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Objective. To conduct a comparative analysis of the effectiveness of various options for the prevention of proximal junctional kyphosis
(PJK) in the surgical treatment of adult patients with deformities of the lumbar spine, including taking into account the degree of correc-
tion of the lumbar lordosis.

Material and Methods. The results of instrumental fixation of the spine performed in 140 adult patients with severe frontal spinal defor-
mity and/or sagittal imbalance corresponding to types III and IV according to Berjano and Lamartina were studied. The patients were
divided into 4 clinical groups depending on the methods of surgical treatment: in 36 cases, correction of lumbar lordosis of no more than
30° was performed without the use of PJK prevention methods (Group I); in 24 — the same correction was supplemented with laminar
fixation of the vertebra above the fusion zone (Group II); 20 patients underwent complete restoration of the sagittal and frontal balance
with prophylactic vertebroplasty of the superjacent vertebra above the zone of instrumental fixation (Group IIT); and in 60 — the same
intervention was performed without the use of the PJK prevention methods (Group IV).

Results. Statistically significant differences in lumbar lordosis, difference in the pelvic angle and lumbar lordosis, and displacement of the
sagittal vertical axis were found between the pairs of groups I and II, and III and IV. Postoperative values of the index of the proximal
junctional angle (PJA) in patients of Group II differed significantly from the corresponding indicators of other groups. A statistically sig-
nificant increase in the PJA after surgery was found in patients of groups I1I and IV. There was a statistically significant decrease in PJK
cases in Group Il in comparison with other groups (p = 0.001), as well as more pronounced trend to decrease in pain intensity and ODI
score. Laminar fixation of the superjacent vertebra leads to a decrease in local kyphosis over the area of instrumental fixation and reduces
the load on the ventral parts of the vertebra. Prophylactic vertebroplasty (Group III) provides better results compared to a comparable
cohort (Group IV).

Conclusion. Partial correction of lumbar lordosis (no more than 30°) and preventive laminar fixation of the superjacent vertebra showed
significantly better clinical results (by more than 50 %; p = 0.001) compared with the other three clinical groups in terms of reducing the
level of pain and improving the quality of life, as well as of decrease in number of cases of PJK development — by 16—28 % (p = 0.001).
Key Words: adult spine deformities, prevention methods, proximal junctional kyphosis, laminar fixation, vertebroplasty, osteoporosis,
lumbar lordosis, sagittal balance.
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Spinal deformities in middle-aged and
elderly patients are a common pathol-
ogy. It significantly worsens the quality
of life and causes serious socio-econom-
ic loss [1, 2]. Their frequency can reach
08 %. There is a trend of stable growth
because of the increased longevity of
the population. Meanwhile, the extent of
degenerative scoliosis progression ranges

from 1 to 6 % per year. On average it is
3% (3, 4].

Treatment of patients with degenera-
tive spinal diseases in combination with
deformities is a major concern and may
be variable. According to Berjano and
Lamartina’s classification [5], the use of
selective interventions is acceptable for
deformity of I and II types. In this case,

0

short-segment fixation is used. It is rea-
sonable to perform correction by apply-
ing extended fixation systems for defor-
mity of lll and IV types. Nevertheless, this
type of intervention is associated with a
high frequency of adverse outcomes and
postoperative complications. The most
common complication is proximal junc-
tional kyphosis [6].
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According to the literature data, more
than 15 risk factors signify in the devel-
opment of proximal junctional kypho-
sis [7-9). Previous analysis showed that
three risk factors significantly affect the
development of proximal junctional
kyphosis. They are the correction extent
of lumbar lordosis (the correction vol-
ume is more than 30°), the presence of
osteoporosis and the value of proximal
junctional angle [10].

The levels located cranial to the proxi-
mal fixation point mainly are exposed
to a greater risk of proximal junctional
kyphosis [9, 11, 12]. This is confirmed by
clinical and experimental studies. Mean-
while, the key reason for the onset of
proximal junctional kyphosis is bone
injuries in the transitional zone. They
may be presented in the form of frac-
tures of the superjacent vertebra, the ver-
tebra of the proximal fixation point, or
a combination of them. Proximal junc-
tional kyphosis occurs statistically earlier
due to these types of fractures than with
a degenerative development mechanism
(13].

