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Abstract

Distal radius fractures (DRFs) are among the most common fractures of the upper extremity, and
management remains controversial. Both volar locking plate (VLP) and external fixation (EF) are widely
used. We aim to compare functional, radiographic, and safety outcomes between VLP and EF in the
treatment of DRFs to guide evidence-based management. We systematically searched PubMed, Scopus, Web
of Science, and Embase through October 2025 for English-language RCTs comparing VLPs versus EFs in
adults with DRFs. Quality assessment was performed using the Cochrane Risk of Bias tool (version 2). Meta-
analysis was conducted using RevMan 5.4. Heterogeneity was assessed using I? statistics, and random-
effects models were applied when I? exceeded 50%. Nine randomized controlled trials (RCTs) involving 1,023
patients were included. VLP showed better early functional recovery, with significantly lower Disabilities of
the Arm, Shoulder, and Hand (DASH) scores at month 1 (mean difference (MD) = -7.94, p = 0.009) and month
6 (MD = -4.26, p = 0.010). Grip strength favored VLP at 3 months (MD = 5.35, p = 0.002), 6 months (MD =
5.30, p = 0.002), and 1 year (MD = 2.96, p = 0.005). Wrist range of motion (ROM) also favored VLP across all
time points, with improvements in MD of 4.18 degrees over 3 months and 2.73 degrees over 12 months.
Radiographic evaluation indicated that VLP achieved greater volar tilt (MD = 1.84, p = 0.02), whereas EF
resulted in better ulnar deviation (MD = -0.82, p = 0.001). VLP had a significantly higher risk of reoperation
(RR =2.51, p<0.0001). VLP fixation provides earlier functional recovery and better wrist mobility than EF in
the management of DRFs. EF, however, is associated with a lower overall risk of reoperation. Although long-
term functional outcomes and radiographic parameters are comparable between the two techniques, VLP
offers clear short-term advantages, supporting its use when early functional restoration is a priority.

Categories: General Surgery, Trauma, Orthopedics
Keywords: dynamic external fixation, fracture of distal radius, pain management, randomized trials, systematic
review and meta analysis, volar locking plate

Introduction And Background

Distal radius fractures (DRFs) are the most prevalent fractures in the upper extremity, accounting for 25% of
pediatric and up to 18% of elderly fractures. Although most frequently in children and older adults, they also
significantly affect young adults [1,2]. The management of DRFs remains controversial, with treatment
options ranging from non-operative approaches to various forms of external and internal fixation [3]. Proper
anatomical alignhment during fixation is essential to restore function and optimize outcomes. However,
malunion can occur, potentially leading to post-traumatic osteoarthritis and long-term functional
impairment [4].

While stable DRFs can be treated non-operatively with acceptable outcomes [5], a substantial proportion of
patients with unstable DRFs still require surgical intervention for proper alignment [6]. Among surgical
options, external fixation (EF) has been traditionally used, but volar locking plate (VLP) fixation has gained
increasing popularity in recent years [7]. The volar approach offers stable fixation while minimizing the risk
of dorsal extensor tendon injury. Nevertheless, complications associated with VLP fixation remain a

concern [8]. A 2023 systematic review by Chinemerem Nwosu et al. reported an overall complication rate of
approximately 30%. The median nerve-related issues (7.1%) and hardware removal (6.8%) were the most
frequently reported. Additionally, tenosynovitis represented the most common tendon-related complication,
occurring in 3.4% of cases [9].

The current evidence is limited, as the Cochrane Collaboration reported that the best treatment approach for
DRFs remains controversial [10]. As a result of this debate, we aim to compare VLPs and EFs with respect to

How to cite this article
Zahed M, EImesalmi M, El Menawy Z, et al. (January 04, 2026) Volar Locking Plate Versus External Fixation for Distal Radius Fractures: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials. Cureus 18(1): e100789. DOI 10.7759/cureus.100789


https://cureus.com/users/897546-mohamed-zahed
https://cureus.com/users/877650-mahmoud-elmesalmi
https://cureus.com/users/366999-ziad-el-menawy
https://cureus.com/users/1110023-nour-elnaggar-
https://cureus.com/users/1179910-farouk-ahmed
https://cureus.com/users/1110020-mahmoud-odeh
https://cureus.com/users/1180345-rawad-azaz
https://cureus.com/users/1110009-sara-elbahnasawy
https://cureus.com/users/1191287-hussein-m-elgendy
https://cureus.com/users/599821-mohamed-hesham-gamal
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

functional outcomes, radiographic parameters, and complication rates in the management of DRFs to
support evidence-based treatment decisions.

Review
Methods

We performed this systematic review and meta-analysis following the Cochrane handbook and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [11,12].

Search Strategy

We systematically searched PubMed, Scopus, Web of Science, and Embase for relevant studies published up
to 25 October 2025. In our search strategy, we used the following terms: "Radius” OR "Radius Fractures” OR
"Wrist Fractures" and detailed search as: (distal radius OR distal radial OR smith) AND (fractur* OR break*
OR injury) ) AND ( "Bone Plates” OR "Internal Fixators" OR (volar OR palmar) AND (plate* OR ORIF) OR
"locking plate*" OR "locking compression plate*" OR LCP OR VLP OR "internal fixat*" ) AND ( "External
Fixators" OR "external fixat*" OR "dynamic external” OR "non-bridging" OR "bridging external" OR
"hoffmann II" OR "unilateral frame" ). The details of the complete search strategy are provided in Appendix
A.

Study Selection and Eligibility Criteria

We included only English-language randomized controlled trials (RCTs) that fulfilled the following eligibility
criteria: (1) population: Adults with DRFs, (2): intervention: Surgery using a volar locking plate (VLP)
(internal fixator on the palm side),(3) comparator: Surgery using an external fixator (a frame outside the
skin), and (4) outcomes: Primary outcomes: patient-reported hand and wrist function-secondary outcomes:
complication rate, range of motion (ROM), rate of secondary surgery, and radiographic alignment.

Data Extraction

Data were extracted using predesigned Excel sheets to collect information into two main categories: (1)
Study summary data, including the Study ID, country, sample size, intervention details, disease type, time
from injury to surgery, follow-up duration, and primary outcomes. (2) Baseline characteristics, including
Study ID, study groups (n), mean age (SD), sex distribution (male, n (%)), injury in the dominant hand (n
(%)), injury mechanism (high-energy, n (%)), AO fracture classification (C1, C2, and C3, n (%)), and the
number of cases that underwent closed reduction before surgery (n (%)).

Quality Assessment

The quality of the included RCTs was evaluated using Cochrane’s Risk of Bias Tool (version 2) [13]. Five
domains: randomization process (D1), deviations from intended interventions (D2), missing outcome data
(D3), measurement of outcomes (D4), and selection of reported results (D5). Each study was rated as low
risk, some concerns, or high risk of bias.

