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ABSTRACT

OgJecTIVE: To analyze the efficacy of the method for selecting the distal level of fusion in treatment of thoracic
hyperkyphosis in patients with Scheuermann’s disease. BAckGrounD: The fusion area needs to include all the
kyphotic deformity in Scheuermann patients; however, precise levels of the distal fixation have not been deter-
mined yet. STupy DESIGN: Retrospective cohort review. MATERIALS AND METHODS: Thirty-six patients were oper-
ated in the Department of Children and Adolescent Spine Pathology between 2007 and 2010. These patients were
divided into two groups: in group I (n =29) a lower instrumented vertebra corresponded to the sagittal stable one
and in group II (n = 7) - this vertebra located proximally. ResuLTs: The mean preoperative kyphosis was 79.3° =
11.6°, the postoperative —40.6° + 11.9° (correction of 49.9%), loss of correction was 4.9° + 7.0°. Sagittal balance
changed from —0.3 + 3.2 cm before surgery to —1.7 = 2.1 cm after surgery. Distal junctional kyphosis developed
in 1 case (4%) in Group I, and in 5 cases (71%) in Group II. ConcLusiOoN: A distal level of instrumentation
ending at the first lordotic vertebra is not justified and causes violation of sagittal balance and development of
distal junctional kyphosis. The inclusion of a sagittal stable vertebra in fusion prevents the development of this
undesirable situation.
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PE3IOME
HEab: ananu3 >QPEeKTHBHOCTH METONA ONMPENEICHNS HMKHETO MHCTPYMEHTHPOBAHHOTO TTO3BOHKA B JICYCHUU
IPYIHBIX TUIIEPKU(O30B y HanneHToB ¢ 0one3Hbio lofiepmanna. COCTOSIHUE MPOBJIEMBI: B 30HY CIIOH/IMIIONE3a
JIOJDKHA OBITh BKIIFOUEHA BCsl KU(oTHyeckas aedopmaiiusi, OJHAKO OTHOCHUTENILHO HW)KHEH TPaHUIbl 30HbBI
CIIOH/IMJIO/Ie3a €JUHOTO MHEHUS He cyliecTByeT. MATEPMAJT U1 METO/BI: B OT/ICJICHUH JETCKON U MOAPOCTKOBOU
BepTebponoruu 3a nepuog ¢ 2007 o 2010 rox omepupoBano 36 marueHToB. OHHM pa3ieleHbl Ha 2 TPYIIIHL:
B rpynne [ (n = 29) HWKHUI MHCTPYMEHTHPOBAHHBIA MO3BOHOK COOTBETCTBYET CATHTTAJIILHO CTAOMILHOMY,
B rpymnme Il (n = 7) HWKHUIA MHCTPYMEHTUPOBAHHBIA MMO3BOHOK PACIIOJIOXKEH MPOKCHMalbHEE CATHUTTAIBHO
CTaOWUIBHOTO MO3BOHKA. [IM3AMH MCCIEJOBAHMS: PETPOCIEKTUBHOE TPYNIIOBOE MCCIIEAOBAaHHUE. PE3VIBTATHI:
Bennunna kudosa mepen onepanueii cocraBmia B cpeareM 79.3° £ 11/6°, mocae onepauuu — 40.6° + 11.9°
(xoppexuus 49.9%), mocineonepanuonHas morepst koppekunu 4.9° £ 7.0°. CarutranbHbIA 0aJaHc H3MEHHIICS C
-0.3 + 3.2 cMm 10 omneparuu 70 -1.7 = 2.1 cM mocie BMemaTenbeTBa. JucTanbHbIN epexoaHblid Kudo3 pa3Buics y
oxHoro 6oneHOTO U3 I rpymmE! (4%) ny msatu u3 Il rpymnmst (71%). 3AKIIOYEHME: BEIOOD TEpBOTO TOPAOTHYECKOTO
MO3BOHKA B KAYECTBE TUCTAILHON TOUKH 30HBI CHOHMIIONE3a HEOTIPAB/IAH U BRI3BIBACT PA3BUTHE CATUTTAILHOTO
nucbanmanca ¥ JUCTAIBFHOTO MEPEX0IHOT0 Kudo3a. BKiItoueHne B 30Hy CHOHIIIIONE3a CATUTTAIFHO CTA0OMIBHOTO
MO3BOHKA MPEOTBPAIIACT PA3BUTHE STOTO OCIOKHEHUS.

