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Background: In severe comminuted metaphyseal distal radius fracture (DRF) of elderly 
patients, after maintaining only radiological parameters of the radius using long volar 
locking plates (VLPs), we inevitably eliminated a few volar cortical fragments of metaphy-
sis. Here, we report the final radiological and clinical outcomes of our method.
Methods: For the patients who were treated between 2014 and 2018, the demographic 
factors, the preoperative radiologic factors, area of the eliminated volar cortical fragment, 
and final radiologic parameter, were evaluated. Clinical outcomes and ranges of active 
motion were evaluated.
Results: In total, 31 patients were included. The mean patient age was 77.3 years and the 
mean eliminated cortical area was 3.30 cm2. At the final follow-up, the mean volar tilt, 
radial inclination, articular step-off, and ulnar variance were 10.35°, 20.00°, 0.58 mm, and 
0.71 mm, respectively. There were no definitive correlations between bone mineral density, 
fragment area, the largest cortical fragment diameter ratio and differences in final and 
immediate postoperative measurements of these radiological parameters, respectively. Vi-
sual analog scale and disabilities of the arm, shoulder, and hand (DASH) scores were satis-
factory, and the mean arcs of flexion-extension and pronation-supination were 124.35° 
and 133.23°. Clinical outcomes were not significantly different according to the AO sys-
tem category.
Conclusions: For maintenance of radiological parameters of the radius, long VLPs are use-
ful in older patients with DRFs who exhibit volar metaphyseal comminution, despite con-
current ulnar fractures. Inevitable elimination of irreducible free comminuted cortical 
fragments when filling the defect does not affect final radiological and clinical outcomes.
Level of evidence: Level IV, case series.
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Introduction

Distal radius fractures (DRFs) are the most common upper limb fractures, comprising 

more than 16% of all fractures [1]. However, it remains difficult to treat high-energy 

fractures of the distal radius involving both an intra-articular component and me-

taphyseal comminution with diaphyseal extension. Furthermore, this type of fracture 
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occasionally occurs just after a simple slippage in elderly 

patients over 70 years. These fractures are difficult to man-

age partly because of specific biological and mechanical 

aspects that must be considered when treating intra-artic-

ular fractures with proximal extension. Volar locking plates 

(VLPs) have been designed with longer shapes to cover 

more proximal metaphysis and diaphysis. These plates are 

considered useful for the management of volar comminut-

ed fractures of the distal radius, which involve proximal ex-

tension into the diaphysis, and with their use, the compli-

cations of external fixation or dorsal bridging of distraction 

plates can be avoided or minimized [2,3].

On the other hand, a few fracture fragments have been 

considered essential for proper union in several anatomi-

cal areas of among the overall skeleton, such as the medial 

calcar fragments in the proximal humerus or femur [4-6]. 

Since the development of locking plates/screws and their 

implementation worldwide, the AO principle has been 

used to investigate several mechanical and biological as-

pects of comminuted fragment healing [4]. The principle 

also suggests placement of the plate on the bony surface 

under conditions of distractive force. However, in older 

patients with low bone mineral density (BMD), low-energy 

injuries occasionally result in severe comminuted metaph-

yseal DRFs. Furthermore, it could be extremely difficult to 

fix and maintain for each volar fragment with long VLP.

In particular, for the maintenance of the radial length 

during plating and surgical manipulations (e.g., distal trac-

tion), a few free fragments never contact with other frag-

ments, inevitably. Thus, we hypothesized the inevitable 

elimination for these irreducible fragments of volar cortex 

with comminution would not affect the final outcomes, if 

the radiological parameters of the radius were restored using 

long VLPs. Here, we report the final radiological and clinical 

outcomes of this procedure after at least 2 years of follow-up, 

along with factors that may influence these outcomes.

Methods

Ethics Statement
The study was approved by the Institutional Review Board 

of Chungnam National University Hospital (IRB No. 2021-

09-056) and performed in accordance with the principles 

of the Declaration of Helsinki. Written informed consent 

was obtained.

Patient Selection
We retrospectively analysed patients who had been diag-

nosed with DRFs at Chungnam National University Hos-

pital between March 2014 and September 2018. Among 

522 patients screened for analysis, 34 were included in 

the study. Patients were selected based on the following 

criteria: (1) age >70 years; (2) independent living before 

injury; (3) the presence of irreducible comminuted volar 

fragments at distal metaphysis or diaphysis (at least 0.5×0.5 

cm2); (4) fixation with a long VLP for DRF with the inevita-

ble elimination of one or more cortical fragments; (5) the 

presence of preoperative three-dimensional computed 

tomography (3D CT) images for the evaluation of fragment 

size; and (6) the availability of complete medical records 

and radiological data for at least 2 years postoperatively.

