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SAGITTAL ROTATION WITH TRANSLATION IN OPENING WEDGE
OSTEOTOMY FOR THE CORRECTION OF THORACOLUMBAR
KYPHOTIC DEFORMITY IN ANKYLOSING SPONDYLITIS

Kao-Wha Chang, Hung-Chang Chen, Ying-Yu Chen, Chien-Chung Lin, Hsiang-Lan Hss, You-Hong Cai

Purpose: Surgeons recognize displacement at the hinge of correction in
opening wedge osteotomy (OWO) as an accidental and unwanted event between
the vertebrae on the side of OWO rather than sagittal rotation with translation of
the cranial or caudal vertebral column. No report documents sagittal translation
(ST) in OWO to treat AS kyphosis. The purpose was to document the frequency
and nature of ST during OWO and to consider its implications, predisposing
factors and complications.

Methods: Radiographic and clinical results of 127 pati
¥ range, 17-49 yr) undergoing OWO for AS kyphosis were analyzed. ST was
displacement of more than 2 mm between the cranial and caudal vertebral
colums at the level of OWO. Mean follow-up was 5.1 yr (range, 2.1-8.9 yr).

Results: ST was demonstrated in 27% of patients. In 94%, the apex of
kyphotic deformity was between T11 and Ld. Incidence of ST was positively
correlated with the correction of lumbar lordosis and preoperative lumbar
Kyphosis. Incdence of neurological complication was 15% (5/34) in the group in
presence of ST compared to 2.1% (2193) in absence of ST.

Conclusion: ST is one of the basic mechanisms of correcting sagittal
imbalance by OWO. ST is more likely to oceur when the level of OWO is closer to
the apex of the deformity. Patients necding more correction of lumbar lordosis to

s (average age, 35.2

approximate the best possible correction of sagittal imbalance need ST more so

than others to join the mechanism of correction by OWO. Pediculectomy to

prevent nerve root compression is recommended to be performed as a routine
procedure before the correction maneuver for patients predisposed to develop ST.
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INTRODUCTION

Ankylosing spondyliis (AS) causes one of the most
disabling defornities seen by orthopedic surgeans. Iis
eharacterisie spinal deformities are flatening of the
normal lumbar lordosis and an increasing. smoot
oracic kyphoss i which the patients head and neck are
Ghrust farward. Occasionally, flexion at  the
cenvicomoncic jonction incresss. Eventualy the whole
spin undergoes bony ankylosis. This deformed posturs i
ot iy functionally disabiing but also pychologicaly
dachin.

I 1945, Smith-Petersen et al devised spinsl
osteotomy by which the spine i hyperexicnded in the
Jambr regon, enabling the pasent 1 see suigh ahe
Sinc thn, many surzcons have atempted the operaion
 Begianing in 1993, we have applid opening wede
ostotomy (OWO) to corect the kyphotic deformity in
poiens wih AS i improve heir function. Many puinis

developed sagtal ranslaion (ST) in adidion t0 sagical
otaion of cranil or cachl vrtbri

colum at the evel
OF OWO during the comective procedurs (Figures 113
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Fig 1:Mechanisms of concetng saital imbalance in AS
Kyphoss by OWO. Top (A). one mechanism i
Sagial totton (SR) of the cranial andlor caudal
ertcbal column to creste 5 compensatory e
Jordoni with  poseio closing wedgeandan antrior
opening wedse. Botom (8). anothr mechanis s
sagita ianslaion (ST) of the crsnisl or caudl
et ol n sddiion to gl rortion

Fig. 2 Radiographs in & ptient with kyphests due t0 AS
before (A) and sfter (B) OWO 1o correct the
deformiy, Mechanis of corection appears o be

gital otation with translation of the cranial

Vet oo,

Fig 3¢ Rauigraphs in anber patent with kyphosis due o
AS befure (A) and afer (B) OWO o correct the
dcTormity. Mechaniam of coreston sppes 10 be
il ntion with ealton of e sl vebral
Column,

We found
cincal meaning is poorl nderstond.