KarwoueBsblie ciaoBa: xugos [llotiepmanna, ypogens CnoHOUNO0€3d, CASUMMANLHO CMAOUIbHLIIL NO3BOHOK,
OUCMANbHYIL NePexoOHbIll KUpo3
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INTRODUCTION

Scheuermann’s disease is the most frequent cause of
hyperkyphosis in adolescent patients. Selection of
the optimal level of fixation is an important stage
in pre-operative planning of thoracic hyperkyphosis
correction. The fusion area needs to include all the
kyphotic deformity.!:> Many surgeons support the
view that the upper border of the fusion must lie at
the level of proximal vertebra in the kyphosis being
measured®; however, precise levels of the distal
fixation have not been determined yet. Construc-
tion should not end at the caudal vertebra within
deformity in order to prevent the development of
the distal junctional kyphosis (DJK). DJK has a
significant clinical value, since it may cause pain
syndrome and may also result in inconsistency of
the instrumental caudal claw. Its development is
unfavorable anyway. Ascani and La Rosa® recom-
mended to extend the metal construction for one
level lower than the origin of the transitional level
and to fix the L1 vertebra. Wenger and Frick’ sup-
posed that posterior fusion needs to be performed
at the T3-T12 levels. It is believed nowadays that
the instrumental fixation area should include the
vertebra localized distally with respect to the first
lordotic disc.>** However, the development of
DJK was observed even when these rules were
maintained (Fig. 1).

Incorrect selection of the optimal fusion distal
level may result in the development of DJK.> It
is difficult to determine the distal level of kyphosis,
since vertebral bodies are cuneiform and lamina are
rough in patients with Scheuermann’s disease. It is
often impossible to precisely measure the changes
in the cuneiformity of discs in the thoracolumbar
spine.* The method described by Cho, Lenke!? was
used in this study. During the course of formation
of the distal claw, they selected the sagittal stable
vertebra that is the most proximal vertebra through
which the posterior sacral vertical line goes (a line
going vertically from the upper posterior sacrum
as seen in the lateral X-ray film). This vertebra
must be fixed (Fig. 1).

The objective of this study was to analyze
the efficacy of the Cho-Lenke method for select-
ing the distal level of fusion in the treatment of
Scheuermann’s hyperkyphosis. Special attention
was paid to the association between the sagittal
stable vertebra, the first lordotic vertebra (local-
ized caudally from the first lordotic disc below
the kyphotic deformity), the lower instrumented
vertebra (LIV), and the formation of DJK in the
postoperative period.

30

MATERIALS AND METHODS

Retrospective analysis of treatment outcomes was
performed in 36 patients (32 males, 4 females) with
kyphotic deformities of spine caused by Scheuer-
mann’s disease. The patients were operated between
2007 and 2010 at the Department of Children and
Adolescent Spine Pathology. Mean age of patients
was 19.0 £ 3.0 yrs (range 14-32 yrs). The patients
were divided into two groups: in group I (n = 29),
the LIV was the sagittal stable vertebra and in group
I (n = 7), it was proximal to the sagittal stable
vertebra. The follow-up period was 3.6 = 1.3 years.

Radiographic examination was performed before

Figure 1. Determination of the sagittal stable vertebra
(SSV): the posterior sacral vertical line (PSLV).
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Table 1. Fusion levels and the sagittal stable vertebra (SSV)