Previously obtained clinical and
experimental and analytical data formed
the basis of this study to assess the effec-
tiveness of various variations of surgi-
cal interventions, as well as methods for
the prevention of proximal junctional
kyphosis.

The objective is to conduct a com-
parative analysis of the effectiveness of
various options of the surgical treatment
of adult patients with deformities of
the lumbar spine, including taking into
account the degree of correction of the
lumbar lordosis and of the measures for
the prevention of proximal junctional

kyphosis (PJK).
Material and Methods

Study design: a prospective multicenter
non-randomized study of case series
(n> 100).

The results of instrumental fixation
of the spine performed in 2010-2015
in 140 adult patients with lumbar spine
deformities were analyzed. Indications
for surgery were determined based on
the presence of severe frontal spinal

deformity and/or sagittal imbalance cor-
responding to types III and IV (Berjano
and Lamartina) [5].

Entry criteria:

— age of 52-60 y.0;

— deformities of the lumbar spine asso-
ciated with the degenerative process
and/or systemic 0Steoporosis;

— comorbid osteoporosis (T-criterion
less than -2.5 SD).

Exclusion criteria:

— the offset of the sagittal vertical axis
(SVA) anteriorly is more than 15 cm,

— the frontal imbalance is more than
5 cm;

— the preoperative proximal junctional
angle exceeding 10°.

Patients

The patients were divided into 4 clini-
cal groups depending on the methods of
surgical treatment.

Group I: in 36 cases, correction of
lumbar lordosis of no more than 30° was
performed without the use of PJK pre-
vention methods.

Group 1L: 24 patients underwent cor-
rection of lumbar lordosis; its volume
was no more than 30° and laminar fix-
ation of the vertebra above the spinal
fusion zone.

Group III: 20 patients underwent a
complete restoration of the sagittal and
frontal balance with prophylactic verte-
broplasty of the vertebra above the zone
of instrumental fixation.

Group IV: 60 patients were treated
with the same complete restoration of
sagittal and frontal balances without the
use of PJK prevention methods.

Methods

As a basis, we took the calculated indi-
cators of Kim et al. [14] on the optimal
sagittal profile (20° < PI+ TK - LL < 45°)
and Makhni et al. [15], with the determi-
nation of optimal (0-3 c¢m) and subopti-
mal (3-8 cm) SVA values. This was done
in accordance with the data on the need
to correct the sagittal imbalance, which
causes the intensity of the pain and a
decrease in the quality of life.

Therefore, the study proposed a
comparison of methods for restoring a
suboptimal and optimal sagittal profile,
accounting for various corrections of
the lumbar lordosis magnitude. Measures
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aimed at preventing the development of
proximal junctional kyphosis have also
been considered.

For an objective evaluation of the
patient’s condition, neurological and
clinical examinations were used. The
intensity of the pain and the quality
of life were estimated by VAS and the
Oswestry Index (ODI). CT, DXA, MRI,
and TRGs were used to visualize the
pathological substrate.

From a technical point of view, surgi-
cal treatment was performed via a pos-
terior approach according to a standard
open method.

Statistical analysis

Calculations were conducted under
the analysis of teleroentgenograms in
Surgimap version 2.2.9.9.9.

The surgical outcomes were evaluated
based on X-ray examination data and
questionnaires before the surgery, imme-
diately after it, and in the long-term peri-
od (after 3, 6, 12 and 24 months).

Numerical data is given in the form
of the mean =+ standard deviation. The
obtained clinical outcomes were pro-
cessed using IBM SPSS 16 software.

The hypothesis of the normality of
the magnitude distribution was verified
using the Kolmogorov-Smirnov criterion.
The nonparametric statistical test (Krus-
kal — Wallis and Mann — Whitney) was
used to evaluate the significance of dif-
ferences in sample populations; the level
of statistical significance p < 0.05 was
accepted as the lower confidence level.