The exclusion criteria were (1) unstable concurrent 

ulnar fracture [7,8]; (2) other ipsilateral upper extremity 

injuries; (3) previous history of DRF treatment with conser-

vative or surgical methods; (4) multiple comorbidities (i.e., 

>3 chronic diseases requiring medication); (5) history of 

trauma in the same wrist and/or neurological involvement; 

(6) atypical forearm fracture or administration of high-dose 

bisphosphonate as adjuvant chemotherapy for malignancy 

(e.g., breast cancer or multiple myeloma) [9,10]; (7) presence 

of symptomatic arthritis in the distal radioulnar joint at the 

time of surgery; and/or (8) comorbid autoimmune connec-

tive tissue disease requiring long-term steroid therapy.

Demographic and Clinical Characteristics
Demographic factors were evaluated, including age, sex, 

smoking status, comorbidities (diabetes or other medical 

diseases) and BMD. In particular, BMD was measured at 

the time of diagnosis of osteoporosis and atypical fracture 

using a Lunar Prodigy dual-energy X‐ray absorptiometry 

instrument (GE Medical Systems) with enCORE ver. 8.8 

(GE Medical Systems). Mean score values from the hip and 

spine were recorded. The lowest T score for the proximal 

femur and lumbar spine, except for the Ward area of the 

proximal femur, was recorded. We reported the level of ex-

pertise of the two surgeons as ‘‘Level 4/highly experienced 

category’’ for surgical practices [11].

Fracture Classification and Measurement of Eliminated 
Segment Size
Preoperative radiographs (anteroposterior, lateral, and 
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oblique) and 3D CT images were evaluated to identify the 

number of articular fragments and the extent of commi-

nution. Fractures were classified using the AO system [7]. 

First, the eliminated cortical segment area was measured 

based on picture archiving and communication system 

(PACS) software (m-view 5.4; Marosis Technologies Inc.). 

The fragment area was calculated automatically with the 

PACS software using the region-of-interest tool (Fig. 1). 

Furthermore, the widest fragment diameter was measured 

intraoperatively and the corresponding radius diameter at 

the fragment location was measured concurrently. Finally, 

the ratio of the fragment diameter to the radial metaphysis/

shaft diameter was evaluated.

Classification of Ulnar Fractures
Any concurrent distal ulnar fracture was classified using 

the Q modifier, where Q1 indicates fracture of the ulnar 

styloid at its base, Q2 indicates simple fracture of the ul-

nar neck, Q3 indicates comminuted fracture of the ulnar 

neck, Q4 indicates fracture of the ulnar head, and Q5 in-

dicates fracture of the ulnar head and neck [7]. Unstable 

ulnar fractures of this area, despite reduction and internal 

fixation of the radius, were characterized by two factors 

determined intraoperatively: malalignment and instability 

[7,8]. Malalignment was arbitrarily defined as >10° angular 

deformity. Instability of the ulnar fracture after the distal 

radius had been realigned and fixed was defined as the 

tendency for fracture fragments to move relative to one 

another (>50% translation) with passive forearm rotation. 

Ulnar fractures that met these two criteria were considered 

unstable and thus, excluded in this study [7,8].

Surgical Treatment and Postoperative Management
The procedure was done with the patient in the supine 

Fig. 1. (A) A 73-year-old woman was injured during a fall. A volar cortical metaphyseal fragment with an area of 1.61 cm2 was removed 
during plating. The defect was filled with demineralized bone matrix. (B) A 78-year-old woman was injured. Two main volar cortical frag-
ments with areas of 1.81 and 1.84 cm2 were removed, and the defects were filled by morselized cancellous bone attached to the corre-
sponding cortex. Min, minimum; Max, maximum; SD, standard deviation.
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position on a radiolucent operating table. A longitudinal 

incision was made slightly radial to the flexor carpi radialis 

(FCR). Dissection was implemented between the radial ar-

tery and FCR. The pronator quadratus was then detached. 

