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Table 1. Dermographic Data of the Patients

Patient data

Number of patients enrolled 73
Age (years) (range) 55.5 (17-85)
Follow up duration (months) 25.5(6.1-63.7)

Male : Female
Injuried side - Dominant : Non-dominant

32 (43.8%) : 41 (56.2%)
49 (67.1%) : 24 (32.9%)

Cause
Slip down 36 (49.3%)
Fall down 12 (16.4%)
Traffic accident 23 (31.5%)
Dog bite 2 (2.8%)
Fracture type (AQ)
A(1,2,3) 18 (0,6,12)
B(1,2,3 5(1,0,4)
€(1,2,93 50 (3, 3, 44)

Al THro] o]2]2 Ao & ke njury severity score” 168 23
Q1 ohy gkt & a-gat okE SEAR= Aokt
Bt A 717 255/ D 6-6471 D)ol 9l en, FAbE 32, of
A7t 4195 0], FEAEe] FHat A2 55.5M](17-85A1) Stk Al
7} 499|(67.1%), B-S-A57F 2491 (329%) B o0, £AF Yelo g
= AZ AL} 360, 25 AR 239, UAF ARAL 120f], w2 gl o
22 Aol A2 A 13 N/ w/do] 205t FH 9 25
e AP AW 9 S0 Zah dAks 9e g A7
2t AORRE 7|&o 2 st on, A ZHo] 180(A21: 2,
A22: 4, A32: 4, A33: 8), B &4°] 54(BL1: 1, B3.2: 2, B3.3: 2),
CE Z4o] 5090(C1.1: 1,CL2: 1, CL.3: 1, C2.1: 1, C2.3: 2, C3.1: 15,
C32: 20, C3.3: 9)FTHTable 1). ESF & 7390 3 51olo A DEXA
(Dual Energy X-ray Absorptiometry)S ©]-8-5Fo] 239} 1134 9]
22 & (bone mineral density, BMD) S Z4515].2.0], WHO 7]&"
& 485t T-score”} -2.5 0|511 ++& Ftha-50| EAot= o
© 2 HoJstgth BMD7} 2.5 o]5kQl 72 & 34| 2 FAPHTE,
AZZ} 270l a1, BHAke] H A2 68.5M(55-854)He0,
Bt A 717 2127148 (6.3-63.171 )01 )itk =S BMD -2.5
23] & & 179 2 AL 109, oI 27} 7o)l aL, gHAke] 3
o AP 575M50-TIAD R o0, Bt FA] 717 245704 6.1-
63.771 )| I THTable 2).

e

]
A

ar Jror

2

2. = WY 9 et

g Y2 Al ksl AR A9 A =g o5t
Gtk & 7t =7 (flexor carpi radialis) S &A|5haL 0]9] @=H
= Ot g5 AAE ARG & 2 T &l F2o5in A



Table 2. Dermographic Data according to Bone Mineral Density

Patient data BMD <-2.5
No. patients enrolled 34
Age (years) (range) 68.54 (55-85)
Follow up duration (months) 29.2 (6.3-63.1)

Male : Female 7(20.58%) : 27 (79.42%)
Injuried side Dominant : Non-dominant 21 (61.76%) : 13 (38.24%)
No. Fracture type (AQ)

A(1,2,3) 11(0,4,7)
B(1,2,3) 1(0,0,1)
(1,23 22 (0,2, 20)

BMD > -2.5
17
57.52 (50-71)
23.5 (6.1- 63.7)
10 (58.82%) : 7 (41.18%)
11 (64.70%) : 6 (35.30%)

2(0,0,2)
1(0,0,1)
142,1,11)

No, number; BMD, bone mineral density.

NE A3steeh ¥ 2l (pronator quadratus)s &5 F2F & S46IH & 4o, &F A, 85 A 2

o)A lelsle] 24 B9E wEslo] 2 AP T A & TS Sarmiento 570 F7F S 2-85to] @7 Ao ¥,

£33 g5kt 4~ 5 C-amm fluoroscopy & &ofl ¥4 7+ = T (radial shortening), 8& AFe] &4l vjS 7 AHdorsal

o] Hats| JEw| =R Eelstgon, B4 HrertAlste] 25 tilne] WSt A= E A5t ¢, 4%, BHE T3 B 4t

o2 A5 {A7EE 2 Aol F7HRIK-FAE AR Uieol ookt

o|-gsto] ¢FYE 18-S Aith & ALEE Hel Aol 714 E3F A0 4 3ol met 2R3 AY, BE, C3 Al Adkat

QAR oA = FTHAIAIE ARESHA] oIt & F o ko] mep 253t T-score -2.5 €15}, T-score 2.5 23191 &+

FE] 85 83 oA 2] 252 A S5 Al B D ujoA 43 Aot Y e A5 2T AV & .