Results

The mean age of the patients was
59.8 + 5.2. Women predominated among
the studied patients — 113 (80.7 %).
There were 27 (19.3 %) men. According
to the Aebi classification, 106 (75.7 %)
patients had lumbar spine deformity of
type L. Thirty four (24.3 %) patients had
a deformity of type IIIb. As stated earlier,
indications for instrumental fixation
were defined only in deformity of types
IIT and 1V according to Berjano and
Lamartina [5]. Type III was observed in
89 (63.6 %) patients, IV — in 51 (36.4 %)
patients.
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A preoperative study of the initial data
on the occurrence and severity of osteo-
porosis and the presence of primary low-
energy fractures showed comparability of
the information in all groups. Addition-
ally, the spinopelvic ratios were also com-
parable: pelvic index (PI), pelvic tilt (PT),
lumbar lordosis (LL), thoracic kypho-
sis (TK), PI-LL, the sagittal vertical axis
(SVA), proximal junctional angle (PJA),
PI + TK - LL. Therefore, the absence of
significant differences in four groups of
patients at the preoperative stage was
statistically confirmed. In this regard, the
groups were considered as being compa-
rable (Table 1).

The main surgical option for correct-
ing the global sagittal imbalance is to cor-
rect the depth of lumbar lordosis and
bring it into line with theoretical values
under individual PI data.

In groups I and 11, a strategy of partial
recovery of lumbar lordosis (correction
volume no more than 30°) was used to
achieve suboptimal indicators of global
sagittal balance according to the charac-
teristics of the SVA location after surgety.
In groups III and IV, a complete recov-
ery of the global sagittal balance was
performed with the achievement of its
optimal parameters. It was done due to
a deep correction of the lumbar lordo-
sis (the volume of correction was more
than 30°). All spinopelvic relationships
were brought to their optimal values as
well. One of the two groups of each sut-
gical correction type was the studied pre-
vention method of proximal junctional
kyphosis (Group II - laminar tape fixa-
tion, Group III - preventive vertebroplas-
ty). Postoperative radiological outcomes
are given in Table 2.

Thus, after surgical treatment, statisti-
cally significant differences were found
between the groups. There was a com-
plete recovery of the sagittal profile (III
and 1IV) to its optimal values and the
groups with balance recovery to subop-
timal values due to the correction of lum-
bar lordosis of no more than 30° (I and
II) in the parameters of lumbar lordosis
(LL), the difference in pelvic angle, and
lumbar lordosis (PI-LL), and the displace-
ment of SVA. Additionally, the postopera-
tive values of PJA index in Group 1I sig-

nificantly differed from the correspond-
ing values in patients of the other groups.
There was also a statistically significant
increase in PJA after surgery in patients
of groups Ill and IV.

During the preoperative stage, the
analysis of pain intensity in the back
and lower extremities showed no sig-
nificant differences in this parameter
in patients of the studied groups (p =
0.877; p = 0.827). The assessment of the
dynamics of back pain in the postopera-
tive period revealed no statistically sig-
nificant differences between the groups
in the first 6 months after surgery (p =
0.988; p = 0.922). There was a significant
difference after 12 and 24 months (p =
0.001; p=0.001). The groups with signif-
icant differences were further analyzed
in pairs. This analysis revealed a signifi-
cant decrease in the intensity of pain in
Group II compared with patients of the
other groups 12 and 24 months after sur-
gery. Trend estimation of the intensity of
pain in each group showed its significant
decrease since the 6th month after sur-
gery in all groups (p = 0.021; p = 0.011;
p = 0.004; p = 0.001). Meanwhile, a sig-
nificant decrease in the back pain level
was found in Group II during the entire
follow-up (p=0.011; p = 0.001).

The analysis of pain intensity in the
lower extremities showed a statistically
significant difference between pre- and
postoperative values in all groups since
the 3rd month after surgery (p = 0.001;
p =10.016; p=0.001; p = 0.001). Evalu-
ation of this pain in the further postop-
erative period did not show statistically
significant dynamics in any group (p =
0.954; p = 0.146; p = 0.331; p = 0.844).
This trend may indicate the effectiveness
of the decompression treatment stage in
all groups of patients.

