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Purpose: This study examined the outcomes of additional medial locking plate fixation and autogenous
bone grafting in the treatment of nonunions that occurred after initial fixation for distal femoral frac-
tures using lateral locking plates.

Materials and Methods: The study involved eleven patients who initially underwent minimally invasive
lateral locking plate fixation for distal femoral fractures between January 2008 and December 2020.
The initial procedure was followed by additional medial locking plate fixation and autogenous bone
grafting for clinically and radiographically confirmed nonunions, while leaving the stable lateral lock-
ing plate in situ. A clinical evaluation of the bone union time, knee joint range of motion, visual analog
scale (VAS) pain scores, presence of postoperative complications, and functional evaluations using the
lower extremity functional scale (LEFS) were performed.

Results: In all cases, bone union was achieved in an average of 6.1 months after the secondary surgery.
The range of knee joint motion, weight-bearing ability, and VAS and LEFS scores improved at the final
follow-up compared to the preoperative conditions. All patients could walk without walking assistive
devices and did not experience pain at the fracture site. On the other hand, three patients complained
of pain in the lateral knee joint caused by irritation by the lateral locking plate; hence, lateral hardware
removal was performed. One patient complained of mild paresthesia at the anteromedial incision site.
Severe complications, such as deep infection or metal failure, were not observed.

Conclusion: For nonunion with stable lateral locking plates after minimally invasive lateral locking plate
fixation of distal femur fractures, additional medial locking plate fixation and autogenous bone graft-
ing, while leaving the lateral locking plate intact, can achieve successful bone union.

Key Words: Femur, Distal femoral fracture, Nonunion, Lateral locking plate fixation, Medial locking
plate fixation, Autogenous bone graft
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Fig. 1. (A) Plain radiographs show an intra-articular comminuted distal femoral fracture in a 56-year-old male. (B) The patient underwent minimally
invasive plate osteosynthesis with a locking compression plate distal femur plate and cannulated screws fixation. (C) Plain radiographs show no
evidence of bone healing 9 months after the initial treatment. (D) Computed tomography images show no evidence of bone healing 9 months
after the initial treatment. (E) The patient underwent additional medial locking plate fixation and autogenous bone graft at the nonunion site and

removal of cannulated screws. (F) Bone union was obtained 6 months later.
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Table 1. Patient Demographics
Case Age . AO/OTA Open . Duratlop of Nonunion Treatment for
Sex  Mechanism e Primary treatment nonunion .
no. (yn classification ~ fracture ol type nonunion
1 66 F S/D 33-A3 N/A LCP distal femur plate (11H)+wiring 9 Oligotrophic  DTMLP+ICBG
2 56 M TA 33-C2 N/A LCP distal femur plate (11H)+ 10 Oligotrophic  TomoFix MDFP+
cannulated screws ICBG
3 47 M S/D 33-A3 N/A LCP distal femur plate (9H) 17 Atrophic  TomoFix MDFP+
ICBG
4 67 M Crushing injury 33-A3 Open type Il LCP distal femur plate (11H) 13 Atrophic ~ TomoFix MDFP+
ICBG
5 44 F T/A 33-A3 N/A LCP distal femur plate (9H)+wiring 18 Oligotrophic  PHILOS plate+
ICBG
6 74 F S/D 33-C2 N/A LCP distal femur plate 1 Oligotrophic  PHILOS plate+
(11H)+cannulated screws ICBG
7 71 F S/D 33-A3 N/A LCP distal femur plate (9H) 12 Oligotrophic  PHILOS plate+
ICBG
8 75 F T/A 33-A3 N/A LCP distal femur plate (9H) 12 Oligotrophic  TomoFix MDFP+
ICBG
9 76 F S/D 33-C3 N/A LCP distal femur plate (11H) 14 Oligotrophic DTMLP+ICBG
10 80 M S/D 33-A3 N/A LCP distal femur plate (11H) 10 Oligotrophic  TomoFix MDFP+
ICBG
1 61 F T/A 33-C2 Opentype Il LCP distal femur plate (9H) 1 Atrophic DTMLP+ICBG