Kyphosis Anterior fusion Posterior fusion First lordotic disc SSV level
Group I
T4-T12 T6-T10 T3-L3 T12-L1 L2
T4-L1 T7-T10 T3-L3 L1-L2 L3
T4-T12 not performed T4-L2 T12-L1 L2
T4-T12 T8-T12 T4-L3 T12-L1 L2
T4-T12 T7-T11 T3-L1 T12-L1 L1
T4-L1 T9-T12 T4-L3 L1-L2 L3
T3-T12 T7-T10 T4-L3 T12-L1 L2
T3-T12 T6-T9 T3-L3 T12-L1 L2
T3-T12 T6-T10 T3-L3 T12-L1 L2
T3-L2 T8-TI11 T3-L4 L2-L3 L3
T4-T12 T7-T10 T4-L3 T12-L1 L2
T6-L2 T10-L1 T5-L4 L2-1L3 L4
T4-L1 not performed T4-L3 L1-L2 L2
T3-T12 T7-T10 T4-L3 T12-L1 L2
T4-T12 T6-T9 T3-L3 T12-L1 L3
T6-L2 T10-T12 T5-L4 L2-1L3 L3
T3-T12 T6-T10 T3-L2 T12-L1 L2
T4-T12 T6-T9 T4-L3 L1-L2 L2
T4-L1 T8-T11 T4-L3 L1-L2 L2
T3-T12 T7-T10 T3-L4 T12-L1 L2
T3-T12 T7-T10 T4-L3 T12-L1 L2
T4-T12 T7-T10 T4-L2 T12-L1 L1
T4-L1 T8-T12 T4-L2 L1-L2 L2
T3-T12 T6-T8 T3-L2 T12-L1 L2
T3-T12 T6-T8 T3-L3 T12-L1 L2
T5-T12 T9-T12 T5-L3 T12-L1 L3
T3-L2 T9-T12 T4-L3 L2-L3 L3
T3-T12 not performed T4-L2 TI12-L1 L2
T3-L1 T7-T9 T3-L3 L1-L2 L3
Group 11
T3-T12 T8-TI12 T4-L2 T12-L1 L3
T3-T12 T7-T10 T4-12 T12-L1 L2
T3-T12 T4-L1 T7-T9 T12-L1 L2
T3-T12 T6-T9 T3-L2 T12-L1 L3
T4-T12 T8-TI12 T4-L2 T12-L1 L3
T3-L1 not performed T3-L1 L1-L2 L3
T3-T12 not performed T4-L2 T12-L1 L4
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and after surgery and during the 2-year follow-
up. Kyphosis was measured according to Cobb
method.!! Sagittal balance was estimated in lateral
X-ray films of patients in the standing position.
The ratio between the plumb line extending from
the center of the C7 vertebra to the upper poste-
rior angle of S1 was measured. If the plumb line
went behind the sacrum, the sagittal balance was
considered to be negative. In order to estimate the
position of the distal end of instrumentation with
respect to the sacrum, we measured the distance
between the center of the LIV and the posterior
sacral line. The negative balance implied that the
lower instrumented vertebra was located posterior
to the sacrum. DJK was measured by a kyphotic
change in the disc localized caudally from the
lower instrumented vertebra. The thoracic kyphotic
deformity apex localized at the T7 (n = 11), T8
(n=18), T9 (n =5), and T10 (n = 2) levels. Only
5 patients were operated on using dorsal fixation
(14%), while 31 patients (86%) were operated
using anterior diskectomy and interbody fusion
combined with posterior fixation with segmental
instrumentation (all — in one session). In order to
form the caudal claw, transpedicular screws and
laminar hooks were used in 10 and 26 cases, re-
spectively. The variability in lengths of dorsal and
ventral fusions is summarized in Table 1.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS
software (version 15.0); the non-parametric Mann-
Whitney tests were used to assess the significance
of the relationship between the 2 group. The thresh-
old level of statistical significance was lower than
0.01 (p < 0.01). All data are presented as mean +
standard deviation (SD).

RESULTS

The mean angle of kyphotic deformity in patients
in the standing position was 79.3° + 11.6°. The
deformity reduced to 40.6° + 11.9° after surgical
correction (49.9%) (Table 2).

Sagittal balance in group I changed from —0.3
+ 3.2 cm before surgery to —1.7 = 2.1 cm at the
last control examination. In group II, the changes
were from —0.4 + 2.5 to —1.9 + 2.2 cm (Table 3).
Therefore, the negative sagittal balance increased
after surgery in both groups.

In group I, the center of the lower instrumented
vertebra before surgery was projected behind the
sacrum; the distance between it and the posterior
sacral line was —0.9 = 1.67 cm. The balance was
normalized after surgery: the center of the LIV
localized above the sacrum (0.11 + 1.89 cm);
this location persisted over the follow-up period
(=0.28 = 1.06 cm). In group II, the LIV localized
behind the sacrum (-3.37 + 0.71 cm); however,
this localization remained virtually unchanged by
the end of the follow-up (-2.53 = 1.16 cm). The
intergroup difference in the distance between the
LIV and the posterior sacral line was statistically
significant (p < 0.01). The most likely reason for
this is that the LIV in group II was one level
higher than that in group I.

Complications. DJK developed in 6 cases;
caudal claw was performed with laminar hooks in
all these cases (Fig. 2). No DJK was found when
transpedicular fixation was used. Only 1 case was
detected in group I. The inconsistency of the lower
points of anchorage was detected in this case, which
made it necessary to repeat the distal capture of
an endocorrector. In group I, DJK was found in 5
patients. The inconsistency of caudal capture was

Table 2. Results of surgical correction of kyphotic deformity in patient groups (mean + SD)

Parameter Total I I P
eters (n = 36) (n = 29) m=7  (p<0.01)

Kyphotic deformity before surgery in the standing 793 + 11.6 816+ 109 700+ 10.1 0.03
position, deg ' ' ' ' ’ ' '
Kyphotic deformity in the hyperextended position, 5374 114 556+ 117 46.0 + 6.1 0.02
deg . . . . . . .
Kyphotic deformity after surgery, deg 40.6 £ 11.9 412 £12.5 38.5+£9.9 0.47
Correction, % 49.9 49.6 45.00 -
Kyphotic deformity by the end of the follow-up 455 + 132 457 £ 130 444 + 14.0 0.84
period, deg ' ' ' ' ' ' '
Correction loss, deg 49+ 7.0 45+70 59+76 0.66

32
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Table 3. Sagittal balance correction (mean £ SD)

I (n=29) II(n=7) p
Preoperative  -03 +32cm -04+25cm 0.89
Postoperative -1. 5+ 24 cm -27+ 1.1 cm 0.23
Final follow-— 17 . 21em -19+22em 03

up

detected in 2 cases, requiring remounting of the
instrumentation, changing hooks for transpedicular
fixation, and extension of the fusion area.