There were no significant differenc-
es in preoperative ODI values between
the study groups (p = 0.532). Positive
dynamics in the form of a reduction in
ODI during the postoperative period was
noted in all groups (p = 0.001). However,
the most pronounced trend of improving
the quality of life was in Group IL. This is
statistically verified by pairwise compari-
son of groups using the Mann — Whitney
U test.
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Over two years of follow-up, 86
(61.0 %) cases of complications were
found in patients. There were 11 (12.8 %)
cases of surgical site infection, 9 (104 %)
cases of neurological deficits, and 13
(15.11 %) cases of liquorrhea. They were
classified as early complications (within
a month). In the long-term period, 32
(37.2 %) cases of proximal junctional
kyphosis and 21 (24.4 %) cases of sut-
gical hardware instability (osteolysis
around screws, migration, fracture) were
found. All cases of proximal junctional
kyphosis were analyzed according to the
development mechanism. The outcomes
are given in Table 3.

In 29 (91 %) cases, the development
of proximal junctional kyphosis was
associated with vertebral fractures. The
highest incidence of proximal junctional
kyphosis was found in patients of Group
IV (n = 19). This indicator significantly
differed from tht in Group I (n = 8), II
(n=1) and in Group III (n =4); p <0.05.
Similarly, significant differences in the
incidence of this complication were
found between Group II (n = 1) and
the rest of the prospective study groups
(p =0.001). An analysis of the causes of
proximal junctional kyphosis has shown
that the occurrence of complications in
most cases was associated with a superja-
cent vertebra fracture (n = 17): in Group
[ — 5 cases, in Group IV — 12 cases. It
should be mentioned that no fractures
of the superjacent vertebra were found
in groups II and III. A vertebral fracture
of the proximal fixation point was the
cause of proximal junctional kyphosis in
7 (22 %) cases. Meanwhile, there were no
significant differences between the study
groups (p = 0.454). It is worth noting
that in these 7 cases, the proximal fixa-
tion point vertebra was not augmented
with bone cement.

Operative exploration was required in
30 (94 %) cases with the development of
proximal junctional kyphosis. Two (6 %)
patients were excluded due to the for-
mation of proximal junctional kyphosis
associated with degenerative changes in
the superjacent intervertebral cartilage.
They underwent complex conservative
treatment with a favorable effect.
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Thus, summarizing the nature and | |Table 1
frequency of Complications OCCUI'I'il’lg Preoperative data of patients in the study groups
in prospective groups, we can say that

proximal junctional kyphOSiS in patients Risk factors Group I Group I1 Group 111 Group IV p-value

with osteoporosis develops with a high (n=36)  (n=24) (n = 20) (n = 60) (H-test)

frequency (23 %). In this case, the res-

toration of the optimal sagittal profile Osteoporosis 28406 29404 -28+03 -3.1+06 0.233

of the spine has no effect. Apparently, (T-criterion)

the crucial role in the development of Low-energy fracture, 11 (31) 8 (33) 6 (30) 16 (27) 0.576

this complication belongs to the value of n (%)

PJA. It increases in a compensatory man- Established 14 (39) 11 (46) 12 (60) 25 (42) 0.124

ner due to a significant change in the osteoporosis, n (%)

lumbar lordosis magnitude. For example, PI, deg. 569+49 57.6+4.1 578+41 57.6+35 0.963

in groups III and IV, this indicator was PT, deg. 234+39 225+38 235+40 234+4.1 0.743

129° £ 14° and 13.8° £ 1.9° with its ini- LL, deg. 21.8+44 21.0+40 21.1+35 205+28 0.718

tial values of 3.5° £ 1.9° and 4.0° + 1.7°, TK, deg. 315444 302444 331446 304444 0.084

respectively. PI-LL, deg. 351+62 366+59 367+51 37.1+43 0.532
The reduction of local kyphosis proxi- SVA, mm 106.7+29.8 1050+27.4 98.5+256 97.2+22.9 0.357

mal to the installed surgical hardware is PJA, deg. 44+20 45+18 35419 40+ 17 0.191