The incision was extended proximally, depending on the 

fracture pattern and plate length, along the radial border 

of the FCR. The fracture site was exposed, and the hema-

toma was removed by rongeur and curettage. By means 

of ligamentotaxis with gentle finger traction, metaphyseal 

comminution was roughly and provisionally reduced with 

minimal manipulation. Traction was then applied, under 

fluoroscopic inspection, to determine the initial radial 

length. Then, cortical screws were fixed in proximal holes 

until proper compression could be achieved on the volar 

surface of the radius. Being pulled by assistant orthopedic 

surgeon, one or two distal locking screws were fixed after 

confirmation of radial length. During these distal fixations, 

areas with less comminution were fixed first, if possible, 

to preserve radial length. Unreducible volar free cortical 

fragments were then removed (Fig. 1). In a few patients 

with intra-articular DRFs, articular step-off was resolved by 

manipulation using a small elevator through the window of 

the original fragment location (Fig. 2). Following fixation of 

other locking screws in the distal area, final proximal lock-

ing screws were inserted. No concurrent ulnar fractures 

were fixed surgically. After surgery, the wrist was immo-

bilized in a long-arm splint. Active digit range of motion 

exercises commenced immediately postoperatively. At 3 

weeks postoperatively, the wrist was placed in a short-arm 

cast for an additional 3 weeks; physiotherapy (active and 

passive wrist mobilization without the cast) commenced at 

6 weeks postoperatively.

Radiological Evaluation
Radiological assessments were performed monthly for 3 

months after surgery, then at 3-month intervals for 1 year. 

A final evaluation was conducted at least 2 years after 

the surgery. Fracture union was defined as >3 regions of 

bone bridging among the radial, ulnar, dorsal and volar 

cortical aspects of the distal part of the radius, as observed 

on anteroposterior, lateral and both oblique projections. 

Radiographic alignment was characterized by measure-

ments of volar tilt, radial inclination, articular step-off and 

ulnar variance using standard measurement techniques 

[12]. The extra-articular type was defined as a 0-mm step-

off. Immediate postoperative measurements and final 

follow-up measurements were compared. All radiological 

images were evaluated twice by two orthopedic surgeons 

not involved in the surgeries, with a 1-day interval between 

evaluations.

Clinical Outcomes
Clinical outcomes were compared between groups at the 

final follow-up. Data were collected by an independent 

observer (an orthopedic surgeon) who was not an author 

of this study. The clinical outcomes were the visual analog 

scale (VAS) postoperative pain score, the disabilities of 

the arm, shoulder, and hand (DASH) score, and ranges of 

active motion. A score of 0 on the VAS indicated no pain, 

and a score of 10 indicated extreme pain. DASH is a 30-

item questionnaire that evaluates limitations with respect 

to the performance of daily activities, including leisure (four 

items) and work (four items). Total scores range from 0 to 

100. Active motion of the wrist joint was measured using a 

standardized technique, in which a goniometer was placed 

dorsally and laterally.

Inter- and Intraobserver Reliabilities of Radiological 
Measurements
Intraclass correlation coefficients of continuous variables 

were used as indices of inter- and intraobserver reliabilities 

[13]. Kappa values were calculated for categorical variables, 

Fig. 2. Intra-articular displacement was manipulated and reduced 
in the subchondral area through the window generated by the 
removed volar cortical fragment.
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such as fracture type [14], using Fleiss and Cohen’s ranges 

of >0.75, 0.40–0.75, and <0.40 to indicate excellent, good, 

and poor outcomes, respectively.

Statistical Analysis
The optimal sample size was calculated based on expected 

differences in the DASH score. Power analysis revealed 

that at least 23 patients were needed to detect a minimum 

difference in DASH score of 15 points between the two 

groups, with 20% assumed to be lost to follow-up, a type 

I error rate of 0.05, and a power of 0.8. These values are 

similar to those reported by Cha et al. [15] and Beaton et 

al. [16]. Associations of BMD, fragment area, and diameter 

ratio with final radiological outcomes were analysed using 

Pearson correlation. Categorical variables, such as AO clas-

sification and ulnar fracture pattern, were analysed using 

one-way analysis of variance or Scheffé post-hoc analysis 

to investigate associations with clinical outcomes. Sample 

size was calculated using G* Power ver. 3.1.9.2 (Hein-

rich-Heine-Universität Düsseldorf ). All data were anal-

ysed using IBM SPSS ver. 22.0 (IBM Corp.). In all analyses, 

P<0.05 was considered to indicate statistical significance.

