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1 	 | 	 INTRODUCTION

Medial	 open-	wedge	 high	 tibial	 osteotomy	 (OWHTO)	
is	 an	 established	 treatment	 for	 osteoarthritis	 of	 varus	
knees.	However,	several	recent	studies	have	reported	that	
OWHTO	negatively	impacts	the	patellofemoral	joint	by	an	
increase	 in	 its	pressure	and	patella	 infra,	which	 leads	 to	
the	progression	of	patellofemoral	osteoarthritis.1,2

Therefore,	 OWHTO	 with	 open-	wedge	 distal	 tibial	 tu-
berosity	osteotomy	(OWDTO)	has	been	recommended	to	
prevent	 patella	 infra,	 particularly	 for	 patients	 requiring	
large	 degrees	 of	 valgus	 correction.3	 In	 OWDTO,	 the	 tib-
ial	tuberosity	remains	attached	to	the	proximal	tibia,	and	
the	change	 in	patellar	height	can	be	minimized.	Several	
studies	reported	a	significant	difference	in	the	progression	
of	PF	cartilage	degradation	after	OWDTO	compared	with	
OWHTO.4,5 While	there	are	advantages	of	OWDTO,	spe-
cific	complications	have	been	observed.	Tibial	tuberosity	
fracture	is	one	of	the	specific	complications	of	OWDTO,3,6	
and	 it	 can	 result	 in	 instability	of	 the	osteotomy	site	and	
delayed	union	or	non-	union.	A	thinner	descending	osteot-
omy	can	cause	tibial	tuberosity	fractures.	On	the	contrary,	
a	thicker	descending	osteotomy	may	increase	the	risk	of	
fracture	at	the	tibial	shaft	or	lateral	hinge.	Several	authors	

have	 reported	 an	 increased	 risk	 of	 tibial	 fracture	 when	
they	used	a	 technique	 in	which	complete	 tibial	 tubercle	
detachment	was	performed	during	tibial	tuberosity	osteot-
omy.7,8	However,	to	the	best	of	our	knowledge,	the	biome-
chanical	stability	at	the	osteotomy	site	after	OWDTO	has	
not	been	much	investigated.9

This	report	describes	a	case	of	tibial	shaft	fracture	at	the	
osteotomy	site	on	the	tibial	crest	after	OWDTO,	wherein	
the	thickness	of	the	ascending	osteotomy	was	appropriate.	
However,	an	additional	screw	hole	used	for	the	compres-
sion	maneuver	of	the	lateral	hinge	may	have	impaired	the	
mechanical	 strength.	The	 two	 mono-	cortical	 screw	 fixa-
tions	of	the	four	possible	distal	screw	holes	on	the	locking	
plate	 may	 also	 have	 caused	 insufficient	 stability	 when	 a	
lateral	 hinge	 fracture	 and	 an	 unexpected	 fracture	 of	 the	
diaphysis	occurred.	In	this	report,	we	discussed	concerns	
related	 to	 the	 mechanical	 strength	 at	 the	 osteotomy	 site	
after	OWDTO	to	prevent	fracture.