Other complications were associated with the

development of proximal junctional kyphosis (n =
6), which were asymptomatic and were detected in
the control X-rays. In 2 cases, the inconsistency of
instrumented cranial capture developed and required
remounting of the endocorrector. Neither neurologic
nor inflammatory complications were observed.

DISCUSSION

The choice of a fixation level is the most important
factor in treatment of hyperkyphosis. Inadequate
choice may disturb the overall sagittal balance of
the spine and cause kyphosis development below
or above the metal construct. King et al. suggested
a theory of preoperative planning to be used in pa-
tients with idiopathic scoliosis.!? According to this
theory, the caudal end of a construct is to reside
at the stable vertebra, which facilitates normaliza-
tion of the spine balance. The same principle can
be applied to kyphotic deformities. Caudal claw of
the instrumentation must include the sagittal stable

Figure 2. Radiographs of 14-year-old patient L.: posterior fusion at the T4—L2 level, sagittal stable vertebra (SSV)
— L3; development of distal junctional kyphosis at the L2—-L3 level 2 years after surgery.
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Figure 3. Radiographs of 25-year-old patient Sh.: posterior fusion at the T4-L2 level, sagittal stable vertebra
(SSV) — L2. The inclusion of this vertebra in fusion prevented the development of distal transient kyphosis at 2

years postoperatively.

vertebra. If this rule is maintained, the LIV localizes
above the sacrum, which allows normalization of
the sagittal balance of the spine (Fig. 3).

The overall negative balance increased after
surgery.*!3 Installation of the segmental instru-

34

mentation shifts the rotation axis in the middle
column of the spine backward from the center of
mass of the body in the sagittal plane.'* In order
to maintain the sagittal balance after surgery, both
proximal and distal ends of the instrumentation
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must be as close as possible to the line of the
center of mass of the body: the distal end of the
instrumentation, at the sagittal stable vertebra; the
proximal end of the instrumentation - at the up-
per border of kyphosis. In this study, there was a
trend toward the stronger negative balance in the
group II patients; however, the difference between
the groups was small (p = 0.23) (Table 3). The
distance between the LIV and the upper posterior
sacral vertical line was larger in group II. Thus,
the lower instrumented vertebra localized behind
the sacrum in this group. This upset the overall
sagittal balance, resulting in compensatory develop-
ment of DJK. In group I, where the LIV coincided
with the sagittal stable one, the lower end of the
construct localized at the center of the sacrum,
maintaining the balance of the spine.

Development of junctional kyphosis above or
below the instrumentation is a serious problem
emerging after the surgical correction of the kyphotic
deformity in patients with Scheuermann’s disease.
The DJK is of the greatest importance because it
causes pain syndrome in the lumbar spine.!> Proxi-
mal junctional kyphosis is often asymptomatic.*°
Bradford et al.’ described the loss of correction
and the development of junctional kyphosis below
the construct in 5 of 24 patients, while attributing
it to the fact that the lower vertebra in the kypho-
sis being measured was not fixed. Lowe, Kasten*
reported the development of DJK in 9 patients;
the first lordotic disc was not fixed in 8 of these
patients. In our study, the first lordotic disc was
not fixed in one patient only, resulting in the de-
velopment of transient kyphosis below the metal
construct. The caudal kyphotic vertebra was fixed
in all cases. Nevertheless, despite the fact that all
these rules were maintained, DJK developed in the
postoperative period in 5 of 35 patients. In group I,
the concept proposed by Cho, Lenke!® was used to
select the lower instrumented vertebra: the sagittal
stable vertebra was determined, which allowed us
to avoid development of DJK in 28 of 29 patients.

The use of screws as distal anchorage points
reduced the risk of inconsistency in this part of
instrumentation and in some cases allowed one to
exclude one segment from the fusion.

CONCLUSIONS

The adequate choice of the fixation level when cor-
recting hyperkyphosis prevents the development of
junctional kyphosis above or below the construct.
Finishing the mounting of a construct at the first
lordotic vertebra rather than at the sagittal stable one
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is not justified, since it often disturbs the sagittal
balance and induces DJK. When using the sagittal
stable vertebra as the lower anchorage point, the
caudal part of the instrumentation coincides with the
center of the first sacral vertebra, thus maintaining
the balance of the body. Hence, the inclusion of
this vertebra in fusion is more likely to prevent the
development of distal transient kyphosis.
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