Results

In total, 31 patients were included in the analysis. The mean 

patient age was 77.3±4.9 years and the mean eliminated 

fragment area was 3.30±0.68 cm2. At the final follow-up, the 

mean volar tilt, radial inclination, articular step-off, and 

ulnar variance were 10.35°±1.11°, 20.00°±0.97°, 0.58±0.62 

mm, and 0.71±0.82 mm, respectively (Table 1). There were 

no definitive correlations between BMD, fragment area, 

largest fragment diameter ratio, and differences in the final 

and immediate postoperative measurements of these ra-

diological parameters, respectively (Table 2). According to 

the fragment size, there were no differences of bony union 

at postoperative 3 and 6 months (Table 3). Furthermore, 

Table 1. Basic demographic, radiological and clinical data 
Variable Value
Age (yr) 77.3±4.9
Sex (male:female) 11:20
Smoking (yes:no) 7:24
Comorbidity (yes:no) 16:15
Bone mineral density –2.60±0.46
AO classification (A3.3:C2.2:C2.3:C3.3) 10:6:9:6
Area of eliminated fragment (cm2) 3.30±0.68
Ratio of largest diameter of eliminated fragment 0.40±0.15
Ulnar fracture pattern (Q1:Q2:Q3:Q4:Q5:Q6) 0:8:7:11:2:3
Volar tilt at just after surgery (°) 10.52±1.06
Radial inclination just after surgery (°) 20.29±0.82
Articular step-off just after surgery (mm) 0.48±0.51
Ulnar variances just after surgery (mm) 0.55±0.77
Follow-up period (mo), median (range) 26.16±1.97 (24–32)
Volar tilt at final follow-up (°) 10.35±1.11
Radial inclination at final follow-up (°) 20.00±0.97
Articular step-off at final follow-up (mm) 0.58±0.62
Ulnar variances at final follow-up (mm) 0.71±0.82
Visual analog scale 0.23±0.43
DASH score 6.41±2.38
Flexion-extension arc (°) 124.35±8.34
Pronation-supination arc (°) 133.23±8.22

Values are presented as mean±standard deviation unless otherwise 
indicated.
DASH, disabilities of the arm, shoulder, and hand.

Table 2. Correlations between the clinical factors and radiologic outcomes 

Difference between at final and just after surgery
Bone mineral density Area of eliminated cortical fragment Ratio of diameter

r P-value r P-value r P-value
Volar tilt –0.06 0.73 –0.03 0.88 0.07 0.70
Radial inclination –0.43 0.11 –0.17 0.36 0.02 0.89
Articular step-off 0.24 0.19 0.03 0.86 0.14 0.45
Ulnar variances –0.06 0.77 –0.13 0.47 0.10 0.59

clinical outcomes in terms of VAS and DASH scores were 

satisfactory (0.23±0.43 and 6.41±2.38, respectively), and the 

mean arcs of flexion-extension and pronation-supination 

were 124.35°±8.34° and 133.23°±8.22°, respectively. Clinical 

outcomes were not significantly different according to the 

AO system category (Table 4). Finally, with the exception 

of the pronation-supination arc, there were no significant 

differences among types of concurrent ulnar fracture (Table 

5).

In terms of radiological measurements, both inter- and 

intraobserver intraclass correlation coefficients indicated 
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Table 3. Differences of the union degree according to the area of eliminated cortical fragment 

Area of eliminated cortical fragment
Union at postoperative (partial:full)

χ2 P-value
3 mo 6 mo

<3.30±0.68 cm2 2:10 0:12 0.63 0.507
>3.30±0.68 cm2 2:17 0:19

Table 4. Clinical outcomes according to the AO classification 
Variable AO classification No. Mean±SD P-value
Visual analog scale A3.3 10 0.20±0.42 0.92

C2.2 6 0.17±0.41
C2.3 9 0.22±0.44
C3.3 6 0.33±0.52

DASH score A3.3 10 6.76±2.62 0.20
C2.2 6 4.72±1.21
C2.3 9 6.38±2.30
C3.3 6 7.57±2.51

Flexion-extension arc (°) A3.3 10 128.00±7.89 0.38
C2.2 6 120.83±6.65
C2.3 9 123.33±9.68
C3.3 6 123.33±8.16

Pronation-supination arc (°) A3.3 10 133.00±9.49 0.63
C2.2 6 135.00±8.37
C2.3 9 130.56±8.08
C3.3 6 135.83±6.65

SD, standard deviation; DASH, disabilities of the arm, shoulder, and hand.