Our purpose was to docament th accurrence of ST
during OWO to et kyphotic deformiy i patents with
AS and also 10 estimate the frequency of ST in such

report of this phenomens; consequendy s

patcnts,dein isnature,considr it mplicatons in s
procedure and identfy the predisposing factors, the
incidence of complications associated with it and
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MATERIALS AND METHODS

Between 1993 and 2002, 127 paties with AS and
fied kyphorie deformity underwent OWO to correct
Kyphosi. They incuded 101 men and 26 women with 3
mean age of 35.2 yr (rane, 1749 yo). The chief
complain of most patiats was ther imability t look
strsight sbead or i flt Kyphotic deformity esticted
heir interpersonsl communication and sciviy, such a5
drving 3 ca, walking, and shaving. Some patents with
severe kyphotic deformities had compression of the
abdominal viscera and indigestion. Others had significant
peyehosocial impsiment.

Their clinical records were reviewed for
demographic data and complications. Patients with
follow-up longer than 2yt answered 3 modified Soliosis
Rescarch Society (SRS) antcome questionnze'at fnal
folow-up.

Standing anteroposteror and lueral adiographs.
were obuained before and after surgery. Sagittal
measarements were made on 36-n sanding aers views
of the entire spine abtined with the patiens hips and
s flly extended. Sagital offet was messured s the
horizontal distance between the C7 sagital plum line
and the postrio sacal rominence. Cobib messurements
o thoracic kyphosis (T3-T12) and lombar lrdosis (L1
L5) were recorded. Ta cvaluate the effect of the

magnitude of corrcction an the incidence of ST,
conection rlated to lmbat Tordosis nd segical
werecaluled.

AS kyphosis is 4 round kyphosis. However, a
portion of curve always his & grester angles this is the
apex of deformity. The type of kyphosis was classfied
according o the Tocaton f the apex: Tt was thoracic
betmeen T3 and T thoracolumbar, between T11 and
Lt and b, beween L1 and L

ST was determined by compring preoperatve snd
postoperative scanding lteral rdiographs. ST was any
measurable displacement more than 2 i between the
posterio inferor edge of the cranial vestebral body and
e posterio superio edge o the caudal vercbeal body at

sance

Sagital Rotation with Translaion in Opening Wedge Osicotomy

he level of OWO,

Sttistica anlysis was done by using the Spearman
corelation cocficient, an wnlysis of variance, mliple
lincar regression, snd & measurement of sgreemen
(onighted Kapps e

Surgical Technigues

All procedures were performed by monitoring
somatosensory evoked potentials. Under general

anesthesia, paients were placed prone on an operating
{able fexed in a reverse V shape. The lumbar spine was
expased through a midline incision. Subperiosteal

dissection was performed 1o expose the posterior
clements as far Jaterally as the transverse processes.

Pedicl serews were insered into severs segments sbore
and below the osiotomy level

“The ectnigue for OWO was basicaly that described
by Smilh Petrson e al. The preferrd sie was distal 0
the first lumbar vertebrsand wsally between th second,
and third lumbar veriebrac because the spina canal s
elaivly spucious a this leve, helping o prevent cord
njury: This site was o fa enough from the saerum o
llow the appliction of the interal fxasion device. An
blique csteotomy was made i the spinous proceses e
Jevel shove and below the cenral verteba, Ostsatomy
Wi emoval ofthe bony lements delincated an opeing
equal (0 the height of two vertebral bodies and wide|
enough (0 incloe the facet oints. The spnal cansl was
enlarzed proximaly and disaly o permi noduction of
he tp of the Hcle finger. The bone was carcully cut )
avoid bone spicules and 1o protect the nerve tisue from
damage. We avoided compression of the nerve roots
during corection and remaved enough bone from the
apposing pedicls 0 ensur that he nerve ruots were ot
pinched o the osteotomy ws closed,

Fracture of anterior vertebral column usuly
occurred by gravity of the patients trurk or by light
pushing an the back after ostcotomy. The audibi crick
was related 10 the fracture of the calcified saterior
Tongitudina ligament. When fracture did not oceur,a
Tluorascopically guided osteotome was cautiously
punched through the disk at the osteotoms level fo
penetnte the aneror longitudinal ligament bilaerally, A
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Jhe pash on the patiens back casily accomplished the
fracure. Sudden force was avoided during cortecion.
Flevation of the head and pelvic ends of the operatng
(bl cased the spine o hinge at the osteatomy level,
Closing of the lteral oseotomies and shortenin o the
vertebral canal opening were observed. This was
mportanttoensure that the it of evenual closure, about
hich correction would occur. was anterior o the
ostcoromy site The cauda cquins relaxcd s the spinsl
coumn was extended and the osteotomy cosed. Aftr
comecron,rsected bone was itroduced on the ra bone.
sacfaces inthe form of cancelows b chips

