T 3 R R R 2 CE ARBL 21O 546 55 6
- 894 - Journal of Nanjing Medical University (Natural Sciences) 20264F6 H

« W R -
EEBER BRI IR BN LR mAE

Bk AW E, N XEBRRY, BRI, A E, AEART

WL R B NRER &R, LI BT 2120005 270 75 K2FE SR, 75 BT 2120135 ° 7175 K2 @ AN R E B
B IR LT BV 21200083 AR ERE SR LIF Bl 226200

[ ZE] B \HSUE RS A PRSI S0 3 B — R A3 B A Im R 58 U 8L, o BRI R R A 2
HOrAGRE . 755 ARAR BT SR T 7E B B AR IR LU A 19 B IR AR BIIN G0 3 25 A BB, Tl 8 0 8 R P 10
TE SR MRET VR S W AR 1) TR s B ARUERE, TOUR 2R B 7 4 v B 7Y P B0 S R T VR FEE AN 7 ) 3 i s C AU, i BE AT S IR 43 i Al
P A B0t 2 Sk BT VAR RE AN/ 1) S o R [ B B B E 7T B i, USCEE I 4 MT 2017 4 6 H —2024 4F 4 A 82 B i AR
ST 1 796 151 I KB RN S B RCB R ) B T B 0k SR S5 S AR 8 - R FH Bonferroni £ 1F (1915 75 K6 56 2k P4 Mk
B EEES SO B SR T A RUEAT A A A R A e s . SRR SR 1 8T8 SR BEE AR, CL S B 1 1293
(60.1%) a8 364 52 (19.4%) B 137 H(7.3%) B 248 8 (13.29%) , Fe it 11 636 MBUE LIR4T . B R Bk R A RN
22.0%(2 564/11 636) . o, A BB N W, KAEFN14.19%(1 646/11 636); BALIRZ , NT.8%(911/11 636); CEIFE I, N
0.1%(7/11 636) . £5it: AW L T HUERIZ TR F RIS, HENL T EH A3, BBESE L EEE @UE ik
B R EO B E AR R AR 175, R E IR O ARET BRI RN AR R A DI AE LA ROR BB R
S PR T BI T e BRI T T S PR I B ER Y

[RIA] BUEBIEE AR B3 B KIRET: BB B IR 7Y

[(FES%ES] R681.7 [Z@iRERE] A [XEHS] 1007-4368(2026)06-894-09
doi: 10.7655/NYDXBNSN251464

Pseudolock phenomenon in locking plate osteosynthesis: classification and epidemiology
in upper limb

YAO Xiang"?, MIAO Han’, LIU Shengjie’*, SHAO Rongyang’, TANG Yilin*, TANG Jilei*, HU Minjie"

'Department of Orthopaedics, the Affiliated People’ s Hospital of Jiangsu University, Zhenjiang 212000; *School of
Medicine, Jiangsu University, Zhenjiang 212013; *Department of Burn and Plastic Surgery, the Affiliated People’ s

Hospital of Jiangsu University, Zhenjiang 212000; *Department of Orthopaedics, Qidong Hospital of Traditional
Chinese Medicine, Nantong 226200, China

[Abstract] Objective: To clarify the definition of pseudolock phenomenon during locking plate osteosynthesis, propose a novel
clinically oriented classification, and explore the incidence and distribution characteristics of this phenomenon. Methods: According to
the insertion state of locking head screws in the threaded holes of locking plates, the pseudolock phenomenon was classified into three
types: Type A, the screw depth is insufficient, but the orientation is normal in a precontoured plate; Type B, both the screw depth and
orientation are abnormal in a precontoured plate; Type C, the screw depth and orientation are either/both abnormal in an overbent plate.
Demographic and radiographic data of 1 796 patients with upper limb long bone fractures (clavicle, humerus, ulna, and radius) who
underwent locking plate osteosynthesis from June 2017 to April 2024 were collected and analyzed. A Chi-square test with Bonferroni
correction was used to assess the incidence of pseudolock incidences across different genders, ages, sites, sides, locations, and
diameters. Results: A total of 1 878 locking plates were identified in the long bones of the upper limbs, distributed as follows: clavicle
1129(60.1%) , humerus 364 (19.4%) , ulna 137(7.3%) , and radius 248 (13.2%). In total, 11 636 locking head screws placed in these
plates were included in the analysis, of which 2 564 (22.0% ) were pseudolocked. Type A pseudolock was the most common with an
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incidence of 14.1% (1 646/11 636) , followed by Type B at 7.8% (911/11 636) , while Type C was rare with an incidence of 0.1%

(7/11 636). Conclusion: The pseudolock phenomenon in locking plate osteosynthesis is defined and a new classification system is

established. The incidence of pseudolock exceeds 20% in osteosynthesis of upper extremity long bones including clavicle, humerus,

ulna and radius. Mastering the preset insertion depth and orientation of screws for locking plates and identifying pseudolock timely via

tangential fluoroscopy during operation are crucial measures to improve the fixation stability of locking plates.