Table 5. Clinical outcomes according to the ulnar fracture type 
Variable Ulnar fracture No. Mean±SD P-value
Visual analog scale Q1 8 0.12±0.35 0.49

Q2 7 0.43±0.53
Q3 11 0.27±0.47
Q4 2 0.00±0.00
Q5 3 0.00±0.00

DASH score Q1 8 5.48±1.73 0.14
Q2 7 8.08±2.35
Q3 11 6.68±2.58
Q4 2 5.58±3.08
Q5 3 4.59±0.50

Flexion-extension arc (°) Q1 8 120.62±10.84 0.08
Q2 7 126.43±6.27
Q3 11 127.27±6.47
Q4 2 130.00±0.00
Q5 3 115.00±5.00

Pronation-supination arc (°)a) Q1 8 138.75±3.54 <0.001
Q2 7 134.29±5.35
Q3 11 135.00±5.92
Q4 2 117.50±10.61
Q5 3 120.00±0.00

SD, standard deviation; DASH, disabilities of the arm, shoulder, and hand.
a)Post-hoc: Q1, Q2, Q3>Q4, Q5.
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high reproducibility [13]. The κ-values of the category clas-

sification of the AO system and ulnar fractures were 0.89 

and 0.85, respectively [14].

Discussion

There were some particular points for treatment of DRFs 

with volar metaphyseal cortical comminution for elderly 

patients, compared for fracture healing of the ordinary 

long bone through the well-established guideline of trau-

matology (AO principle). First, management of this injury 

requires basic knowledge concerning the distal one-third 

of the antebrachium and wrist. Furthermore, the metaph-

ysis in DRFs in older patients exhibits further comminu-

tion, osteoporotic features, and concurrent dorsal cortex 

fragments, compared with ordinary long bone fractures 

[17,18]. Thus, the concepts of lag screw and compressive 

fixation for inter-segmental or butterfly fragments are 

difficult to apply. Second, VLPs have been established as 

an excellent option for a few decades and are associated 

with minimal complications. In particular, both fixed- and 

variable-angle VLPs have been used for the fixation of DRF 

fragments. Therefore, osteoporotic bones can be firmly 

secured by at least three-fourths of the distal locking screw 

length, considering the distance from the volar to dorsal 

cortex [19]. Furthermore, a distally angulated plate design 

of approximately 10° in the sagittal plane is essential for 

the restoration of volar tilt for radiocarpal articular surface 

by simple plating on the volar surface. To our knowledge, 

there have been no specific options for the fixture of me-

taphyseal comminuted DRFs, except for long VLPs market-

ed by several companies. Accordingly, long dorsal plating 

(bridging plate) under distractive conditions satisfies the 

AO principle, but has minimal supporting clinical evidence 

in this context [20-22]. Finally, the values of volar metaphy-

seal fragments should be estimated in a manner that differs 

from those of medial calcar fragments in the proximal hu-

merus and femur. Indeed, the thickness and size of these 

fragments could be critical for fracture healing. However, 

precise and anatomical reduction with specific fragment 

geometry is difficult and can be more problematic in terms 

of radial length maintenance. Therefore, we first focused 

on length maintenance, then eliminated the resulting free 

volar cortical fragments, inevitably.

However, one aspect was consistent with the AO princi-

ple with the current surgical procedure. Because fragments 

were removed inevitably, rather than because of failure 

during attempted reduction, there was minimal manipu-

lation of the metaphysis. Thus, the overall operation time 

was similar to that of ordinary DRFs. A minimally invasive 

method was described by Wei et al. [3], which was very 

similar to our approach in terms of hypothesis, treatment 

rationale and outcomes, although it involved preservation 

of the pronator quadratus. However, considering the basic 

demographic data and surgical method in the study, Wei et 

al. [3] inserted screws only in the most distal rows of distal 

plate areas. Furthermore, their degrees of comminution 

and displacement of articular fragments were somewhat 

less complicated than in our study, so the minimally inva-

sive method may be suitable for some patients. In many of 

our patients, the comminution around articular area and 

the articular displacement were definitive, such that frag-

ments reduction and plating were difficult to achieve while 

preserving the pronator quadratus. In a few patients, artic-

ular displacement was manipulated through the window 

made by comminuted proximal metaphysis fragments, 

after incision of the pronator quadratus (Fig. 2).