F: female, M: male, S/D: slip down, T/A: traffic accident, AO/OTA: AO Foundation/Orthopaedic Trauma Association, N/A: not applicable, LCP:
locking compression plate, H: hole, DTMLP: distal tibia medial locking plate, ICBG: iliac crest bone graft, MDFP: medial distal femur plate, PHILOS:
proximal humerus internal locking system.
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th(Fig. 1C, D, Table D.
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AlBEQlT 99 HElE AUS AaHe= yS g2t of ol AISHRlAL, o] ¢ R E = Zf3te] o] Fod wfj7iA] 274
5 A2 L S0 P2 Aol HIste] AR L BAPe A FOR APateek BRGAY AL, 2T 25 ¥
2 ]I & A B2 okt B = 25 H9le 9, AlFEst 7 Ak, 559 visual analog scale (VAS),
R4 AREAE AU AR T, WS AT YISO & 5 PITR cfeled E AL FRUL YA A
A AQFRE 2 ofHES & As Fol A9 Wl ol 5 S 4709] w1 EE 712 37Holl A 72 (bridging
BobA Y& 47 24w E A TS ARSI 21 callu)7} SIS T B50] 9l B 710) B4 glo] 97
© g Y=o 1A% F7 FETE TomoFix medial distal ~— AFR5P} 7H5619S w2 Aolstga,” 71% B7H= et
femur plate (Synthes) 5¢]|, proximal humerus internal lock— 2] G4+ 2 = 522 H71ol7] Yol AAE &2 2] F
ing system (PHILOS) plate (Synthes) 31|, distal tibia medial ~ 7} Ad#%]?] Lower Extremity Functional Scale (LEFS)< ©]
locking plate (Orthotech) 39927 &5 ElebE AlFoldl 85k %‘*;}%E}(Tabe 2. BA BAL QEA A
CHFig. 1E, Table 1). o 9 AdH M-S qoFsly] 8) 71&-5A SHdescriptive

& F 27N BEY] G Qo] B ol §A FEAFE  statistics) *}%ﬂﬁt‘a
Table 2. Lower Extremity Functional Scale (LEFS)

Extreme
- difficulty or Quite a bit of Moderate A little bit of e
A unable to difficulty difficulty difficuly o difficulty
perform activity

a. Any of your usual work, house work, or school activities 0 1 2 3 4
b. Your usual hobbies, recreational or sporting activities 0 1 2 3 4
c. Getting into or out of the bath 0 1 2 3 4
d. Walking between rooms 0 1 2 3 4
e. Putting on your shoes or socks 0 1 2 3 4
f. Squatting 0 1 2 3 4
0. Lifting an object, like a bag of groceries from the floor 0 1 2 3 4
h. Performing light activities around your home 0 1 2 3 4
i. Performing heavy activities around your home 0 1 2 3 4
j. Getting into or out of a car 0 1 2 3 4
k. Walking 2 blocks 0 1 2 3 4
|. Walking a mile 0 1 2 3 4
m. Going up or down 10 stairs (about 1 flight of stairs) 0 1 2 3 4
n. Standing for 1 hour 0 1 2 3 4
o. Sitting for 1 hour 0 1 2 3 4
p. Running on even ground 0 1 2 3 4
d. Running on uneven ground 0 1 2 3 4
r. Making sharp turns while running fast 0 1 2 B 4
s. Hopping 0 1 2 3 4
t. Rolling over in bed 0 1 2 3 4

Total score: /80
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Fig. 2. (A) Plain radiographs show an extra-articular comminuted distal femoral fracture in a 66-year-old female. (B) The patient underwent mini-
mally invasive plate osteosynthesis with a locking compression plate distal femur plate fixation and wiring. (C) Plain radiographs show no evidence
of bone healing 9 months after initial treatment. (D) Computed tomography images show no evidence of bone healing 9 months after initial treat-
ment. (E) The patient underwent additional medial locking plate fixation and autogenous bone graft at the nonunion site. (F) Bone union was
obtained 6 months later. (G) Lateral locking plate removal was performed due to lateral knee joint pain.
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