[Key words ] locking plate osteosynthesis; fracture; locking head screw; locking compression plate; classification
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A-E: Standard and pseudolocked configurations of locking head screws in the LISS. F-]J: Standard and pseudolocked configurations of locking

head screws in the LCP. K-0O: Cross-sectional views showing standard and pseudolocked states of locking head screw placement.
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Figure 1 Schematic diagram illustrating the three types of pseudolock phenomenon
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Figure 2 Distribution of the pseudolock phenomenon in the major long bones (clavicle, humerus, ulna, and radius) of the

upper limb
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Table 1 The incidences of pseudolock across different genders, ages, sides, sites, locations, and diameters [n(%) ]

Variable Screws  Standard locked ~ Pseudo-locked Type A TypeB  Type C Chi-square test with Bonferroni correction

Number 11636 9072(78.0) 2564(22.00  1646(14.1) 911(7.8)  7(0.1) Male Female

Sex
Male 6245  4877(78.1) 1368(21.9) 873(14.00  491(7.9)  4(0.D / #

Female 5391 4195(77.8) 1196(22.2) 773(14.3)  420(7.8)  3(0.1) # /

Age Youh  Middle-aged Old-aged
Youth 2976 2319(77.9) 657(22.1) 427(14.3) 22971 1(0.0) / # #
Middle-aged 6222 4842(77.8) 1380(22.2) 882(14.2) 493(7.9)  5(0.D # / #

Old-aged 2438 1911(78.4) 527(21.6) 337(13.8) 189(7.8)  1(0.0) # # /

Side Left Right
Left 6388  4954(77.6) 1434(22.4) 935(14.6)  496(7.8)  3(0.0) / #

Right 5248  4118(78.5) 1130(21.5) 711(13.5)  415(7.9)  4(0.D # /

Site Clavicle Humerus Una  Radius
Clavicle 6565  5164(78.7) 1401(21.3) 827(12.6) 572(8.7)  2(0.0) / * # #
Humerus 2604 1954(75.0) 650(25.0) 469(18.00 179(6.9)  2(0.1) * # *
Ulna 785 587(74.8) 198(25.2) 113(144)  83(10.6) 2(0.3) # # / *
Radius 1682  1367(81.3) 315(18.7) 237(14.1)  77(4.6)  1(0.1) # * * /

Location Diaphyseal ~ Metaphysis
Diaphyseal 6647  5174(77.8) 1473(22.2) 850(12.8) 619(9.3)  4(0.1D / #

Metaphysis 4989 3898(78.1) 1091(21.9) 796(16.0)  292(5.9)  3(0.D # /

Diameter 2.4/2.7T mm 3.5 mm 5.0 mm
2427 mm 1464  1214(80.9) 250C17.1) 177120 73(6.7)  0€0.3) / * #

3.5 mm 9800  7557(77.1) 2243(22.9) 14240145 813(83)  6(0.1) * / #
5.0 mm 372 301(82.9) 71(19.1) 45(12.)  25G5.00  1€0.0) # # /

*: statistically significant after Bonferroni correction; #: not statistically significant after Bonferroni correction;/: not applicable.
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A-C: Pseudolock phenomenon in the clavicle. D-F: Pseudolock phenomenon in the humerus. G-1: Pseudolock phenomenon in the ulnar. J-L:

Pseudolock phenomenon in the radius. (&) in red, type A. ® in blue, type B. ©in orange; type C.
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Figure 3 Typical pseudolocked cases in locking plate osteosynthesis of upper limb long bones
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A Preoperative X-ray. B: Preoperative CT. C, D: Intraoperative fluoroscopic images. E: Magnified view of the proximal fluoroscopy showing type A

(a) and type B(h) pseudolock screws. F: Magnified view of the distal fluoroscopy showing both screws exhibiting type B (b) pseudolock. G: Photograph

of multiple small incisions from the minimally invasive procedure. H-K: Images showing standard insertion depthand orientation of locking head screws

in the locking compression plate.
E4 16REEEHMEFARBL, KRhRAZANMMIOEST, ZHMLHS &4 TRHIMK

Figure 4 A case of minimally invasive surgery for a humerus fracture demonstrating small incisions and pseudolocked screws

w B ® @

98 / E £ e :
A: Routine anteroposterior shoulder X-ray. B: Photograph of the locking plate. C—=H: Various angled fluoroscopic views of the plate surface, high-
lighting the necessity of multi-angle imaging to verify that each screw is correctly and fully inserted.
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Figure 5 Postoperative images of clavicle locking plate osteosynthesis demonstrating the need for multiple angled perspec-

tives to confirm proper insertion of locking head screws
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A: LHS head flush with the locking compression late (LCP) surface (fibula LCP). B: LHS head slightly protruding from the LCP surface (fibula

LCP). C: LHS oriented completely parallel (tibia LCP). D: LHS oriented with irregular crossing angles (tibia LCP).
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Figure 6 Variations in the preset depth and orientation of LHS
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