Although final solid union was achieved, all patients 

were informed that the VLP should not be removed during 

the follow-up period, if possible. When necessary, the rea-

sons for removal were median nerve irritation, tendon-re-

lated concerns and procedures such as wrist fusion [19,23-

27]. Among these, tendon-related concerns were the only 

risks that could be minimized during plating. Thus, the 

distal margin of the plate was adjusted to be categorized 

as "Soong grade 0 or 1” to reduce the risk of flexor attrition 

[26], and all distal screws were inserted 2–3 mm shorter 

than the distance to the dorsal cortex for patients with ex-

tensor problems (Fig. 3). As expected, the area from which 

the eliminated cortical fragment had been removed was 

considered a definitive defect at the final follow-up. How-

ever, no patient symptoms or signs merited plate removal.

We filled defects caused by cortical fragment elimina-

tion with either a morselized cancellous graft from the 

removed fragment, tricalcium phosphate or demineralized 

bone matrix. If there were little amount of cancellous bone 

attached to the cortical fragment, we added synthetic ma-

terial if the patient agreed, due to its high cost. At the final 

follow-up, all fractures had healed with various types of 

cortical defects present in simple radiographs without any 
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signs of non-union, radial shortening or metal breakage 

(Fig. 4). Although there have been a few comparative stud-

ies of materials used to fill comminuted radii in humans 

[28-30], long VLPs can guarantee the restoration of radio-

logical parameters immediately after surgery, regardless of 

residual metaphyseal defects.

In all patients, concurrent ulnar fractures were treated 

conservatively in this study. Because many studies have 

been performed concerning ulnar styloid fractures in 

DRFs without distal radioulnar joint instability, there is a 

decreasing need for fixation, especially in older patients 

[31,32]. In this study, a few cases of styloid non-union (Q1) 

did not affect the final clinical outcomes (Table 5). Further-

more, the head, neck and metaphysis healed after radius 

union, following firm VLP fixation. Decisions for conserva-

tive treatment of these types of concurrent ulnar fractures, 

was based on also the several reports since 2010 [33,34], 

thus all concurrent head, neck and metaphyseal ulnar 

fractures exhibited satisfactory union in this study (Fig. 5). 

Patients with Q4 and Q5 ulnar fractures exhibited slight re-

ductions in their pronation-supination arcs, but their daily 

activities were not limited, and the overall VAS and DASH 

scores were satisfactory for these patients.

Considering the clinical evaluation, there are two im-

portant points related to the older age of our patients. 

First, some patients had advanced arthritic changes in the 

radiocarpal joint at the final follow-up, compared with the 

time of injury. However, their clinical statuses were not 

Fig. 3. A3.3 distal radius fracture with multiple comminuted metaphysis. At the final follow-up, the volar tilt and radial inclination was 9° 
and 20°, respectively, with the plate position of Soong grade 1. The lengths of the distal screws were approximately two-thirds distance 
from the volar to dorsal surface.

Fig. 4. Cortical defects identified in three patients. Mechanical 
support from long volar locking plates ensured volar cortex sta-
bility.

Fig. 5. With the exception of ulnar styloid fractures, satisfactory 
union at the final follow-up was observed for other types of con-
current ulnar fractures.
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compromised. Second, DASH scores revealed incomplete 

recovery, but the patients’ subjective conditions (including 

VAS scores) were satisfactory. We presume that these were 

because most older patients had previously adjusted to 

physical conditions appropriate for their age, and because 

of aging-related reductions in demands on the upper ex-

tremities [33].

This study had some limitations. First, it was not a com-

parative trial. Comparisons among patient groups with 

similar characteristics (e.g., age, BMD, or fracture pattern) 

would provide further insight for DRF management. Sec-

ond, we could not suggest solutions for rare conditions 

requiring plate removal beyond those described in this 

article. After plate removal, the cortical defect will be a very 

vulnerable point for another fracture. Finally, the benefits 

of inevitable elimination for comminuted fragments rather 

than fixation or preservation were not compared statisti-

cally with control group. Satisfactory radiologic and clinical 

outcomes with shorter surgery time and easier manipula-

tion should be verified by comparative study in future.

Conclusions

For the maintenance of radiological parameters of the 

radius, long VLPs are useful for treating elderly patients 

with DRFs who exhibit metaphyseal comminution, despite 

concurrent ulnar fractures. The inevitable elimination of 

irreducible free cortical comminuted fragments does not 

affect final radiological and clinical outcomes, despite the 

presence of bony defects in simple radiographs.
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