Data Analysis

Statistical analyses were conducted using RevMan version 5.4 with the significance level set at p < 0.05. For
continuous data, the mean difference (MD) and 95% confidence interval (CI) were calculated; for
dichotomous data, the risk ratio (RR) was calculated. Heterogeneity among studies was evaluated using both
the I? statistic and the chi-square test. Data were considered heterogeneous when the chi-square test yielded
a p-value < 0.1, and the 12 statistic was >50%. A fixed-effect model was employed for homogeneous data,
while a random-effects model was utilized in cases of significant heterogeneity.

Outcome Measures

Functional disability was assessed using the Disabilities of the Arm, Shoulder, and Hand (DASH) score or
Quick DASH (QuickDASH) questionnaire. The DASH is a 30-item validated instrument, while QuickDASH is
an abbreviated 11-item version; both generate scores from 0 to 100, with higher scores indicating greater
functional impairment and worse outcomes [14,15].

Pain intensity was measured using the visual analog scale (VAS), a standardized 10-cm scale ranging from 0
(no pain) to 10 (the worst imaginable pain). Lower scores indicate better pain control [16].

Wrist range of motion (ROM) was assessed using standard goniometry to measure four primary movements:
flexion, extension, pronation, and supination, reported in degrees. Greater ROM values indicate better
functional recovery [17].
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Grip strength was measured using a hand dynamometer, with values reported in kilograms or as a
percentage of the contralateral (uninjured) hand. Higher values indicate better functional recovery [18].

Radiographic parameters included volar tilt (normal: 11-12 degrees), radial inclination (normal: 22-23
degrees), ulnar deviation (standard: 0 to -1 mm), and radial shortening, measured in millimeters or degrees
on standard posteroanterior and lateral radiographs. Values closer to anatomical norms indicate better
fracture reduction and alignment [19].

Reoperation was defined as any unplanned secondary surgical procedure related to the initial fracture
treatment, including hardware removal for symptomatic implants, management of complications, or
revision surgery for malunion.

Results

Literature Search and Study Selection

Based on our search strategy, we identified 1,113 studies after removing 709 duplicates. Following title and
abstract screening, 139 studies were retained for full-text review. Of these, nine studies met the inclusion
criteria and were included in the final analysis (Figure 1) [20-28].

)
Records identified from:
§ Databases (n=1822) Records removed before
PubMed (n =719) screening:
é Web of Science (n = 57) > Duplicate records removed (n
€ Scopus (n = 589) =709)
° Embase (n = 457)
—/
)
Records screened N Records excluded
(n=1113) (n=974)
. }
£
:
Reports assessed for eligibility Reports excluded (n=130)
7] >
@ (n=139) Wrong Intervention (n= 27)
Inaccessible full text (n = 43)
Irrelevant outcome (n = 5)
Incompatible study design
(n=49)
—J Other language studies (n=6)
v
° Reports of included studies
°
2] (h=9)
)
£

FIGURE 1: PRISMA flow diagram

References: [20-28]

Baseline Characteristics

Baseline characteristics were generally well-balanced between groups across all studies. The mean patient
age ranged from 38.9 to 61 years. Male representation varied across studies, ranging from 10% to 58% of
participants. Injury to the dominant hand occurred in 37% to 55% of patients. High-energy trauma
mechanisms were documented in 12% to 58% of cases across four studies. Closed reduction prior to
definitive surgical fixation was performed in 84% to 100% of cases where reported. Full data are in Table 1.

Age, Sex Injury in the Injury Mechanism AO AO AO Closed reduction
Groups
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Study ID

Gupta et al.,
2025 [26]

Hammer et

al.,, 2019 [27]

Egol etal.,
2008 [28]

Roh et al.,
2015 [20]

Shukla et al.,
2014 [21]

Ludvigsen et
al., 2020
[22]

Wei et al.,
2009 [23]

Williksen et
al., 2013 [24]

Williksen et
al., 2015 [25]

(n)

External
Fixator

(o7)

Volar
Plating
(96)

External
Fixator

(82)

Volar
Plating
(84)

External
Fixator
(44)

Volar
Plating
(44)

External
Fixator
(38)

Volar
Plating
(36)

External
Fixator
(62)

Volar
Plating
(48)

External
Fixator

(81)

Volar
Plating
(75)

External
Fixator

(22)

Volar
Plating
(12)

External
Fixator

(59)

Volar
Plating
(52)

External
Fixator

(45)

Volar

Mean

(SD)

42 (10.2)

40 (12.1)

54 (12.4)

56 (10.5)

49.9
(Range
18-78)

522
(Range
19-87)

55.3
(11.2)

54.4
(10.9)

38.9
(13.1)

39.3
(13.1)

57
(Range
20-70)

56
(Range
20-70)

55 (16)

61(18)

54
(Range
20-84)

(Range
20-84)

(male),

NO. (%)

54 (56%)

56 (58%)

27 (33%)

25 (30%)

22 (50%)

19 (43%)

14
(36.8%)

16
(44.4%)

29 (47%)

20 (42%)

8 (10%)

8 (11%)

6 (27%)

3 (25%)

22 (20%)

(14.3%)

Dominant Hand,

NO. (%)

45 (46%)

50 (52%)

37 (45%)

39 (46%)

39 (89%)

39 (89%)

NR

NR

30 (37%)

38 (51%)

12 (55%)

6 (50%)

54 (48.6%)

43 (47.2%)
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(High-Energy), NO.

(%)

54 (56%)

56 (58%)

15 (18%)

10 (12%)

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

26 (23.4%)

22 (24.2%)

Classification

(C1), NO. (%)

25 (26%)

22 (23%)

3 (4%)

5 (6%)

Classification

(C2), NO. (%)

39 (40%)

38 (40%)

51 (62%)

49 (58%)

Total Type C: 26 (59%)

Total Type C: 17 (38%)

NR

NR

NA

NA

24 (63.2%)

21 (58.3%)

NR

NR

NA

NA

Intra-articular (class C): 12 (55%)

Intra-articular (class C): 9 (75%)

18 (34.6%)

30 (50.8%)

17 (37.0%)

18 (34.6%)

13 (22.0%)

16 (34.8%)

Classification

(C3), NO. (%)

33 (34%)

36 (37%)

28 (34%)

30 (36%)

14 (36.8%)

15 (41.7%)

NR

NR

NA

NA

1(1.9%)

2 (3.4%)

1(2.2%)

prior to surgery, NO.

(%)

97 (100%)

96 (100%)

76 (93%)

70 (84%)

44 (100%)

44 (100%)

NR

NR

NR

NR

NR

NR

NR

NR

52 (100%)

59 (100%)

46 (100%)
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Plating
(46)

23 (51.1%) 9 (20.0%)

TABLE 1: Baseline characteristics

References: [20-28]

(4.4%) 45 (100%)

NO: number; SD: standard deviation; NR: not reported; NA: not applicable; AO: Association for the Study of Internal Fixation

Study ID

Gupta et
al.,
2025 [26]

Hammer
etal,
2019 [27]

Egol et
al.,
2008 [28]

Roh et al.,
2015 [20]

Shukla et
al.,
2014 [21]

Protocol

Number

NR

NCT01062997

NR

NR

NR

Country

1
country
(India)

1
country

(Norway)

1
country
(USA)

1
country

(Korea)

1
country
(India)

Study Summary Characteristics

A total of nine RCTs were included, comprising 1,023 participants. The studies were conducted in India,
Norway, South Korea, and the United States, with sample sizes ranging from 46 to 202 patients per study.