A 5Y A U BEE dielglon], & 3 Ed 2253165 5 8 FAH S BAHE HE wSE vl 2Asgl o

¢F SR A1 B e Algstion, dxsto|] Xujr ek 7he] Aike] zfo|E A 0 & v FA ST

Qloff 2|79 -8 =rF Rl A &9 o] Q= 2004 65

H A0 BE 08E AlFSGleh o] ¥ RE 554 o2 WH & 4 EAEE 2

5= olgotg e, W &5 99 STt S F A AOEE RE ¥ =53 ZF A ZHintergroup) 2

& Al Yottt A Aol ] il Chi-square HAS ARSI T, YA
sl 2] 3£9] 7+ Je W (intragroup)ol| A1 2] B 2442 Wilcoxon

3. X|& ZAxnte| "ot B 29 4A8E, 24 A 749 H] = Kruskal-Wallis 478 2

XA A= Green & O'Brien?] modified clinical scoring sys—  Mann-Whitney A& AFRSHITH E414 2 2] SPSS version

tem'”& 0]-83to] F1S5HATE o= B o1, 7152 AH, &5
Bl o) a oot Zhzto] thsf X|off 2534 Fofste] F 100
HoR sio, & HA4E L (excellent, 90-100), ¥F3.(good,
80-89), H5(fair, 65-79), B (poor, <65)2] 4= Lp-o] 7}
skgith E3 942 Al Wt 9 © 2 Demerit point systwm™

11.5 (SPSS Inc., Chicago, 1L, USA)E o] &5l o0, §ol4Hzl
0.05 (p<0052 AA ATk

2 ¥

2 #7140 Abgslgliul, ol % F4 AHOIM 25 2% A4 Green & OBrien®] modified clinical scoring systemel
2o Wk QA A P A L FEe o

f

2 FUH! 7152 Bk PYoR T YL A2

= UEHI =5 =o] itk & H48 $40-3), F2@-9), &

off ox o &
2oy

ZF 1|2 43T o]Ato] 86.3%% 2.1, Demerit point systemOl| A=
4= 509, &3 160, BE 792 &S o)ido] 04%RTt HF F

(10-15), E5(16-26)0] 45522 Uro] F7stelnt. A} o5 Wl FI 7154148, A 628+ 137, 3]€] 789+

S T PAMITA X' dae] gL aE A e AE, 1500 3 92+ 147 o0, wpore] 2 71E90] 944411.3%0] of
2% A9 o WO AT 9 S PAMT ARIE Zgote] IFoilnh 2E 58 9 I kof o2 dAE Zake] vl A
L2 7Zo](radial length), £ JAFHradial inclination), 8% 74§25t EA15H] Zjo|= Ho|z] 923thp>005) (Table 3).

AFzZH(volar tilf), 22 ¢ (ulnar variance) S &35t 1 ¥l H =

Zd
2
SpAbera Wk Au Hel N TaEe @ 4 dglon,



AO classification (n=73)

GroupA  GroupB  GroupC  Total

Green & Exellent 15 4 26 45
OBrien's  Goog 2 1 14 17
Moderate 1 0 9 10

Poor 0 0 1 1

Total 18 5 50 73

Demerit point  Exellent 13 3 33 49
system Good 5 2 10 17
Moderate 0 0 7 7

Poor 0 0 0 0

Total 18 5 50 73

p-value BMD<-25 BMD>-25  Total p-value
0.346 22 13 35 0.758
3 10
1 5
1 0 1
34 17 51
0.364 25 1 36 0.779
5 12
1 3
0 0
34 17 51

The data is analyzed by Chi-square statistical method; n, number of cases; BMD, bone mineral density.

Table 4. Radiological Outcomes at Preoperative Date and Immediate
Postoperative Follow Up

Table 5. Radiological Outcomes at Immediate Postoperative and Last
Follow Up

Radiographic Index Preoperation Immediate postoperation p-value

Radial length (mm) 6.8+4.5 12127 0.042
Radial inclination ()  14.9+8.6 23.2+5.2 0.031
Volar tilt (°) -1.8+12.6 7.9+2.5 0.015
Ulnar variance (mm)  3.2+10.2 0.3+1.1 0.045

Radiographic index Immediate postoperation  Last F/U

Radial length (mm) 12127 119428 0412
Radial inclination (°) 23.2+5.2 23.0+5.2 0.753
Volar tilt () 79425 7.6+26 0.659
Ulnar variance (mm) 0.3+1.1 0.5+2.4 0597

Values are given the raw mean and the standard deviation; The data is
independent T-test statistical method.