2 	 | 	 CASE REPORT

A	61-	year-	old	man	had	left	knee	pain,	who	did	not	respond	
to	conservative	treatment.	The	preoperative	knee	flexion	
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Abstract
We	 report	 a	 case	 of	 tibial	 shaft	 fracture	 after	 open-	wedge	 distal	 tibial	 tuberos-
ity	osteotomy	(OWDTO).	The	use	of	a	 lag	screw	 for	a	 lateral	hinge	 fracture	 in	
OWDTO	requires	careful	postoperative	rehabilitation	and	follow-	up.	We	discuss	
concerns	related	to	the	mechanical	strength	at	the	osteotomy	site	after	OWDTO	
to	prevent	fracture.
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was	145°,	and	5°	of	flexion	contracture	was	noted.	His	body	
mass	index	was	25.7.	He	had	no	smoking	history.	He	un-
derwent	medial	OWDTO	with	9°	valgus	correction.10 The	
surgical	 indication	 of	 OWDTO	 at	 our	 institution	 was	 as	
follows:	(1)	symptomatic	medial	OA	or	osteonecrosis,	(2)	
varus	malalignment	requiring	valgus	correction	of	more	
than	 10°	 by	 preoperative	 planning,	 and	 (3)	 patellofemo-
ral	joint	space	narrowing	on	radiograph	or	observation	of	
symptoms	caused	by	the	joint.	In	the	present	case,	patel-
lofemoral	joint	space	narrowing	was	observed	on	the	radi-
ograph;	therefore,	we	performed	OWDTO,	not	OWHTO.	
For	distal	tuberosity	fixation,	the	TriS	Medial	HTO	Plate®	
(Olympus	Terumo	Biomaterials,	Japan)	(Figure 1),	which	
has	 eight	 screw	 holes	 and	 a	 5.5-	mm	 locking	 screw,	 was	
used.	Intraoperatively,	a	type	I	lateral	hinge	fracture	was	
suspected11;	hence,	an	additional	lag	screw	technique	by	
using	a	4.5-	mm	cortical	screw	was	applied	at	the	distal	sec-
ond	screw	hole	in	a	distally	oblique	direction	to	compress	
the	 lateral	 hinge.	 We	 used	 two	 bi-	cortical	 screws	 at	 the	
distal	first	and	second	screw	holes	and	two	mono-	cortical	
screws	at	the	distal	third	and	fourth	screw	holes	for	locking	
plate	fixation.	In	addition,	bi-	cortical	screw	fixation	from	
the	tuberosity	to	the	posterior	tibia	was	performed	to	sup-
port	 the	descending	osteotomy	 (Figure 2).	Postoperative	

plain	 radiographs	 and	 computed	 tomography	 revealed	
the	descending	osteotomy	with	an	arc-	shaped	osteotomy	
line	at	the	distal	tuberosity	that	had	been	performed	ap-
propriately.	 The	 additional	 screw	 hole	 for	 the	 lag	 screw	
technique	was	observed	on	the	lateral	tibial	wall	near	the	
second	distal	 screw	and	 the	osteotomy	 line	on	 the	 tibial	
crest.	 However,	 no	 unexpected	 fracture	 from	 the	 lateral	
distal	edge	of	 the	descending	osteotomy	(arc	osteotomy)	
to	 the	distal	second	screw	hole	was	observed	(Figure 3).	
Partial	weight-	bearing	with	the	patient	using	two	crutches	
was	allowed	at	1 week,	and	full	weight-	bearing	was	started	
at	4 weeks	postoperatively.

Although	the	bone	union	had	not	been	observed	yet	at	
2 months	after	surgery,	the	osteotomy	site	had	been	stable,	
and	the	patient's	knee	pain	had	reduced.	However,	severe	
knee	pain	recurred	after	the	patient	fell	3 months	postoper-
atively,	which	posed	challenges	in	walking.	Upon	presen-
tation	to	the	hospital,	1 week	after	the	injury,	a	hematoma	
with	a	late	infection	around	the	HTO	plate	was	detected.	
Moreover,	an	unexpected	 fracture	 from	 the	 lateral	distal	
edge	of	the	descending	osteotomy	(arc	osteotomy)	to	the	
distal	second	screw	hole	was	observed	(Figure 4).	To	treat	
the	 infection,	 we	 immediately	 debrided	 the	 hematoma	
and	assessed	the	stability	of	 the	 fracture	site.	On	the	 in-
traoperative	 stress	 test,	 the	 distal	 fragment	 was	 notably	
unstable	 because	 of	 an	 additional	 fracture	 of	 the	 lateral	
cortex.	The	two	mono-	cortical	screws	on	the	locking	plate	
offered	unstable	support	to	the	distal	part	of	the	tibia;	thus,	
we	removed	 the	plate	 (Figure 5).	Methicillin-	susceptible	
Staphylococcus aureus	 was	 detected	 around	 the	 plate.	
Treatment	with	antibiotics,	debridement,	and	external	fix-
ation	was	performed.	After	treating	the	infection,	Ilizarov	
external	fixation	was	performed	with	using	an	autologous	
bone	 graft	 (Figure  6).	The	 duration	 of	 the	 external	 fixa-
tion	was	7 months,	and	a	low-	intensity	pulsed	ultrasound	
was	also	used.	Bone	union	was	achieved	1 year	after	the	
fracture,	and	the	patient	could	walk	independently	with	a	
cane	even	with	slight	knee	pain	(Figure 7).	Postoperative	
limb	alignment	was	5.5°	valgus,	and	the	range	of	motion	
of	the	knee	was	from	0°	extension	to	95°	flexion.