“The sim of OWO was 1o schieve the best posible
sagital balance, While we closed the osteotomy, the
comection proceeded unil the paient’s shoulder reached
e same harizontal line as that of the pevis. Thus, we
could approximte the C7 plurb line t0 SI. Afir we
confirmed that the exiting nerve roots were free, we
sabilized the pedicle screws. A wake-up test was
petormed during closur o ll pints.

Postoperative Management

Patents wereallowed o st up in bed 24 hours afer
surgery, and they wee allowed to ambulate with
cusom-made plastic thorscolumbosacral onthosis after 3
dsys. The othosis was used for spproximately 3-6
months.

RESULTS

(OWO was performed between the first and second
fumbar verihrac in cight patents, berween the second
nd i b vericbrae in 112, and besween the third
and fourth lumbar vertebra in seven. Table 1 lists the
rdiographic results. Thiry-four (27%) of 127 patints
i ST, which involved the cranial vertbrslcolumn n 32

il 1. Radiographic Data

I n

Fis - Bar graph shows he proptions of each deformity
ype i the 127 ptentsand th incidence of ST of the
propartion. Lumbar ype, and to 3 lesser exient
thoracolumbar e, had 0 ncreasd ncdence of ST

and the candal vertebrl colum i o,

“The incidence of ST depended on the type of curve
bserved preoperatively (Figure 4). The lumbar type
accounted for deformities in 15 of 127 patiens. About
60 of parents with umbar type deformity b ST. The
thoracalumbar type accounted for deformities in 65
patients. 34% of whom had ST. The thoracic type
sccounted for deformities in 47 patients, 6% o whor hd
ST. OWO at ar near the apes of deformity secmed ta
increasethe possbilityof ST during corecion

The absolute value of the preoperative and
postoperat
postoperative Jumbar lordosis, and magnitude of
comection of ssgtal imbalance did not influence the
incidence of ST. Linear regresion analyss showed that
the magnitude of correction of the Jumbar lordoss and
the value of preoperative lumar kyphosis did influence

- thoracic kyphosis, ssgittal balance,

the incidence. As the amount of correction of lumbar
lordosis incressed. so did the incidence (Figure 3),

Dux Freopersive

Cormetion

Thoracic kyphosis (7 362 16,6567
Lumbar lordosis () 1211 (261 10)
Stgitalimbalance (mm) 1442 5 (93:274)

5413 0571)
312 1302:50)
32801368

Notapplcable
22112068
0724140213

Dot e mean & Sandard eviaion (range)
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Fig. 5 Lincar regression showed it the incidence of ST
incrsassd s he amount of corecton of lembir
lacdosis fncressed. Incidence was the pumber of
patents with ST in the range of corrction with
crements of every 6 diided by the sumber of
tents o e range ofcorection i cremeats o
s

Likewise, 2 the shsolue valu of preoperaive lumbar

Kyphosis increased, th incidence incressed a5 well

(Figue ).

Inthe tiny-four pasents with ST, lineas regession

i no fnd elationship between the magaitude of ST

and preoperative and postoperaive thoracic kyphos's

tumbar lordosis, sagital offset. and the magnitude of
correction of b oedoris and sagtl offset

Complications

Tuble 2 shows the complications. No vascular
complicstions were noted. Eleven dural tears occurred
urin sorery while the osifled lgameatum favum was
isected away from the midline before the stcotomy
was extended and when the dura was adheren 1o he
Higamentum and could ot be searated. Tn o cases, the
dura wes sturd, and i the othr ine, Spongostn was
placed on it. The patients recavered unevenfully. In
patents undergoing OWO without ST, postoperaive

Fig 6 Linea csression shows that he ncidence of ST
increaid a fh vl of preogeratvcTmbar yphoss
incessd. Tnidence e the bt of patte with
ST inthe range of ambar yphosis with incementsof
every  dividd by he mmber o paints b th e
s kyphoss wihnerements of ey 6-

preamonia ocsurred in two without ST, and superfical
infectionoscured in two, Inthose wndergoing OWO it
ST, postoperative pneumonia occurred in one, and
Superficil infection. in one. All esovered withou
adverse tfcton the fal result.