facilitated by the magnitude of lumbar PI+TK - LL, deg. 66.6+44 668+64 69.8+34  67.5+4.2 0.085

lordosis correction of no more than 30°

and by the use of laminar fixation sys-

tems in the junctional region. Table 2

Postoperative data of patients in the study groups

Discussion
Risk factors Partial correction Total correction p-value

Surgical treatment of patients with defor- Group I GroupII  GroupIll  GroupIV (H-test)
mities of the lumbar spine is a compli- (n=36) (n=24) (n = 20) (n = 60)
cated issue. Selective procedures may
be effective in cases characterized only PI, deg. 56.9+49 57.6+41 57.8+41 57.6+35 0.963
by local neurological symptoms or by PT, deg.
confirmed mono-/bisegmental prob- before surgery 234+39 225+38 235+40 @ 234+41 0.743
lem. Surgical repair is indicated for a after surgery 19.0+27 188+26 189+27  191+28 0.990
multi-level process. It involves extensive changes 44+30 37+51  45+56 43+49 0.968
decompression, fixation, and correction LL, deg.
of deformity in the affected spine. before surgery 218444 21.0+40 211435 205428 0.718
Correction of sagittal imbalance is done after surgery 46.7+44 449+40 564459  541+48 0.001
to relieve pain and improve the quality changes 249+25 239+26 353439 336142 0.001
of life. Nevertheless, these interventions TK, deg. 315+44 302+44 331+46 304+44 0.084
are associated with a certain number of PI-LL, deg.
complications both in the early and late before surgery 351462 366+59 367+51 37.1+43 0.532
postoperative periods. after surgery 102+6.6 12.7+6.3 14+59 3.5+ 6.1 0.001

Based on literary data concerning changes 249425 239426 353+39 33.6+42 0.001
the high incidence of proximal junc- SVA, mm
tional kyphosis and our practical expe- before surgery 106.7 +29.8 1050+27.4 98.5+256 97.2422.9 0.357
rience concerning this complication in after surgery 60.6+119 604+11.6 235+59 180+6.1 0.001
various groups of patients (including in changes 46.1+21.3 446+19.1 7504240 79.2+22.1 0.004
the absence of deformities), we came to PJA, deg.
understanding that the main task of the before surgery 44420 45+18 35419 40+ 17 0.191
surgeon is to reduce the likelihood of after surgery 73421  25+13 129+14 13.8+19 0.001
a conflict on the frontier with surgical changes 29402 20+12 94+14 98406 0.001
hardware. Due to modern knowledge PI+ TK - LL, deg.
regarding the multifactorial nature of before surgery 66.6+44 668+64 69.8+34 67.5+4.2 0.085
proximal junctional kyphosis, the sut- after surgery 41.7+42 429462 345+32 339441 0.001
geon is capable to consider risk factors,
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use prevention methods and flawlessly
follow the surgical technique.

The most relevant risk factor for the
development of proximal junctional
kyphosis associated with the patient
is osteoporosis. It increases the risk of
developing the complication by 3.5 times
[9, 10]. This factor is of great importance
both in the area of the proximal fixa-
tion point vertebra and in the area of
the superjacent vertebra. The study has
shown that disregard for the augmen-
tation of the proximal fixation point
vertebra causes the proximal junctional
kyphosis to develop due to its fracture.

Another key factor in the develop-
ment of proximal junctional kypho-
sis is PJA. Its effect on the occurrence
of proximal junctional kyphosis is not
well described in the Russian literature.
Meanwhile, this indicator is considered
to be extremely relevant in world lite-
rature [10]. According to the data col-
lected during our previous studies, PJA of
more than 10° increases the risk of prox-
imal junctional kyphosis by 2.5 times.
The study demonstrated the vulnerabil-
ity of the proximal junctional zone to
the development of proximal junctional
kyphosis in the case of high PJA values.