Follow-up duration ranged from 1 year in six studies to 5 years in one study, with intermediate assessments
at 2 and 3 years in selected studies. Four studies focused exclusively on intra-articular fractures of AO-type

C, while five studies included both extra-articular and intra-articular fractures. Surgical intervention was
performed at a mean of 2.9 to 7 days post-injury, where reported. Full data are in Table 2.

Sample

Size

193

166

88

74

110

Intervention Details

External Fixation: Bridging external fixator (wrist
distractor) with supplemental K-wires. Internal Fixation:
Volar locking plate via modified Henry's approach with

provisional/adjuvant K-wires

External Fixation: Bridging external fixation (Hoffman
Compact T2) with 2-3 supplemental K-wires. Internal
Fixation: Volar locking plate (DVR; DePuy) via modified
Henry approach

External Fixation: Bridging external fixator (EBI or Stryker)
with two pins in the 2nd metacarpal and two in the radial
shaft, supplemented with percutaneous K-wires. Internal
Fixation: Locked pre-contoured volar plate (Hand

Innovations or Stryker) via Henry approach

External Fixation: Closed or limited open reduction with a
uniplanar bridging external fixator (Orthotech Multi-Fix)
and supplemental percutaneous K-wires (typically three
1.6-mm K-wires). Internal Fixation: Volar locking plate
(Synthes 2.4 LCP or Medartis Aptus Radius 2.5)

External Fixation: Bridging external fixator (Schanz pins in
the 2nd metacarpal and radius). Internal Fixation: Volar

locking plate

2026 Zahed et al. Cureus 18(1): e100789. DOI 10.7759/cureus.100789

Disease

Type

AO-type C2
and C3
distal radius
fractures
(intra-

articular)

AO-type C1,
C2,and C3
distal radius
fractures
(intra-

articular)

Unstable,
displaced
fractures of
the distal

radius

AO-type C1,
C2,and C3
distal radius
fractures
(intra-

articular)

Displaced
intra-
articular
distal radius
fracture
(Cooney’s

type IV)

Time

until
Follow-

Up

Duration

Surgery
(Days),
Mean
(SD)

External
Fixation:
4.5(4)
3 years
Internal
Fixation:

6 (4.7)

External
Fixation:
6.5 (4)
2 years
Internal
Fixation:

7(4.7)

NR 1 year

External
Fixation:
2.9 (1.5)
1 year
Internal
Fixation:

32(1.3)

NR 1 year

Primary

Outcomes

Quick
Disabilities of
the Arm,
Shoulder,
and Hand
(QuickDASH)
score and

Jakim’s score

Quick
Disabilities of
the Arm,
Shoulder,
and Hand
(QuickDASH)
score

Disabilities of
the Arm,
Shoulder,
and Hand
(DASH

score)

Disabilities of
the Arm,
Shoulder,
and Hand by
MHQ score

Disabilities of
the Arm,
Shoulder,
and Hand by
Green and

O'Brien score
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Ludvigsen
etal.,
2020 [22]

Wei et al.,
2009 [23]

Williksen
etal,
2013 [24]

Williksen
etal,
2015 [25]

NCT01904084 Norway

NR USA

NR Norway

NCT01278745 Norway

142

46

202

104

External Fixation: Hoffmann Compact T2 external fixator
(Stryker) using four “apex pins” (two in the radius, two in
the metacarpal). Internal Fixation: DVR volar locking plate
(DePuy). A dorsal splint was applied and removed within a

few days

External Fixation: Bridging external fixator (Hoffmann II
Compact) with use of intrafocal fracture pinning under
fluoroscopy and supplemental Kirschner wires. Internal
Fixation: Locked volar plate (EBI OptiLock). A volar splint

for comfort

External Fixation: Hoffman Il (Stryker) or Synthes distal
radius fixator. Pins: 2 in the second metacarpal, 2 in the
radius. Adjuvant Pins: 3 extrafocal 1.8-mm Steinmann
pins. Internal Fixation: Flexor carpi radialis. Plates:
Acumed Acu-Lok, Synthes 2.4 LCP, Hand Innovation

DVR. Post-op: Dorsal plaster orthosis for 2 weeks

External Fixation: Hoffman Il (Stryker) or Synthes distal
radius fixator. Pins: 2 in the second metacarpal, 2 in the
radius. Adjuvant Pins: 3 extrafocal 1.8-mm Steinmann
pins. Internal Fixation: Flexor carpi radialis. Plates:
Acumed Acu-Lok, Synthes 2.4 LCP, Hand Innovation

DVR. Post-op: Dorsal plaster orthosis for 2 weeks

TABLE 2: Summary of the included studies

References: [20-28]

Displaced

unstable

extra-

articular NR 1 year
distal radial

fracture

(OTA/AO-

type A3)

Unstable
distal radial
fracture
(OTA types
A3, C1, C2,
C3)

NR 1 year

Unstable
distal radius
fractures
(AO Types
A2, A3, C1,
C2,C3)

NR 1 year

Unstable
distal radius
fractures
(AO Types
A2, A3, C1,
C2,C3)

NR 5 years

Patient-
Rated
Wrist/Hand
Evaluation
(PRWHE)
score and
QuickDASH
score

Disabilities of
the Arm,
Shoulder,
and Hand
(DASH)
questionnaire
score

Disabilities of
the Arm,
Shoulder,
and Hand
QuickDASH

score

Disabilities of
the Arm,
Shoulder,
and Hand
QuickDASH

score

NR: Not Reported; K-wires: Kirschner wires; AO: Arbeitsgemeinschaft fiir Osteosynthesefragen (Association for the Study of Internal Fixation); NCT:

National Clinical Trial; USA: United States of America; DVR: dorsal volar radius; MHQ: Michigan Hand Outcomes Questionnaire; OTA: Orthopedic Trauma

Association; LCP: locking compression plate; QuickDASH: Quick Disabilities of the Arm, Shoulder and Hand; DASH: disabilities of the arm, shoulder and

hand; PRWHE: Patient-Rated Wrist/Hand Evaluation

The Quality of the Included Studies

Most of the included studies (five studies) showed a high risk of bias, mainly due to issues in Domain 4
(measurement of outcomes). This was the most common source of bias, likely resulting from the lack of
blinding among outcome assessors and the subjective nature of some measured outcomes (Figure 2).
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Risk of bias domains

0000000

000000000
000000000
000000000
ol Jolol 1oL 1

Domains: Judgement

D1: Bias arising from the randomization process. .