No permanent neveologic defiits were diretly
eferable o the ostotomy. bu seven patients had ey
postopertiv deficis. Al two OWO without ST. e
OWO with ST) b a ek qusdiceps on one sde. Nons

Tible 2. Complications

Compiaion  OWO wilhou ST OWO Wit ST
=99 =3
D aceraion 5 3
Pacumonia 2 1
Supetcal infection 4 o
Trnsintrdicalopahy 2 H
Nouusionfodbuoken 3 '
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Fie T Complictions, (A) Rarely, e oot s compressed
by padcle n the neualforamen without diplacement
and roaton of a verisbra. (1) A pedice can ip &
nerve vt due o verebra dislacement and roadion

of these neurologie deficits was predicted by the

introperative somstosensory-evoked potenials. Deficis

e deteted by means of an intraoperative wake-up et

in two patents and mmedite postoperatve cxamination

in fve. Inidence of neurological damage was 15% (S734)
in the group with ST compared 1 2106 (293)inabsence
of ST. Two patients without ST and one with ST had
nearologic complicaion due to nerve root compresson
by remaining lumina. Four patiens with ST had a weak
uadriceps due to erve rootcompression by  reaiing
pedicle (Figure 7). All seven ultimately tesponded to
additional central canal enlargement or complete
pedicictomy and recovered. These OWO-without ST
ptents and one OWO-ith ST parent hd nonunion and

u broken rod t the ostcotomsy sit they underwent

tevision and ealed uneveattuly

SRS Outcomes Dara

“Table 3 shows scores from the modificd SRS
auesionnaie, which did ot ife between the groups.

DISCUSSION

AS kyphosis is best corrected with Tumbar
ordosting ostcotomy, as thoraci correction is strongly
Hinited by ankyloss o th costovertebral jonts. Overs

comection i greatest with a lumbar intervenion. The

Table 3. Modified SRS Outcomes Instrument Scores

Domsin Patients wilhou,_Patients Wil

st st
0= =3

P 3252071 4122081

Selfimsgelsppearsnce 4112051 401 2044

Functionfcrvity 395405 4015045

Menial halth 3975055 37074

aisocton withsurgery 4652055 4552038

ot are the mean = sandard deviation

selutvely narrow thoracic spinal canal renders the
midthoracic spinal cord more vulnersbl to perioperuive
injury than the caud equina n s spacios spinal canal.

WO is limited osteotomy invovling anly the
posterior clement. Correction af kyphotic deformity wis
achieved by mving the table from th fexed position to
more neural algnment nd by forceful manual extension
af the fumbar spine 1o close the posteror edge. This
manipulation disrupied the vertebeal column and the
amerior longitudinal ligamen, souting the cranial or
caudal vercbralcolumn in the sagtal plane 10 rest n
anterior monosegmental intervetehral opening wedze
with hinge at the posterior dise edge it the leve] of WO
and  compensatory lordosis of lumbas spine. However,
ihe hinge i ot fied: instead, i s eactured and fre 1o
side. The cranial or caudal sertebral column might
develop sugittal translation st the hinge o improve
sagital blance i corection achieved by inial closing
the posterior wedge is not enough or adequate to
approximate the best possile sogital balance. ST is an
efecive mechanism o improve sagital balance. & few
millimetes of isplacement i the hinge due 10 ST may
scquire & few centimeters of correction for sagittal
imbalance

Sagital roation of the cranial/cauds vertebral
colarn a he inge of osteotomy is known 0 be the main
mechanism of coreeetion of sagittal malaligment by
WO, Most surgeans recognize the dislacement at the
hinge a5 an aceidental, unwanted event between the
vertebrae by the side of OWO rather than ST of the
eranial or caudal vertebral colomn, I fct, ST s one of
the basic mechanisms by which OWO corrects AS
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Kkyphosis, We have documented previously unrecogized
ST in OWO for AS kyphotic deformity. Twenty-seven
percent of aur 127 consccuive patiens presentin for
WO deseloped ST during correcive pocedures.