The last statistically significant risk
factor for the occurrence of proximal
junctional kyphosis, which belongs to
the category associated with surgery, is
the depth of lumbar lordosis correction.
If the correction magnitude is no more
than 30° from the baseline, in the case
of gross sagittal deformity, it is possible
to achieve suboptimal indicators of the

global sagittal balance. In this case, the
transverse stress forces in the proximal
junctional zone are not critical. They
cause an uncontrolled increase in PJA
to a lesser extent. On the contrary, total
submission to the principles of restor-
ing ideal parameters under the creat-
ed mathematical model contributes to
excessive overstrain in the proximal
instrumentation zone. In conditions of
extended fixation, hyperlordosis com-
bined with pronounced rigidity of the
thoracic spine associated with degen-
erative changes makes preconditions for
vertebrae destruction in the junctional
zone pursuant to hammer and anvil prin-
ciple [17, 18].

Novadays, there are two methods of
protecting junctional vertebrae and pre-
venting proximal junctional kyphosis: the
creation of hybrid semi-rigid stabilization
at the level of proximal fixation points
and preventive vertebroplasty.

Recent studies have shown that ensur-
ing a smooth transition between the rigid
and mobile segments and the spine using
semi-rigid fixation of the superjacent
vertebra can potentially decrease the fre-
quency of proximal junctional kyphosis
[19]. Such hybrid designs include hooks,
Mersilene and laminar tapes [20].

The data in our study showed the
effectiveness and safety of laminar fixa-
tion of the superjacent vertebra as a pre-
vention method of proximal junctional
kyphosis.

Viswanathan et al. came to the same
conclusions in their work [21]. They

analyzed the treatment outcomes of 40
patients after thoracolumbar fusion.

A large number of clinical and exper-
imental studies have been devoted to
the investigation of the effectiveness
of vertebroplasty in preventing proxi-
mal junctional kyphosis. The quintes-
sence of these papers is the effectiveness
of the method under consideration in
terms of preventing the occurrence of
proximal junctional kyphosis [22]. The
study shows the absence of fractures
of the superjacent vertebra above the
zone of extended instrumentation. The
idea of this technique is to strengthen
the superjacent vertebra to resist verti-
cal loads. Meanwhile, the vertebra itself
remains free from fixation and balances
above the surgical hardware due to two
free spinal motion segments. However,
the disadvantage of this technique is the
increased load on these spinal motion
segments. This results in faster degenera-
tive changes and switching of the load
to the superjacent vertebra (superjacent
vertebra + 1).

The most reasonable situation in
which preventive vertebroplasty can
be used is a complete correction of the
lumbar-pelvic relationship with maxi-
mum recovery of lumbar lordosis (more
than 30°). This is required when the use
of laminar tapes is associated with the
risk of their incompetence.

There was a statistically significant
decrease in PJK cases in the Group II
in comparison with other groups (p =
0.001), as well as a more pronounced
trend to decrease in pain intensity and

Table 3

Development of proximal junctional kyphosis in the postoperative period in patients of prospective groups

Proximal junctional kyphosis Group I Group II Group IIT
(n=36) (n = 24) (n = 20)
Degenerative - 1
Fracture of SPV — —
Fracture of SPV + 1 — 2
Fracture of PFPV 1 1
Fracture of PFPV + SPV — —
Total 8(22%) 1(4%) 4(20%)

* Based on Kruskall — Wallis test; SPV — Superjacent vertebra; SPV + 1 — the vertebra cranial to the superjacent vertebra;

PFPV — Proximal fixation point vertebra.

Group IV p-value
(n =60) (H-test)*
2 —

12 0.001

3 0.454

2 —
19 (32 %) 0.001
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ODI score. Laminar fixation of the super-
jacent vertebra leads to a decrease in
local kyphosis over the area of instru-
mental fixation and reduces the load
on the anterior parts of the vertebra. It
shifts the vertical axis posteriorly and
eliminates excessive mobility in this seg-
ment during constant variable axial loads.
In its turn, the use of prophylactic ver-
tebroplasty (Group III) provides better
results compared to a matched cohort
(Group IV).

Despite the complete restoration of
the sagittal profile in all cases, the high-
est incidence of proximal junctional
kyphosis (n = 19) was found in patients
of Group IV. The occurrence of a stress-
deforming condition at the upper bound-
ary of the fixation zone is due to the
complex influence of such risk factors
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