Bt F4T 71 B 11253010-209)90 22 doj= &
A Bt 68145 mmollA =5 AF P 121427 mmE
Pon], @F HAZL & A B 149486004 & 25
T 2832452, £S5 BAMES e A B -181 126004 =
A5 PG 79125, HF H9= a5 A Bt 32+£102 mmollA]
e A5 FH 03111 mmE BAK 22 29| oA FgE St
(p<0.05) (Table 4). =& AT} 2|F FAS L Ao A 2 F

3 FAHORE oo} =
AEo] AAg Holx] $otHp>005) (Table 5). 82 40|, 8
A, 2= ZAEe] 24 g 483 Sarmiento 59 7]
o2 Hrist A}, 94 360]], 2 219, BF 16912 ¥ o4t
o] 79.5%% THFigs. 1-3).

AO 24 F574 Al Ad BRolA =5 A5 3l 5H F 2o
(A% 119 mm, Bx-: 111 mm, C= 120 mm), &% AAZHAT-:
236°, Ba: 202, Cit: 23.3°), 745 B AMHAT: 89, Bt 3.2, C
=+ 70) @ HZ QA 02 mm, Ba: 0.5 mm, Co: 0.3 mm)7}
2% FARHQE Zol- AT 118 mm, B 11.1 mm, C: 119
mm/ L& A AT 229°, Bak: 20.1°, Cuk: 23.3°/4742 744k
ZF- At 85°, Bt 13.1°, Ct: 6.7°/2 2 W9 A7 04 mm, B

Values are given as raw mean and standard deviation; The data is
independent T-test statistical method; F/U, follow up.

1.5 mm, Ci: 0.5 mm)oll A = A= QL ot Al et 7k v] o]
M SAH o8 {23t 2foli= HolX| gkeIthTable 6). ERF
TUro] met E55H & A DR & A5 38 oF o]
(BMD -2.5 o5} 113428 mm, BMD -2.5 23} 12.6+2.6 mm),
L AAZHBMD -2.5 0|5} 232+4.6°, BMD -2.5 23} 230+
58), $4Z HAHBMD -2.5 o|st: 74+78°, BMD -2.5 21}
80+73°) ¥ ZZ H(BMD -2.5 ©]5}F: 04+ 1.1 mm, BMD -2.5
Z3F 03+2.1 mm)7F 25 FAHQE Zol- BMD -2.5 ©o|sh
11.0+2.9 mm, BMD -2.5 23} 126+2.6 mm/8Z ZAHH- BMD
=25 0|5} 230+4.6°, BMD 2.5 21} 229+57/48Z A -
BMD -2.5 o]} 72+79°, BMD -2.5 23} 7.8+73%/2Z HY-
BMD -2.5 ©]&}: 06419 mm, BMD -2.5 23} 0.5+2.6 mm)of|A]
T fAE o, & AHe] vl SAEH o2 folgt
2toli= HolX] §hekthp>0.05) (Table 7).

& T AYFOR=HT A e o] 1dlollA &

YA Yot & F 1357 34

-
~

&
A7 Al e
AR, 11014 & T 125 A A 7}
AR T AAS 0] 83 A o4 AlsH

2 mm F= = AR o't 71A1A nhEelgd



A2 ) FETS o] 83O U9] 0 B0 &

Figure 1. A 77-year old woman with an AO type A3.3 extra-articular distal radius fracture. (A) preoperative anteroposterior and lateral radiographs
show displacement of communited fracture fragments. The fracture was classified by using computed tomography scans and plain radiography.
(B) Postoperative, anteroposterior and lateral radiographs show satisfactory extra-articular alignment after application of volar locking plate. (C)
Anteroposterior and lateral radiographs than 12 weeks after surgery show good bony union and alignment.

CHFig. 4. E3 1ol A B4 A1 F40] QGO YT i FAlolth o)l BAL sjRsky H=o] ofzl: HE Fo
o LHEL 71| ol A} Folu] collol ] BEW AT £ HDL §AIB 17k ofRly| WBol] BER X 29 AFRE 7
2 Qlglo BXEo] sl B 0ANUA BT AAE S BB &4 BEA, A4 &4, 24 9% 5 B T3ol
ARSI 1 9] 9%, AR WE A4 BB S, URHT BT S 9onR 430l 447 A 2E 2ok FAoleh”
sk Gmplant failure), YAMS 7 A1 0| B9, 4T L AA  ERHHF 490) B7E ol BE 8T 37U AHE ALgol A
T 5O TYFS WA gkt 55 Bale} S olio] Wate U9) 8F T KR 7
Aol 7718 7)% 815 o] 728 3 ik
s A9] T BHO| SEH AR Yol =4 HE L Fu
K24 044, B4 4% 9 olng 3%, Bed 4% 9 34
B U9) £F BHL wdFolA AoluA] £HO02 F2 W W S Fol Urk™” Krukhaug 5L 75009) 2egA ¢
stol, Rl B4 AuT AT DL ol 8% BEA MRS §] T 2| R o)1y FAF ol ste] A= Ak
o2 vl F AR ANUES HolFL JOR BT Yrh B FAY AT WS- BF 01 mm, 0T FALS FF 23, 5
TEju IO AR AR, EAT W AEE 4 Fo| 1o S BALS BF 20 ATE AL 4 AA, 3] @pelA
Ux) £40.2 Qlste] ARGl MR ool He FoMe  ShRErE B8 oA 2atgom, 13007192 FEF o]
iAW, 36 A 4, 100 8 2ol walsteltkT B sty

