “Radius fractures”[Mesh] OR “Colles’ fracture’[Mesh] OR “Fracture dislocation’[Mesh] , n=9293

.1 OR 2,n=12886

. “Fracture fixation, Internal”’[Mesh] , n=37076

. “Close fracture reduction” [tiab] OR “open fracture reduction” [tiab] OR “Henry approach”[tiab] , n=95

. “Volar plate”’[Mesh] OR “Palmar plate’[Mesh] , n=689

.4 OR5OR 6,n=37318

8.3 AND 7, n=3040

9.8 NOT “review”[Publication Type] OR “review literature as topic’[MeSH Terms] , n=2740

NN U W =

Embase
1. ‘Radius fracture’/de OR ‘pronator quadratus’/exp OR ‘colles fracture’/exp, n=11033

. ‘Radius fracture’:ab,ti OR ‘colles fracture’:ab,ti OR ‘fracture dislocation’:ab,ti, n=4829
.1 OR 2, n=13697
. ‘Pronator sparing technique’/de OR ‘Henry approach’/exp, n=47
. ‘Fracture fixation:ab,ti OR ‘bone plate’:ab,ti OR ‘internal fixation’:ab,ti, n=20130
.Volar plate’:ab,ti OR “volar locking plate:ab,ti OR ‘palmar plate’:ab,ti, n=846

7. ‘Closed fracture reduction’:ab,ti OR ‘open fracture reduction’:ab,ti, n=58

8.4 OR 5 OR 6 OR, n=20885

9.3 AND 8,n=1911
10. 9 NOT (‘conference review'/it OR 'review'/it), n=1726

AN U1 W

Cochrane
1. “Radius fracture” OR “radius fractures” OR “pronator quadratus’:ti,ab,kw, n=910
2. MeSH descriptor: [Radius fractures] explode all trees, n=385
3.10R 2,n=938
4. MeSH descriptor: [Fracture fixation, Internal] explode all trees, n=1254
5. Pronator sparing technique' OR 'Henry approach':ti,abkw, n=13
6. ‘Fracture fixation’ OR ‘bone plate’ OR ‘internal fixation:ti,ab,kw, n=3431
7.4 OR 5 OR 6, n=3444
8.3 AND 7, n=405
9. 11 8/trials, n=397

Appendix 1. Electronic search strategy on each database.