OWO divides the ankylosing spine ino cranial and
caudil vertebral columns, Howerer, the curvatures and
i ofthe v versbrsl colums are o the same. The
greater he diferece between these feaures of the (o
columns, the greater the likelihood of ST. Because the
WO was performes in the lumbar spine, the cranial
columa had a rotating radius longer than that of the
coudal column, OWO at or near the spes ofthe deformity
esuled n the largest diference beween th cursaure o
the two vertbral columns and the increased incidence of
ST, In 945 of our ases it ST occurre when the apex
was at the lumbsr or thorscolumbar region (T11-L4)
(Figure ).

Patients who need more correction of lumbar
Tordosis o spproximate the best possble correction e
ST more t fin the mechanism o coreetion by means of
WO in addition to the iniia closing the posterior
wedge. Tn our stdy, as he magnitude of correcton of
umbar lordoss incresed, the incidence of ST incressed
(Fgure ).

I paicnts with AS-related lumbs kyphsi, the
ape of deformiy s sually a o nca the evel of OWO,
“These patents typically need more comection of lumbar
lordosi to approximate the best possible correcton and
are thus precisposed 1o deelop ST during the corection
Figuee ).

Linear regression did not fid relaionship between
the incidence of ST and preoperative sagital offset and
magitude of corection o sagital offset. We blive s
because sagital offet i depend on th angle of kyploss
s well s the trunk beight which s variable, A tal patent
‘with a small yphosic angle may huve 4 uge magnitude
of sagittal offset, but only small amount of angular
cormection i required for optimal correction of sagtal
imbalance. SR is cnough for the comecdon and ST docs
ok ave  chance 0 join the mechanis of corection.

o the 34 pasents ith ST, inar regression did not
find relationship betseen the msgaitude of ST and
preoperatve angle of yphosis and sagital offset, and the

magitude of comestion of lumbar lordosis and sagital
offet W believe it is because SR i he main mechanism
of conecion by OWO, The magnitude of ST depend on
how much comection has ben secarplished by the main
mechanism, which i vaiabl.

‘Altsough ST of the cranial veiebral column s more
amensble than ST of the caudal column o the correction
of sagtal imbalance because of s longer radius, both
colums on th side of OWO can develop ST, depending
on which is manipulated more for best possible
comection.  tis seres, comection usually involved the
patient's shoulder, which was manipulated and raised
more than the pelvs o reach the same horzontal level
Theretor, the craial column genceally developed ST.
“Two patiens had ST of candal vercbral column. In both,
the pelvs were manipulated and raised mor thin the
Shoulder during corsection because the placement of
airway wbes had prevented us from elevating the
Shoulder

“The mechaism of comecton by OWO s SR slone
ora combination of SR and ST. Both mechanisms sim for
e st possible cortection of sagital malalignment in
AS ptients. The distance between the spex and the sic
of osteotomy, the magnitude of correction of lumbar
Tordosis and the lumbar predominant kyphosis are
important determinants of the mechanism of conecton
by OWO. In adition, how the surgeons manipulate the
cranialsnd candl colums,the resisance snd fiction st
the hinge and the clastcity and tension of soft tssue
around the site of osteotomy ase other probable
determinants but dificul o analyze. We belive ST
wavld join the mechanism of correction by OWO
‘whenever the main mechanism (sagical ottion) is not
enough or adequate fo an optimal corecton and it can
ot be avided without  fed hinge by OWO.

‘The recognition of ST in OWO for AS kyphotic
deformity has imprtant implicatons. The language of
deformity corsecion (opening wedge, closing wedge)
must accommadate ST. Furthermare, ST must be
apprected when OWO is used 0 trat AS kyphoss and
when the estoraton o saitalaligament s inerpreted. [
o scem untenabi o report that OWO ereases lumbar
Tordosis (o correct sagital imbalance but does not
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carfully control fo th occurence o ST. The corolary
assumption is that OWO is desigaed to improve the.
sagital misligoment and posure deit esuling from
AS by SR t create  compenstory umbar ordoss with
a posteio closing wedse and an anteiosopening wedge.
Howeve, we found that an improvement in sagital
balance in a emarkably similar proportion of patents
with AS kyphosis (27%) was due 10 anolher mechanism
of deformtycomecton with OWO i sddiin t SR, that
ST