D2: Bias due to deviations from intended intervention. . High

D3: Bias due to missing outcome data. - Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. . Low

FIGURE 2: Risk of bias 2

References: [20-28]

Primary outcomes

Disabilities of the Arm, Shoulder, and Hand (DASH) Score

At three- and six-month post-treatment, patients managed with VLP demonstrated significantly better
DASH scores, with standard mean differences of -0.39 (95% CI: -0.67 to -0.11; p = 0.005; I? = 62%) and -0.26
(95% CI: -0.50 to -0.02; p = 0.03; I% = 0%), respectively. However, this significant advantage was not
maintained at longer follow-up intervals (1, 2, and 3 years). The overall pooled analysis indicated a
significant improvement in DASH scores in favor of VLP, with an SMD of -0.26 (95% CI: -0.42 to -0.10; p =
0.001). Notably, moderate heterogeneity was present (I2 = 55%) (Figure 3).

2026 Zahed et al. Cureus 18(1): €100789. DOI 10.7759/cureus.100789

7 of 16


https://assets.cureus.com/uploads/figure/file/1813339/lightbox_344f4ea0c26a11f08e3a874993c08abc-ROB2.png
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Volar locking plate External fixation Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
8.1.13months
Egol etal,, 2008 195 201 39 254 211 38 67% -0.28[-0.73,017] T
Gupta etal,, 2025 131 143 96 146 128 97 9.9% -0.11(0.39,017] -
Hammeretal, 2019 201 162 84 277 177 82  9.4% -0.45[-0.75,-0.14] —
Ludvigsen et al., 2020 114 138 75 167 19 a1 9.2% -0.32[-0.63, 0.00] e
Wei etal, 2009 7 5 12 29 18 22 31% -1.44 -2.24,-0.65]
Subtotal (95% CI) 306 320 38.4% -0.39[-0.67,-0.11] -
Heterogeneity: Tau*= 0.06; Chi*= 10.52, df= 4 (P = 0.03); F= 62%
Test for overall effect Z= 2.78 (P = 0.005)
8.1.2 6 months
Egol etal,, 2008 25 N7 39 326 238 38 67% -0.33(0.78,0.12] —
Hammeretal, 2019 136 133 84 163 185 82  9.4% -017-0.47,0.14] i
Wei etal, 2009 6 4 12 1 10 22 37% -0.58-1.30,0.14) o
Subtotal (95% CI) 135 142 19.8% -0.26 [-0.50, -0.02] L 2
Heterogeneity: Tau*= 0.00; Chi*=1.21, df= 2 (P = 0.55), F= 0%
Test for overall effect Z= 212 (P = 0.03)
8.1.4 1year
Egol etal,, 2008 13 309 39 172 337 38 67% -0.13[-0.58,0.32] s
Hammeretal, 2019 86 104 84 116 179 82 9.4% -0.20(0.51,0.10] N
Ludvigsen et al., 2020 38 6.9 [ 46 86 73 29% -0.09[-0.93,0.74] e —
Wei etal, 2009 4 5 12 18 14 22 33% -1.17 [11.93,-0.40]
Subtotal (95% CI) 141 215 22.4% -0.32[-0.70, 0.05] <>
Heterogeneity. Tau*= 0.07, Chi*= 6.04, df=3 (P=0.11), = 50%
Test for overall effect: Z=1.69 (P = 0.09)
8.1.5 2years
Hammeretal, 2019 76 129 84 81 14 82  95% -0.04-0.34,027] T
Subtotal (95% Cl) 84 82  9.5% -0.04 [-0.34,0.27] <>
Heterogeneity: Not applicable
Test for overall effect Z=0.24 (P=0.81)
8.1.6 3years
Gupta etal,, 2025 6.5 97 96 49 83 97 9.9% 0.18[0.11,0.46] T
Subtotal (95% CI) 96 97 9.9% 0.18[-0.11, 0.46] <
Heterogeneity: Not applicable
Test for overall effect Z=1.22 (P=0.22)
Total (95% CI) 762 856 100.0% -0.26 [-0.42,-0.10] <
Heterogeneity: Tau*= 0.05; Chi*= 28.63, df= 13 (P = 0.007); F= 55% t i T 1

Test for overall effect Z= 3.22 (P = 0.001)

-2 - 1 2
Favours [Volar locking plate] Favours [External fixation]
Test for subaroup differences: Chi*=10.14, df= 4 (P = 0.04), F= 60.6%

FIGURE 3: Disabilities of the Arm, Shoulder, and Hand (DASH) Score

References: [22,23,26-28].

Grip Strength

Three of the included studies reported this outcome. At three months, six months, and one-year post-
treatment, patients treated with VLP demonstrated significantly greater grip strength compared with those
treated with EF. The mean differences were 5.35 (95% CI: 1.89-8.82; p = 0.002; I? = 83%), 5.30 (95% CI: 1.97-
8.63; p =0.002), and 2.96 (95% CI: 0.91-5.01; p = 0.005; I? = 0%), respectively. However, analysis of grip
strength showed no significant difference at two- and three-years post-treatment, the mean differences
were 1.50 (95% CI: -1.94-4.94; p = 0.39) and -1.30 (95% CI: -4.14-1.54; p = 0.37), respectively. Overall, the
pooled analysis showed a significant improvement in grip strength favoring VLP, with an MD of 3.48 (95%
CI: 1.43-5.52; p = 0.0009; I? = 76%) (Figure 4).
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Volar locking plate External fixation Mean Difference

Mean Difference
IV, Random, 95% CI

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI
6.1.13 months

Gupta etal, 2025 265 73 96 244 8.1 97 14.0% 210[-0.08,4.28]
Hammer et al., 2019 207 109 84 135 81 82 124% 7.20(4.28,1012)
Ludvigsen et al., 2020 19 73 75 12 82 81 135% 7.00[4.57,9.43)

Subtotal (95% CI) 255 260 39.9% 5.35[1.89, 8.82]
Heterogeneity: Tau*= 7.74; Chi*= 11.61, df= 2 (P = 0.003); F= 83%
Testfor overall effect. Z= 3.03 (P = 0.002)

6.1.2 6 months
Hammer etal,, 2018 268 124 84 216 93 82 115% 5.30[1.97,8.63]
Subtotal (95% CI) 84 82  11.5% 5.30[1.97, 8.63]

Heterogeneity: Not applicable
Test for overall effect Z=3.12 (P=0.002)

6.1.3 1year

Hammer et al., 2019 303 123 84 274 97 82 11.5% 2.90[-0.47,6.27)
Ludvigsen et al., 2020 248 786 69 218 81 73 132% 3.00(0.42,5.58)
Subtotal (95% CI) 153 155  24.6% 2.96[0.91,5.01]

Heterogeneity: Tau*= 0.00; Chi*= 0.00, df=1 (P = 0.96), F= 0%
Test for overall effect Z= 2.83 (P = 0.005)

6.1.4 2years
Hammer et al., 2019 36 126 84 301 9.9 82 11.3% 50[-1.94,4.94]
Subtotal (95% CI) 84 82 11.3% 1.50[-1.94, 4.94]

Heterogeneity: Not applicable
Test for overall effect Z= 0.85 (P = 0.39)

6.1.5 3years

Gupta etal., 2025 305 8.8
Subtotal (95% Cl)

Heterogeneity: Not applicable
Test for overall effect Z=0.90 (P = 0.37)

9% 318 112 97 126% -1.30[-4.14,1.54]
96 97 12.6% -1.30[-4.14,1.54]

Total (95% Cl) 672 676 100.0% 3.48[1.43,5.52]
Heterogeneity: Tau®= 6.53; Chi*= 29.38, df= 7 (P = 0.0001), F= 76%

Test for overall effect Z= 3.33 (P = 0.0009)

Testfor subaroup differences: Chi*=12.71, df= 4 (P = 0.01), F= 68.5%

FIGURE 4: Grip strength

Reference [22,26,27].
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VAS Pain Score

Across all follow-up periods (3 months, 6 months, and 1-3 years), there was no significant difference in pain
outcomes between the two treatment groups. The overall pooled analysis also showed no significant
advantage of either technique (MD = -0.05; 95% CI: -0.15 to 0.04; p = 0.28) with no heterogeneity (IZ = 0%),

indicating consistent results across studies (Figure 5).