This	case	report	was	approved	by	the	institutional	re-
view	board	of	our	hospital.	The	patient	was	informed	that	
data	from	the	case	would	be	submitted	for	the	publication	
and	gave	consent.

3 	 | 	 DISCUSSION

Open-	wedge	 distal	 tibial	 tuberosity	 osteotomy	 is	 advo-
cated	 as	 an	 alternative	 to	 OWHTO	 to	 prevent	 patella	
infra.	 However,	 an	 osteotomy	 on	 the	 tibial	 crest	 distal	
to	the	descending	tuberosity	may	impair	the	mechanical	
strength	of	the	tibial	shaft,	which	can	lead	to	fracture.	In	

F I G U R E  1  TriS	medial	HTO	plate®	(Olympus	Terumo	
Biomaterials).	This	locking	plate	has	screw	holes	A	through	
D	above	the	osteotomy	site	and	holes	1	through	4	below	the	
osteotomy	site.	Generally,	screw	hole	1	or	2	is	used	to	insert	a	
compression	lag	screw
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the	 current	 case,	 an	 additional	 screw	 hole	 for	 the	 com-
pression	lag	screw	technique	close	to	the	osteotomy	line	
may	have	increased	this	risk.	In	addition,	it	was	possible	
that	the	two	mono-	cortical	screws	for	distal	fixation	of	the	
locking	plate	offered	insufficient	strength	to	hold	the	dis-
tal	fragment	when	the	fracture	occurred	at	the	distal	tu-
berosity.	Thus,	the	prolonged	bone	healing	was	likely	due	
to	the	instability	of	the	osteotomy	caused	by	the	fracture	
of	the	tibial	tuberosity.

In	this	case,	a	type	I	hinge	fracture	was	observed	in-
traoperatively,	and	the	cortical	screw	was	 inserted	 in	a	
direction	that	was	different	from	that	of	the	usual	lock-
ing	screw	to	compress	the	lateral	hinge.	This	procedure	
may	have	further	increased	the	risk	of	fracture	by	creat-
ing	another	hole	at	the	lateral	cortex	near	the	distal	sec-
ond	screw	and	the	anterior	osteotomy	site.	Although	the	
compression	lag	screw	technique	is	useful	for	the	reduc-
tion	of	displaced	type	I	hinge	fractures,	using	the	same	
screw	hole	as	one	of	the	locking	screws	is	suggested	to	
avoid	creating	another	screw	hole	on	the	 lateral	cortex	
of	 the	 tibia	 and	 to	 prevent	 the	 unexpected	 fracture.	 In	
addition,	 a	 type	 I	 hinge	 fracture	 may	 provide	 a	 more	
unstable	situation	in	OWDTO	compared	with	OWHTO.	
The	 use	 of	 a	 lag	 screw	 for	 a	 type	 I	 hinge	 fracture	 in	
OWDTO	 requires	 careful	 postoperative	 rehabilitation	
and	follow-	up,	and	further	studies	would	be	required	to	
evaluate	the	biomechanical	effects	of	lateral	hinge	frac-
ture	in	OWDTO.

Mono-	cortical	screw	fixation	for	 locking	plates	 is	per-
formed	when	there	are	several	screw	holes	far	from	the	os-
teosynthesis	site,	which	is	also	adopted	in	OWHTO	using	

F I G U R E  2  Radiographs	
after	open-	wedge	distal	tuberosity	
osteotomy	(postoperative	6 weeks).	(A)	
Anteroposterior	radiograph.	Mono-	
cortical	screw	fixation	was	performed	
at	screw	holes	3	and	4.	(B)	Lateral	
radiograph.	Additional	bi-	cortical	screw	
fixation	from	the	tuberosity	to	the	
posterior	tibia	was	performed.	(C)	Whole-	
leg	standing	radiograph.	The	hip-	knee-	
ankle	angle	was	corrected	from	4°	varus	to	
5.6°	valgus

(A) (B) (C)

