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Objective. To review specific features of spinal sagittal balance in achondroplasia patients at stages of lower limb lengthening using the 

Ilizarov method.

Material and Methods. Cross-sectional clinical and radiological study was performed in 29 achondroplasia patients prior to lower limb 

lengthening and at lengthening stages using the Ilizarov method. Parameters of sagittal balance of the spine and pelvis were evaluated ra-

diologically. Clinical evaluation included examination, and assessment of neurological status and pain level.

Results. Clinical manifestations of sagittal imbalance included hypokyphosis of the thoracic spine in 44.8 % of cases and increased lumbar 

lordosis in 55.2 %. No neurological disorders were diagnosed in patients. Pain scores 2 to 4 were observed in 17.2 % ofcases. After staged 

lower limb lengthening by 19.8 ± 3.3 cm, it was revealed that the values of the thoracic kyphosis, lumbar lordosis and the angle of the sa-

crum tilt improved and approached those of healthy peers. Vertical sagittal alignment measurements correlated with those of thoracic 

kyphosis. Thoracic kyphosis showed a correlation with lumbar lordosis. Pelvic indices had a moderate correlation with lumbar lordosis.

Conclusion. Biomechanically substantiated transosseous compression-distraction osteosynthesis by Ilizarov technique used for lower 

limb lengthening in achondroplasia patients improves spinal sagittal balance parameters.

Key Words: achondroplasia, lower limb lengthening, transosseous compression-distraction osteosynthesis by Ilizarov technique, spinal 

sagittal balance.
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Achondroplasia is a common form of 
skeletal dysplasia with a rate of 1 case 
per 15,000 population [1, 2]. This genetic 
autosomal dominant disease is character-
ized by a trunk to limb disproportion and 
spinal anomalies [3–5].

Often, achondroplasia-associated 
changes in the spine are characterized by 
spinal canal stenosis and sagittal imbal-
ance [3, 5–8] as well as synostosis dis-
orders, wedge-shaped vertebrae, sacral 
underdevelopment, and changes in ped-
icle size [9–11].

Over the last years, there have been 
conducted active studies of the spinal 
sagittal balance and its relationship with 
the pelvis, both in healthy people and in 
various pathological conditions, primar-
ily for understanding the physiological 
and pathophysiological aspects of dis-
eases [5, 12, 13]. There are single publica-
tions on sagittal balance in achondropla-
sia patients [1, 5].

Shortening of the limbs in achondro-
plasia is not just a cosmetic problem, but 
a gross functional impairment that sig-
nificantly limits the everyday activities of 
patients. The Ilizarov method of transos-
seous compression-distraction osteosyn-
thesis enables lengthening of the lower 
limbs by 28–30 cm. The question arises: 
how this affects spine condition?

The purpose of this study was to ana-
lyze the spinal sagittal balance features 
in achondroplasia patients at different 
stages of Ilizarov lower limb lengthening.

Design: cross-sectional study.
Due to the staged course of treatment, 

the period of lower limb lengthening 
takes 4–6 years, on average. At present, 
we do not have a radiological archive 
of patients at all stages of treatment. A 
retrospective analysis takes a prolonged 
period of time. Also, there is no com-
parison group due to the lack of another 
osteosynthesis method enabling compa-
rable lengthening of the limbs.

The study inclusion criteria were as 
follows: achondroplasia patients at dif-
ferent stages of limb lengthening by the 
Ilizarov apparatus.

The study exclusion criteria were as 
follows: patients with other systemic 
diseases during limb lengthening by the 
Ilizarov apparatus.

Study setting: the study was per-
formed at the Department of Traumatol-
ogy and Orthopedics No. 17 of the Rus-
sian Ilizarov Scientific Center for Restor-
ative Traumatology and Orthopaedics 
(Kurgan).

The study was performed in the peri-
od between October 2016 and Novem-
ber 2017.

The study was conducted in accor-
dance with the 1964 Helsinki Declara-
tion principles. Patients or their parents 
provided informed voluntary consent 
for participating in diagnostic studies 
and medical interventions and using the 
obtained data for scientific purposes.
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Material and Methods

We performed a clinical X-ray study of 
29 achondroplasia patients; of these, 2 
patients were examined twice at different 
treatment stages. Ten patients were 
examined before treatment; 12 patients 
were examined at different stages of 
lower limb lengthening; 9 patients were 
assessed after completion of lower limb 
lengthening.