Volar locking plate External fixation Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI
7.1.13months

Egol etal,, 2008 23 25 39 18 22 38 486% 0.21 [-0.24, 0.66]
Gupta etal., 2025 1 14 9% 09 13 97 11.6% 0.07 [0.21,0.36]
Hammeretal, 2019 13 1.4 84 15 15 82 9.9% -0.14[-0.44,017)
Ludvigsen et al., 2020 125 208 75 20 151 a1 9.2% -0.41 [0.73,-0.10]
Wei etal, 2009 17 1 12 19 08 22 19% -0.21 [-0.91, 0.50]
Subtotal (95% CI) 306 320 37.1% -0.10[-0.32,0.13]

Heterogeneity: Tau®= 0.03; Chi*=7.18, df= 4 (P=0.13), F= 44%
Test for overall effect Z=0.85 (P = 0.39)

7.1.2 6 months

Egol etal,, 2008 26 24 39 23 23 38 46% 013[0.32,057]
Hammeretal, 2019 09 13 84 1 13 82 10.0% -0.08 -0.38,0.23)
Wei etal, 2009 18 1 12 22 13 22 18% -0.32[-1.03,0.38]
Subtotal (95% CI) 135 142 16.4% -0.05[-0.28, 0.19]

Heterogeneity: Tau*= 0.00; Chi*=1.20, df= 2 (P = 0.55), F= 0%
Test for overall effect Z=0.39 (P = 0.70)

7.1.3 1year

Egol etal,, 2008 25 29 39 21 27 38 48% 014 031,059
Hammeretal, 2019 0.6 11 84 08 14 82 9.9% -0.16 [-0.46,0.15]
Ludvigsen etal., 2020 25 57 69 33 75 73 85% -0.12[-0.45,0.21]
Wei etal, 2009 18 1.8 12 18 13 22 19% 0.00-0.70,0.70]
Subtotal (95% CI) 204 215 24.9% -0.08 [-0.27,0.11]

Heterogeneity. Tau*= 0.00; Chi*=1.30, df=3 (P = 0.73), F= 0%
Testfor overall effect Z=0.79 (P = 0.43)

7.1.4 2years
Hammeretal, 2019 04 1 84 04 11 82 10.0% 0.00 [-0.30,0.30]
Subtotal (95% CI) 84 82 10.0% 0.00[-0.30, 0.30]

Heterogeneity: Not applicable
Test for overall effect Z=0.00 (P =1.00)

7.1.5 3years
Gupta etal,, 2025 03 1 96 02 1 97 11.6% 0.10[-0.18,0.38]
Subtotal (95% CI) 96 97 11.6% 0.10 [-0.18, 0.38]

Heterogeneity: Not applicable
Test for overall effect Z=0.69 (P = 0.49)

Total (95% CI) 825 856 100.0%
Heterogeneity: Tau*= 0.00; Chi*= 11.32, df=13 (P = 0.58), F= 0%

Test for overall effect Z=1.08 (P =0.28)

Testfor subaroup differences: Chi*=1.41, df= 4 (P = 0.84), F= 0%

-0.05[-0.15, 0.04]

FIGURE 5: VAS pain score

References: [22,23,26-28].
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Wrist Range of Motion (ROM) at Three Months

At three months post-treatment, pooled data from three studies involving 515 patients showed that VLP
provided significantly better wrist ROM than EF across all movement directions. Specifically, VLP
demonstrated superior flexion (MD = 3.78; 95% CI: 0.24-7.32; p = 0.04), extension (MD = 6.19; 95% CI: 0.71-
11.66; p = 0.03), pronation (MD = 2.25; 95% CI: 0.68-3.81; p = 0.005), and supination (MD = 6.37; 95% CI:
1.28-11.46; p = 0.01). The overall pooled analysis confirmed a significant improvement in total wrist ROM in
favor of VLP (MD = 4.18; 95% CI: 2.54-5.82; p < 0.00001). Moderate heterogeneity (I = 61%) was noted

(Figure 6).
Volar locking plate External fixation Mean Difference Mean Difference

Study or Subgroup Mean SD _Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.1.1 Flexion
Gupta et al,, 2025 531 98 96 522 86 97 10.8% 0.80[-1.70,3.50] -1
Hammer etal., 2019 466 176 84 40 137 82 65%  6.60[1.81,11.39
Ludvigsen et al,, 2020 62 1" 75 57 12 81 8.6% 5.00([1.39,8.61] —
Subtotal (95% CI) 255 260 25.9% 3.78[0.24,7.32] -
Heterogeneity: Tau®= 6.36, Chi*= 5.85, df= 2 (P = 0.05), F= 66%
Test for overall effect Z=2.09 (P = 0.04)
4.1.2 Extension
Gupta etal,, 2025 59.7 9.6 96 578 88 97 10.8% 1.90 [-0.70, 4.50] T
Hammer etal., 2019 52 16 84 412 188 82 58% 1080([548,16.12]
Ludvigsen et al., 2020 58 15 75 51 16 81 6.4%  7.00(2.14,11.86]
Subtotal (95% CI) 255 260 23.0% 6.19[0.71, 11.66] ——orIEEe—
Heterogeneity: Tau®= 18.54; Chi*=10.20, df= 2 (P = 0.006), F= 80%
Test for overall effect Z=2.22 (P=0.03)
4.1.3 Pronation
Gupta etal,, 2025 831 85 96 817 73 97 11.6% 1.40 [-0.84, 3.64] T
Hammer et al., 2019 845 82 84 814 113 82  9.9% 3.10[0.09,6.11]  —
Ludvigsen et al,, 2020 81 8 75 78 12 81 9.5% 3.00[-0.18,6.18] ——
Subtotal (95% CI) 255 260 30.9% 2.25[0.68,3.81] -
Heterogeneity: Tau*= 0.00; Chi*=1.08, df= 2 (P = 0.58), F= 0%
Test for overall effect Z= 2.82 (P = 0.005)
4.1.4 Supination
Gupta etal,, 2025 805 8.8 96 777 131 97  9.6% 2.80 [-0.35, 5.95]
Hammer et al., 2019 759 159 84 639 243 82  47% 12.00(5.74,18.26)
Ludvigsen et al,, 2020 75 15 75 69 18 81 6.0%  6.00(0.81,11.19)
Subtotal (95% Cl) 255 260 20.2%  6.37[1.28, 11.46] BN
Heterogeneity: Tau*=14.10, Chi*=6.82, df= 2 (P=0.03), F=71%
Test for overall effect Z= 2.45 (P=0.01)
Total (95% CI) 1020 1040 100.0% 4.18[2.54,5.82] Eeg
Heterogeneity: Tau*= 4.76, Chi*= 28.30, df= 11 (P = 0.003), F=61% e 10 A 20