Rupture of the ot o its branches s associted
withredced elasiity of the ot wall in older patents
a1 3 sharp lordotic angle s elongaton of the anteior
columa. Although this risk is small, it cannot be
fgnored Vascular njry i rporied when the opening
wedge is perforied at L1-L2 o L2.L3 ” OWO causes
he dora appesite theanteior opening wedge 0 sustain 4
sretch during correction. OWO with ST therefore
subjects the aorta to an anteriorly directed force in
addition to stretching. Therefore, avoiding spike
ormation a the anteior edge of the apening wedge is
iially important t prevent  penctraing njry of the

Many have used OWO in which the spine is
osteotomized through the posterios clements and
comected by means of diret pressare on the ostotomy.
it The patien’s upper body and legs are extended to
form & hllow caviy betwen the veatral runk and the
surgical tabl, and the pressure causes the ossified
anterior vertebral columnn 1o fractur, This often oceurs
with a sudden snap, which suldenly steches the sorta
opposite the anterior opening wedge. The osteosass thus
erated might svuls  bone [ragment from the vriebral
body 0 form & spike, which coul njue the aora while
e antrior wede is pened. Inour patents undergoing
OWO, the osteoclasis vsually occurred at the
intervetcbral disk at the level of asteotomy during
poseror osieoomy with gravity o the patents runk or
With light pressure on the site. If the ossfed anterir
vertebral column ws 0o hard (0 be ractured by light
prssire,  foroscopically guided osteotome was placed
through the intervetebral disk at the level of the
osteotomy. Then, osteoclasis was formed by gentle

manipultion. The osteoclsis thus formed occurs t the
anteior dik space. Corection shovld ot be strted
without fist ensring osteoclss: t s then ccomplished
by . slow and finely controlld closure of the oseotomy.
s the posterio wedge i closed, corrcton oceus in he
antrior vertebral colurn with apening of the anterior
sk spac, without any avalsed bone fragment to form &
spike. None ofoue paiets had vascularjury.

We obsered no significant difference among
complicaions other than nearologic deficits. Thre s &
igniicant isk (215 VS 15%) of nerv roat iy i
patients with ST. ST poses a risk of neurologic
complications due to displacement and rotation of o
verehral bods: Compression o 4 doralnerve oot by the
Jamina can resalt from closure o the cstotomy. Enough
Vamina should b removed o prevent is complicaon. A
nerve raot can also be nipped by pedicle due o
dispacement and rotion of  verebrae (Figure 7). Four
of five parents with neuroloic deicis amang those with
ST had root compression due o remining pedice This
inding emphasizes the importance of examining the
nerve oot during surgery after corecion and adequste
pediculectomy. Because pedicaleciomy is diffcul 1o
pecform e SR with ST. We suggestpediculectomy s o
foutin procedure before the corrective maneuver for
pasens wheareprdisposed o devlop ST. (.2, ptents
with  predominant lumbar kyphosis o paients who need
more correction of lumbar lordosi (o abiain optiml

ST significantly increased the incidence of
neurologic deficits. Fortunately. all patients with
neurologic defcts responded wel o promp newrologic
decompresion and recovered without adverse eec on
the fnal result. Outcome analyss showed o significant
ifference betwoen ourtwo groups.

Our observations ave limitatios. The defintion of
ST a5 more than 2 mum of displacement between the
cranial and caudal vertebral cfumns ot he e of OWO
s ot been eported and must b sandardized. Allbough
efinition bias might e the eltve frequencis. it docs
ot chunge our observation that ST is  basic mechanism
of comecing segital blance by OWO.

ST must be considered when OWO is performed
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‘manage kyphotic deformiy in ptints with AS and when
the importance of resoring Jambar lordosis t improve.
sagital balance is discussed. The nosclogy, deinton,
and epidemiologi study of ST in OWO: the asscisted
complictions due to ST; and the disincton between
displacement between the vertehae on the side of OO
and ST of the verebra column must be reconsiderd in
High of the present bservations.
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