F I G U R E  3  Three-	dimensional	computed	tomography	image	
after	open-	wedge	distal	tuberosity	osteotomy	(postoperative	
2 months).	Asterisk	shows	the	hole	of	the	lag	screw.	The	fracture	
line	can	be	observed	from	the	hole	of	the	lag	screw	to	screw	
hole	2	(arrows).	No	fracture	was	observed	along	the	edge	of	the	
descending	osteotomy
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a	 long	 locking	 plate.	 Meanwhile,	 deep	 peroneal	 nerve	
injury	 has	 been	 described	 as	 a	 complication	 of	 OWHTO	
with	a	locking	plate.12,13 To	avoid	this	risk,	mono-	cortical	
fixation	 of	 several	 of	 the	 distal	 screws	 is	 recommended.	
Finite	element	analysis	of	mono-	cortical	fixation	for	three	
distal	screws	(2,	3,	and	4)	of	the	locking	plate	showed	no	
impairment	of	biomechanical	stability	as	compared	with	
bi-	cortical	fixation	for	all	four	distal	screws	in	OWHTO.14	
However,	 the	 mechanical	 properties	 of	 the	 tibia	 after	
OWDTO	 are	 different	 from	 those	 after	 OWHTO,	 partic-
ularly	 the	 anterior	 osteotomy	 line	 that	 is	 located	 on	 the	
diaphysis	 in	OWDTO,	while	 it	 is	 located	on	the	metaph-
ysis	 in	OWHTO.	To	the	best	of	our	knowledge,	no	study	
has	presented	any	 investigation	of	 the	stability	of	mono-	
cortical	 fixation	 of	 distal	 screws	 in	 OWDTO.	 We	 ascer-
tained	 that	 if	 the	descending	osteotomy	was	 thicker	and	
the	 direction	 of	 the	 osteotomy	 was	 turned	 to	 posterolat-
eral,	 the	 lateral	 distal	 edge	 of	 the	 descending	 osteotomy	
would	 be	 closer	 to	 the	 distal	 second	 screw,	 which	 could	
present	 risks	 for	 accidental	 fracture	 between	 the	 two	
points.	When	there	is	a	fracture	in	that	area,	mechanical	

stress	may	be	concentrated	in	the	distal	 third	and	fourth	
screws,	 which	 is	 distinctly	 different	 from	 the	 situation	
in	 OWHTO.	 Mono-	cortical	 screws	 in	 these	 holes	 would	
be	 insufficient	 to	maintain	the	stability	of	 the	osteotomy	
site.	All	of	the	bi-	cortical	fixations	for	all	four	distal	screws	
may	be	recommended	in	OWDTO.	Further	biomechanical	
studies	should	be	conducted	to	determine	the	differences	
in	 stability	 between	 bi-		 and	 mono-	cortical	 screws	 at	 the	
distal	tibia	in	OWDTO.

Open-	wedge	 distal	 tibial	 tuberosity	 osteotomy	 has	
been	drawing	attention	as	a	valuable	surgical	option	for	

F I G U R E  4  Three-	dimensional	computed	tomography	image	
after	open-	wedge	distal	tuberosity	osteotomy	immediately	prior	to	
the	second	surgery.	An	unexpected	fracture	from	the	lateral	distal	
edge	of	the	descending	osteotomy	to	the	distal	second	screw	hole	
was	observed	(arrows)

F I G U R E  5  Radiographs	obtained	3 months	after	open-	wedge	
distal	tuberosity	osteotomy.	The	patient	was	diagnosed	with	a	tibial	
shaft	fracture	with	surgical	site	infection	triggered	by	a	fall	((A)	
anteroposterior;	(B)	lateral)

(A) (B)

F I G U R E  6  Postoperative	radiograph	of	Ilizarov	external	
fixation	with	autologous	bone	graft	((A)	anteroposterior;	(B)	lateral)

(A) (B)
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osteoarthritis	 with	 varus	 knee,	 especially	 for	 patients	
with	 patella	 infra	 or	 patellofemoral	 joint	 degenera-
tion.4,5,15,16	Its	difference	from	OWHTO	is	the	descending	
osteotomy	at	the	tibial	tuberosity.	Concerning	the	above-
mentioned	complications,	if	a	lateral	hinge	fracture	oc-
curs,	the	compression	lag	screw	should	be	inserted	in	the	
same	direction	as	the	locking	screw,	and	the	use	of	a	lag	
screw	in	OWDTO	requires	careful	postoperative	rehabil-
itation	and	follow-	up.	Bi-	cortical	fixation	may	be	recom-
mended	to	be	performed	at	 the	distal	 tibia	 in	OWDTO.	
In	addition,	care	must	be	taken	to	prevent	cutting	in	the	
posterolateral	direction	in	the	descending	osteotomy	to	
preserve	 space	 of	 the	 lateral	 tibial	 cortex	 for	 distal	 bi-	
cortical	screw	fixation.
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