Test for overall effect: Z= 4.99 (P < 0.00001)

Favours [External fixation] Favours [Volar locking plate]
Test for subaroup differences: Chi*= 4.07, df= 3 (P = 0.25), F= 26.3%

FIGURE 6: Wrist range of motion (ROM) at three months

Wrist Range of Motion (ROM) at 12 Months

Three studies comprising 308 patients evaluated wrist ROM at 12 months and demonstrated a significant
advantage of VLP over EF across all movement directions. Specifically, VLP achieved greater flexion (MD =
3.07; 95% CI: 0.66-5.47; p = 0.01), extension (MD = 4.15; 95% CI: 1.20-7.11; p = 0.006), pronation (MD = 1.77;
95% CI: 0.12-3.42; p = 0.03), and supination (MD = 3.54; 95% CI: 1.08-6.00; p = 0.005). The pooled analysis
confirmed a significant overall improvement in wrist ROM favoring VLP (MD = 2.73; 95% CI: 1.63-3.84; p <
0.00001) with no observed heterogeneity (12 = 0%) (Figure 7).
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Volar locking plate

External fixation

Mean Difference

Mean Difference

Study or Subgroup Mean SD _ Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI

5.1.1 Flexion

Hammer etal., 2019 575 111 84 543 156 82 7.2% 3.20(0.93,7.33] -

Ludvigsen et al., 2020 69 9 69 66 9 73 13.9% 3.00[0.04, 5.96]

Subtotal (95% Cl) 153 155 21.1% 3.07 [0.66, 5.47]  —eargia—
Heterogeneity: Tau*= 0.00, Chi*=0.01, df=1 (P = 0.94), F= 0%

Test for overall effect Z=2.50 (P = 0.01)

5.1.2 Extension

Hammer et al., 2019 665 131 84 634 158 82  6.2% 310[1.32,7.52] —

Ludvigsen et al., 2020 64 13 69 59 1" 73 77% 5.00(1.03,8.97]

Subtotal (95% Cl) 153 155 14.0% 4.15[1.20,7.11] ——=EEEERe—
Heterogeneity: Tau*= 0.00;, Chi*= 0.39, df=1 (P = 0.53), F= 0%

Test for overall effect Z= 2.75 (P = 0.006)

5.1.3 Pronation

Hammer et al., 2019 87.2 5.4 84 856 86 82 254% 1.60[-0.59, 3.79] T
Ludvigsen et al., 2020 84 6 69 82 9 73 19.5% 2.00 [-0.50, 4.50] T =
Subtotal (95% CI) 153 155  44.9% 1.77[0.12, 3.42] i
Heterogeneity: Tau*= 0.00; Chi*= 0.06, df=1 (P =0.81); F= 0%

Testfor overall effect Z=2.11 (P=0.03)

5.1.4 Supination

Hammer etal., 2019 848 118 84 817 108 82 10.3% 3.10[0.34,6.54] T "
Ludvigsen et al,, 2020 83 8 69 79 13 73 9.8% 4.00(0.47,7.53] . —
Subtotal (95% CI) 153 155 20.1% 3.54[1.08, 6.00]  —eafEERE—
Heterogeneity: Tau*= 0.00, Chi*=0.13,df=1 (P=0.72), F= 0%

Test for overall effect Z= 2.82 (P = 0.005)

Total (95% CI) 612 620 100.0% 2.73[1.63,3.84] -
Heterogeneity: Tau®= 0.00; Chi*= 3.25, df= 7 (P = 0.86); F= 0% 1_10 55 + J

Test for overall effect Z= 4.85 (P < 0.00001)
Test for subaroup differences: Chi*= 2.67, df= 3 (P = 0.45), F= 0%

5
Favours [External fixation] Favours [Volar locking plate]

FIGURE 7: Wrist range of motion (ROM) at 12 months

References: [22,27].

Radiological Measurement

Volar tilt: Six studies involving 686 patients assessed volar tilt and demonstrated a significant improvement

in patients treated with VLP compared to those treated with EF (MD = 1.84; 95% CI: 0.35-3.33; p = 0.02).

Ulnar deviation: Three studies comprising 253 patients showed a significant advantage of EF over VLP (MD =

-0.82;95% CI: -1.31 to -0.32; p = 0.001). Radial deviation: Five studies, including 754 patients, evaluated
radial deviation, showing no significant difference between VLP and EF (MD = -0.64; 95% CI: -1.86 to 0.58;
p =0.30; 12 = 78%). The total pooled analysis of radiographic parameters showed no significant difference
between VLP and EF (MD = 0.05; 95% CI: -0.72 to 0.81; p = 0.91; 12 = 73%). This indicates that both
techniques provide comparable radiographic outcomes, although the Significant heterogeneity (1% = 73%)

suggests variability among studies (Figure 8).

Study or Subgroup
3.1.1 Volar tiit

Egol etal,, 2008
Gupta etal., 2025
Hammer et al., 2019
Ludvigsen et al., 2020
Roh etal, 2015
Weietal,, 2009
Subtotal (95% CI)

Heterogeneity: Tau*= 1.87, Chi*= 11.66,

Volar locking plate

Mean SD__ Total Mean

57 6.6
7.7 6.1
21 78
55 57
5 5
4 2

3

Test for overall effect Z=2.42 (P=0.02)

3.1.3 Radial deviation
Egol etal., 2008
Gupta et al,, 2025
Hammer etal., 2019
Ludvigsen et al,, 2020
Rohetal, 2015

Wei etal,, 2009
Subtotal (95% CI)

Heterogeneity: Tau*=1.75, Chi*= 22.46,

20 42
19.7 41
199 45
232 33
232 33
176 21

3

Test for overall effect Z=1.03 (P = 0.30)

3.1.4 Uinar deviation
Egol etal,, 2008
Ludvigsen et al., 2020
Wei et al,, 2009
Subtotal (95% CI)

1 19
08 16
-13 37

39
96
84
69
36
12
36

39
96
84
69
69
12
69

External fixation

SD_Total

25 109 38
81 65 97
-023 74 82
46 55 73
3 4 38
-19 84 22
350

df=5(P=0.04),F=57%

207 53 38
199 46 97
178 48 82
242 36 73
242 36 73
208 34 22

df=5 (P=0.0004); F=78%

18 26 38
16 19 73
0 43 22
133

Heterogeneity: Tau*= 0.00, Chi*=0.12, df= 2 (P = 0.94), F= 0%
Test for overall effect Z= 3.24 (P = 0.001)

Total (95% CI)

Heterogeneity: Tau®= 1.42; Chi*= 52.53, df= 14 (P < 0.00001); F=73%

8.