S YRk Bl S5k, 919 83 B o
51 2ot

o] ] = ]
A E U 2 F2 24E SR 208/ 0l Skt thoolA Y 9 8o ¥ Ul 24 o AReE 4 Sle 9laL



Figure 2. A 62-year-old woman with an AO type B3.3 partial intra-articular distal radius fracture. (A) Preoperative anteroposterior and lateral
radiogpraphs show extension of communition to radiocarpal joint. (B) Postoperative anteroposterior and lateral radiographs show satisfactory articular
congruity and extra-articular alignment after application of volar locking plate. (C) Anteroposterior and lateral radiographs taken 8 weeks after surgery
show good bony union and alignment.
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Figure 3. A 42-year-old woman with an AO type C3.3 intra-articular distal radius fracture. (A) preoperative anteroposterior and lateral radiogpraphs
show central impaction of articular surface. (B) Postoperative anteroposterior and lateral radiographs show satisfactory articular congruity and extra-
articular alignment after application of volar plate. (C) Anteroposterior and lateral radiographs made 1 year after operation show good bony union and
alignment.
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Figure 4. A 50-year old woman with an AQ type B2.2 intra-articular distal radius fracture. (A) Preoperative anteroposterior and lateral radiogpraphs
show displacement of comminuted fracture fragments and ulnar styloid fracture. (B) After 8 weeks, the fixation with the volar locking compression
plate was satisfactory, but extensor pollicis longus tendon was ruptured by metal irritation. This photo shows extensor tendon being ruptured by screw
at Lister tubercle. (C) Two months after the operation, the plate and screw were removed with transfer of extensor tendons.
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Treatment of the Unstable Distal Radius Fractures
Using Volar Locking Plate Fixation

Eun-Sun Moon, M.D., Ph.D., Young-Joo Shin, M.D., Myung-Sun Kim, M.D., and Sung-Kyu Kim, M.D.
Department of Orthopaedic Surgery, Chonnam National University Medical School, Gwangju, Korea

Purpose: The purpose of this study was to evaluate clinical and radiological results after open reduction and internal fixation of
unstable distal radius fractures by using volar locking plates.

Materials and Methods: There were 73 consecutive unstable distal radius fractures treated by open reduction internal fixation
using a volar locking plate. The mean age of patients was 55.5 years (range: 17-85 years): the study included 41 women and 32
men. The mean duration of follow up was 25.5 months (6.1-63.7 months). There were 18 type A, 5 type B, and 50 type C fractures
by AQ classification. For clinical evaluation, Green & 0'Brien's modified scoring system and Demerit Point system were used. For
radiological evaluation, radiographic index (radial length and radial inclination, volar tilt and ulnar variance) and Sarmiento's Criteria
for Anatomic results were assessed. And, clinical results, the difference of mentioned radiographic index at preoperation, and
immediate postoperative and last follow-up were compared according to AQ classification and bone mineral density (BMD).

Results: Clinical results by the Green & O'Brien's scoring system were as follows: 46 excellent, 17 good, 9 fair, 1 poor by
demonstrating more than good results in 86.3% of all cases. According to the Demerit point system, there were 50 excellent, 16
good, and 7, which showed more than good results in 90.4% of all cases. Bone union was achieved in all cases. Sarmiento Criteria
showed 36 excellent, 21 good, and 16 fair. There were statistically significant improvements between preoperative and postoperative
radial length, radial inclination, volar tilt and ulnar variance (p<0.05), whereas there were no statistically significant differences
between those at immediate postoperative and last follow-up. There were no statistically significant differences in clinical results,
measurements of radial length, radial inclination, volar tilt and ulnar variance between intragroup and intergroup, or in immediate
postoperative and last follow-up according to fracture type and BMD.

Conclusion: Volar locking plate fixation for distal radius fracture offers rigid fixation with insignificant reduction loss. It enables early
rehabilitation and showed satisfactory clinical and radiological results. It is considered as an effective treatment option, regardless
of fracture type and osteoporosis.

Key words: distal radius fracture, volar locking plate, surgical treatment
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