Lower limb lengthening technique. 
Limb lengthening was performed in 
stages by mono- or bilocal distraction 
osteosynthesis, sequentially or crosswise. 
Single-stage lengthening was performed 
as follows: the tibia was lengthened 
7–8 cm, and the femur was lengthened 
8–9 cm. In the case of crosswise length-
ening of segments, the tibia was repeat-
edly lengthened.

X-ray examination. X-ray was used 
to evaluate the following parameters: the 
scoliosis Cobb angle, thoracic kyphosis 
angle (TK at the T4–T12 level), thoraco-
lumbar kyphosis angle (TLK at the T10–
L2 level), lumbar lordosis angle (LL1 at 
the L1–S1 level and LL2 at the L2–S1 
level), sagittal vertical axis (SVA), pel-
vic incidence (PI), pelvic tilt (PT) angle, 
and sacral slope (SS) angle. X-ray mea-
surements were performed using the Sur-
gimap v2.2.12.1 software.

Clinical examination. Clinical evalua-
tion was based on a physical examination 
and assessment of the neurological status 
and pain level (Wong-Baker Faces Pain 
Rating Scale).

The data were processed with the 
Microsoft Office Excel (2016) statistical 
software package. The arithmetic mean 
(M), deviation of the mean (± m), Pear-
son correlation coefficient r with evalu-
ation on the Chaddock scale were cal-
culated; the Student’s t-test with calcu-
lation of the statistical confidence was 
used to assess the significance of mean 
differences.

Results

A general examination of the body 
revealed flattening of thoracic kyphosis 
in all patients. Increased lordosis of 
the lumbar spine was detected in 16 

(55.2 %) patients, and kyphosis at the 
thoracolumbar junction level was found 
in 8 (27.5 %) patients (Table 1).

Chest deformity in the form of uni- 
or bilateral indrawing of the anterior rib 
portions was diagnosed in 16 (55.2 %) 
cases; scoliotic spinal deformity was pres-
ent in 4 (13.8 %) cases.

An analysis of X-ray films demon-
strated wedge-shaped deformity of the 
vertebral bodies at the thoracolumbar 
junction level (T12–L1–L2) with the for-
mation of local kyphosis in 8 (27.5 %) 
patients and sacral hypoplasia in one 
case (Fig. 1).

The neurological status was without 
serious pathology. The pain score in five 
patients ranged from 2 to 4.

Radiological parameters of patients 
at different stages of treatment are pre-
sented in Table 2.

Radiological and clinical outcomes 
at different stages of treatment are pre-
sented in Fig. 2 and 3, respectively. Given 
the small number of patients, the Pear-
son correlation coefficient for sagittal 
balance indicators was calculated at dif-
ferent stages and at the end of lengthen-
ing. The sagittal vertical axis SVA had a 
moderate correlation (r = 0.5) with TK. 
The TK parameter moderately correlated 
with LL1 (r = 0.4). The pelvic parameters 
PI, PT, and SS had a moderate correlation 
with LL1 (r = 0.6). The value of lower 
limb lengthening moderately correlated 
with LL1 (r = 0.4), PI (r = 0.4), and PT 
(r = 0.4).

Discussion

Achondroplasia is a systemic skeletal 
disease that is characterized by impaired 
endochondral osteogenesis, dwarfism, 
shortening of the limbs (with the trunk 
length being normal), limb and spine 
deformities, and macrocephaly.

Thoracic kyphosis is a common (up to 
94 % of cases) form of spinal deformity 
in achondroplasia children under the age 
of 1 year. As the child grows and begins 
walking, the kyphosis decreases during 
the first 10 years, but then gradually pro-
gresses and is diagnosed in approximate-
ly 11 % of patients [14–16]. Kyphotic spi-
nal deformity and grade 1 scoliosis are 

detected in 76 % and 17 % of children 
with achondroplasia, respectively. Since 
the age of 7 years, 15 % of children have 
wedge-shaped vertebrae whose degree of 
deformity varies from 10° to 18° [17]. In 
our study, kyphotic spinal deformity in 
the setting of wedge-shaped deformity of 
the T12, L1, and L2 vertebral bodies was 
diagnosed in 8 (27.5 %) cases with local 
angular kyphosis of 13.1° ± 7.2° at the 
T10–L2 level. Scoliotic deformity before 
treatment was 1.4° ± 2.3°, on average, 
with an almost two-fold increase dur-
ing lower limb lengthening (3.2° ± 3.4°), 
which was associated with the staged 
course of osteosynthesis (sequential or 
crosswise lengthening of lower limb 
segments). At the end of osteosynthesis, 
the deformity value almost did not dif-
fer from the initial one (1.9° ± 1.7°) and 
indicated symmetrical lengthening of the 
limbs. Clinical manifestations of sagittal 
imbalance in the study patients were tho-
racic hypokyphosis (44.8 % of cases) and 
an increase in lumbar lordosis (55.2 % of 
cases). No neurological disorders were 
diagnosed in the patients.