Test for overall effect Z=0.12 (P=0.91)

Test for subaroup differences: Chi*= 11.04, df= 2 (P = 0.004), F= 81.9%

25

868

Weight

27%
6.8%
55%
6.6%
6.0%
31%
30.6%

5.8%
8.4%
78%
8.6%
8.6%
6.6%
45.9%

9.0%
101%
45%
23.5%

100.0%

Mean Difference
IV, Random, 95% CI

Mean Difference

IV, Random, 95% CI

3.20[-0.84,7.24]
-0.40-2.18,1.38)
2.33(0.06, 4.60]
0.90 [-0.94, 2.74]
2.00-0.07,4.07]
5.90(2.21,9.59]
1.84[0.35, 3.33]

-0.70 [-2.84,1.44)
-0.20 [1.43,1.03)

2.00(0.58,3.42)
-1.00[-2.14,0.14]
-1.00[-2.14,0.14]
-3.30 [-5.15,-1.45)
-0.64 [-1.86, 0.58]

-0.80[1.82,0.22)
-0.80[-1.38,-0.22]
-1.30 [-4.06, 1.46]
-0.82[-1.31,-0.32]

0.05[-0.72,0.81]

FIGURE 8: Radiological measurement

References: [20,22,23,26-26].
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Radial shortening: Five of the included studies, comprising 446 patients, assessed radial shortening and

showed no significant difference between VLP and EF in restoring radial length (MD = -0.27; 95% CI: -0.81 to
0.26; p = 0.32). No heterogeneity was observed across studies (1% = 6%) (Figure 9).
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Volar locking plate External fixation Mean Difference Mean Difference
Study or Subgroup Mean SD__Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Egol etal., 2008 9.9 26 39 107 28 38 18.8% -0.80[2.01,0.41] — T
Gupta etal,, 2025 102 28 96 104 31 97 37.5% -0.20[1.03,063] —.—
Hammer etal., 2019 9.6 31 84 816 3 82  0.0% 1.44[051,237)
Ludvigsen et al., 2020 103 26 69 101 27 73 3456% 0.20[-0.67,1.07] —
Wei etal., 2009 95 27 12 108 21 22 91%  -1.30[-3.06,0.46] .
Total (95% CI) 216 230 100.0% -0.27[-0.81,0.26] ?

Heterogeneity: Tau*= 0.02; Chi*= 3.20, df= 3 (P = 0.36), F= 6%
Test for overall effect Z=1.00 (P = 0.32)

it

-2 2
Favours [Volar locking plate] Favours [External fixation]

FIGURE 9: Radial shortening

References: [22,23,26-28].

Safety outcomes

Minor and Overall Complications

Minor complications: seven studies with 827 patients reported the rate of minor complications and showed
no significant difference between VLP and EF (RR = 0.79; 95% CI: 0.61-1.04; p = 0.10). Low heterogeneity
was observed across studies (12 = 36%). Overall complications: eight studies, including 901 patients, reported
this outcome and demonstrated no significant difference between VLP and EF (RR = 0.95; 95% CI: 0.80-1.13;
p = 0.55). Low heterogeneity was observed across studies (IZ = 32%). The pooled analysis of all complications
showed no significant difference between the two techniques, with comparable total complication rates (RR
=0.89; 95% CI: 0.77-1.03; p = 0.13) and low heterogeneity across studies (12 = 29%) (Figure 10).

Volar locking plate  External fixation Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Minor Complications
Egol etal., 2008 8 39 7 38 29% 1.111[0.45,277]
Gupta etal., 2025 24 96 18 97  7.3% 1.35(0.78,2.32) —
Hammer et al, 2019 17 82 3 78 13.0% 0.52(0.32, 0.86] = =
Ludvigsen et al., 2020 17 69 23 73 91% 0.78[0.46,1.33] -1
Shuklaetal, 2014 1 48 2 62 07% 0.65(0.06, 6.91]
Wei etal., 2009 2 12 3 22 09% 1.22(0.24,6.33)
Williksen et al., 2013 2 52 8 59  31% 0.28[0.06,1.28]
Subtotal (95% CI) 398 429 37.0% 0.79[0.61, 1.04] ~
Total events 7 92

Heterogeneity. Chi*= 8.95, df= 6 (P = 0.18), F=33%
Test for overall effect Z=1.66 (P=0.10)

2.1.2 Overall Complications

Egol etal, 2008 8 39 7 38 29%  1.11[045,277]

Gupta etal., 2025 41 96 27 97 11.0%  1.53[1.03,2.28) .
Hammer et al,, 2019 37 82 45 78 189%  0.78(0.58,1.06) ===

Ludvigsen et al., 2020 33 69 4 73 163% 085[0.62,1.17] T

Rohetal, 2015 [ 36 13 38 52% 049[0.21,1.14] —
Shuklaetal, 2014 2 48 2 62 07% 1.29[0.19,8.84)

Wei etal., 2009 2 12 4 22 12% 092(0.20,4.30

Williksen etal., 2013 15 52 18 59 69%  095(0.53,1.68) — ]
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FIGURE 10: Complications

References: [20-24,26-28].

Risk of reoperation: Six of the included studies, comprising 794 patients, reported on the incidence of
reoperation. The analysis showed that patients treated with VLP had a significantly higher reoperation rate
than those treated with EF (RR = 2.51; 95% CI: 1.59-3.97; p < 0.0001). Low heterogeneity (12 = 39%) was
observed (Figure 11).
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Discussion

This meta-analysis of nine RCTs involving 1,023 patients demonstrates that VLP provides superior early
functional recovery with significantly lower DASH scores at 3 and 6 months, better grip strength up to 12
months, and improved wrist ROM. Pain outcomes, overall complication rates, and long-term functional
results at 2-3 years remained comparable between both methods, with no clinically significant differences in
radiographic alignment. Clinically, these findings suggest that VLP should be preferred for patients where
early functional recovery and durable fixation are priorities. In contrast, EF remains a valid option when a
less invasive approach is required.

Previous meta-analyses by Fu et al. and Gouk et al. reported findings consistent with ours, showing that VLP
provides better early improvements in pain, grip strength, and ROM than EF [5,29]. However, unlike our
results, these studies found that VLP achieved better restoration of ulnar variance, whereas our analysis
showed no significant radiological difference between the two techniques, with only minor, clinically
insignificant advantages for VLP. Also, consistency was observed in reoperation rates compared with
previous reviews. Gouk et al. and Gou et al. reported a higher reoperation rate with VLP, which aligns with
our findings [29,30].

Among the included studies in this meta-analysis, studies [20,21,26,27] focused exclusively on intra-
articular DRFs. It is a common variant, accounting for approximately 10% to 12% of all DRFs. Furthermore,
around 77% of intra-articular DRFs involve the sigmoid notch of the distal radioulnar joint [31,32]. Shukla et
al [21] reported superior functional outcomes with EF at 1 year, particularly in patients younger than 50
years. In contrast, Roh et al. and Hammer et al. demonstrated that VLP fixation provided faster functional
recovery and better short-term outcomes compared with EF [20,27]. While most trials utilized the DASH or
QuickDASH as the primary functional outcome measure, Roh et al. employed the Michigan Hand
Questionnaire (MHQ), a valid but distinct patient-reported outcome tool with a different scoring
methodology and domain structure [20]. Additionally, Roh et al. did not report pain outcomes using a
standardized scale such as the VAS, precluding their inclusion in our pain meta-analysis [20].

Similarly, Shukla et al. utilized the Green and O'Brien scoring system, a composite grading tool that
integrates pain, ROM, grip strength, and functional activities into a single categorical outcome [21]. While
this approach may have clinical utility for holistic assessment, composite scoring systems inherently limit
granular analysis of individual outcome domains. Unlike discrete, independently validated metrics such as
VAS for pain, QuickDASH for disability, or standardized dynamometry for grip strength, composite scores
cannot be disaggregated for subgroup or sensitivity analyses, reducing their contribution to quantitative
synthesis.

In addition to clinical and functional outcomes, economic considerations also play a crucial role in
determining the preferred fixation method for DRFs. Karantana et al. (2015) evaluated VLP fixation against
EF within the UK NHS and found that VLP was approximately £713 more expensive per patient, offering only
minimal improvement in quality-adjusted life years [33]. The resulting incremental cost-effectiveness ratio
of £40,068/QALY reached the upper limit of NHS cost-effectiveness, indicating limited economic benefit
when only direct healthcare costs are considered. In contrast, Hammer et al. (2020) compared VLP and EF
over two years in Norway using both healthcare and societal perspectives. Although healthcare costs and
QALYs were similar, EF resulted in more extended work absence (9.2 vs 5.5 weeks), increasing societal costs
(€18,037 vs €12,567). Consequently, VLP was 90% more likely to be cost-effective due to reduced
productivity loss [34].

Interpretation of reoperation rates is also relevant when assessing the overall clinical and economic impact
of fixation strategies. The higher reoperation rate observed with VLP fixation was largely driven by hardware
removal, indicating that secondary interventions primarily addressed implant-related complications rather
than fixation failure. As VLPs are intended to remain permanently in situ, hardware removal generally
reflects the management of complications such as tendon irritation or implant prominence. Accordingly,
this finding reflects the distinct complication profile of permanent internal fixation and should not be
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interpreted as evidence of inferior fracture healing or increased treatment failure.

The strengths of this study include: the inclusion of only RCTs, which enhances the methodological
consistency and reliability of the findings. Additionally, the study included a large sample size and a long
follow-up period (up to five years), allowing for a more comprehensive evaluation of both early and long-
term outcomes. We performed subgroup analysis based on our follow-up duration.

Our study had several limitations. The primary limitation was the high risk of bias, mainly in Domain 4
(outcome measurement), likely due to unblinded assessors and the subjective nature of some outcomes.
Additionally, there was variation in fracture types among the included studies; studies focused exclusively
on intra-articular DRFs, while others included different fracture patterns, which may have introduced
heterogeneity in the results [20,21,26,27].

Future research should focus on larger, high-quality RCTs with long-term follow-up to compare VLP and EF.
These trials must reduce bias by using standardized, objective, and blinded outcome measures. Additionally,
studies should stratify patients by fracture type and include patient-reported outcomes to identify which
technique is best for specific patient groups.

Conclusions

Our study shows that VLP fixation provides superior early functional recovery and wrist mobility compared
with EF. At the same time, pain, radiographic outcomes, and overall complication rates remain comparable
between the two techniques. VLP was associated with a higher reoperation rate, whereas EF demonstrated
better reoperation outcomes. Both methods achieved similar long-term functional and anatomical
outcomes. Therefore, the management of DRFs should be individualized, as no single fixation method
demonstrates absolute superiority. VLP is better suited for patients seeking early functional recovery and
stable fixation, while EF remains an appropriate choice when a less invasive approach is preferred.

Appendices

Appendix A
Number
Database of Search Strategy
Results

("Radius"[Mesh] OR "Radius Fractures"[Mesh] OR "Wrist Fractures"[Mesh] OR (distal radius OR distal radial OR
colles OR smith) AND (fractur* OR break* OR injury) ) AND ( "Bone Plates"[Mesh] OR "Internal Fixators"[Mesh] OR

PubMed 719 (volar OR palmar) AND (plate* OR ORIF) OR "locking plate*" OR "locking compression plate*" OR LCP OR VLP OR
"internal fixat*" ) AND ( "External Fixators"[Mesh] OR "external fixat*" OR "dynamic external" OR "non-bridging" OR
"bridging external" OR "hoffmann II" OR "unilateral frame" )

( "Radius" OR "Radius Fractures" OR "Wrist Fractures" OR (distal radius OR distal radial OR colles OR smith) AND
(fractur* OR break* OR injury) ) AND ( "Bone Plates" OR "Internal Fixators" OR (volar OR palmar) AND (plate* OR

57 ORIF) OR "locking plate*" OR "locking compression plate*" OR LCP OR VLP OR "internal fixat*" ) AND ( "External
Fixators" OR "external fixat*" OR "dynamic external" OR "non-bridging" OR "bridging external" OR "hoffmann II" OR
"unilateral frame" )

Web of
Science

( "Radius" OR "Radius Fractures" OR "Wrist Fractures" OR (distal radius OR distal radial OR colles OR smith) AND
(fractur* OR break* OR injury) ) AND ( "Bone Plates" OR "Internal Fixators" OR (volar OR palmar) AND (plate* OR

Scopus 589 ORIF) OR "locking plate*" OR "locking compression plate*" OR LCP OR VLP OR "internal fixat*" ) AND ( "External
Fixators" OR "external fixat*" OR "dynamic external" OR "non-bridging" OR "bridging external" OR "hoffmann II" OR
"unilateral frame" )

(‘radius":ab,ti OR 'radius fractures"ab,ti OR 'wrist fractures’:ab,ti OR 'distal radius":ab,ti OR 'distal radial":ab,ti OR
colles:ab,ti OR smith:ab,ti) AND (fractur*:ab,ti OR break*:ab,ti OR injury:ab,ti) AND (('bone plates":ab,ti OR 'internal
fixators':ab,ti OR volar:ab,ti OR palmar:ab,ti) AND (plate*:ab,ti OR orif:ab,ti) OR 'locking plate*':ab,ti OR 'locking
compression plate*:ab,ti OR Icp:ab,ti OR vip:ab,ti OR 'internal fixat*:ab,ti) AND (‘external fixators"ab,ti OR 'external
fixat*":ab,ti OR 'dynamic external':ab,ti OR 'non-bridging"ab,ti OR 'bridging external':ab,ti OR 'hoffmann ii":ab,ti OR
'unilateral frame":ab, i)

Embase 457

TABLE 3: Full detailed search strategy
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