After staged lengthening of the low-
er limbs in the study patients, a change 
in SVA, an increase in TK and PI, and a 
decrease in LL1 and LL2 were observed. 
The other sagittal balance indicators dif-
fered at stages of lower limb lengthen-
ing and did not significantly differ after 
lengthening completion.

Due to a small archive of our own 
measurements of the sagittal balance in 
achondroplasia patients before treat-
ment (10 people), we conducted an addi-
tional comparative analysis with the lit-
erature data. There are few publications 
on this topic. The sagittal spinal balance 
in achondroplasia patients at the age of 
17–36 years compared to that in healthy 
patients was studied by Hong et al. [5]. 
Karikari and co-authors [1] investigated 
sagittal balance parameters in achon-
droplasia children but at the age of 2.6 
years. For comparison, we used the data 
of healthy people (13.1 ± 2.1 years) from 
studies by Mac-Thiong et al. and Marty 
et al. [18, 19] (Table 3).

In achondroplasia patients after lower 
limb lengthening, TK, LL1, and SS values 
approach those of healthy peers as the 
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age increases. At the same time, the sagit-
tal balance parameters before treatment 
are comparable with the results of Hong 
et al. [5] for achondroplasia patients.

According to V.I. Shevtsov et al. [20], 
lower limb lengthening was accompa-
nied by an increase in the lumbosacral 
angle up to normal values in all age 
groups. Our study confirmed this fact.

To understand the mechanisms of 
changes in the sagittal balance param-
eters during lower limb lengthening, 
let us consider biomechanical models 

Table 1

General characterization of achondroplasia patients

Parameter Value

Age, years 12.6 ± 4.8 (from 5 tо 35)

Males : females, n 12 : 17

Height before lengthening, cm 107.0 ± 11.8

Height at examination (n = 21), cm 127.9 ± 13.7

Amount of lower limb lengthening at examination (n = 21), cm 15.9 ± 5.1

Increase in lumbar lordosis (clinically), n (%) 16 (55.2)

Decrease in thoracic kyphosis (clinically), n (%) 13 (44.8)

Kyphosis at the thoracolumbar junction level (clinically), n (%)   8 (27.5)

Chest deformity, n (%)   4 (13.8)

History of pain, n (%)   5 (17.2)

Fig. 1
Spondylogram of a 9-year-old female 
patient B. in a lateral projection at the 
second stage of lower limb lengthening 
(total lengthening is 14 cm): wedge-
shaped deformity of the L1 and L2 
vertebral bodies and thoracolumbar 
kyphosis of 5.7°

Table 2

X-ray parameters of sagittal balance in achondroplasia patients at different stages of treatment

Parameter Before treatment 
(n = 10)

At stages of 
lengthening 

(n = 12)

After completion of 
lengthening 

(n = 9)

Lower limb lengthening, cm – 13.0 ± 4.7 
(from 5 tо 25)

19.8 ± 3.3 
(from 12 tо 25)

Cobb scoliosis, degree 1.4 ± 2.3 
(from 0 tо 14.2)

3.2 ± 3.4 
(from 0 tо 10)

1.9 ± 1.7 
(from 0 tо 6) 

р = 0.07

Global sagittal balance, mm -0.26 ± 21.6 
(from -61.6 

tо 38.5)

35.9 ± 24.4 
(from 0 tо 116.5)

35.1 ± 29.8 
(from -0.5 tо 98.1) 

р = 0.04

Thoracic kyphosis T4–T12, 
degree

16.6 ± 3.2 
(from 4.6 
tо 21.7)

12.8 ± 4.0 
(from 3.4 tо 26.0)

22.2 ± 7.7 
(from 6.2 tо 48.4) 

р = 0.09

Thoracolumbar kyphosis 
T10–L2, degree

10.6 ± 4.8 
(from 0.8 
tо 24.1)

9.7 ± 5.1 
(from 0.5 tо 31.8)

11.7 ± 6.2 
(from 0.8 tо 27.1) 

р = 0.07

Lumbar lordosis L1–S1, 
degree

58.9 ± 9.3 
(from 38.9 

tо 72.3)

51.1 ± 8.8 
(from 24.0 tо 64.4)

50.4 ± 8.9 
(from 31.8 tо 66.3) 

р = 0.10

Lumbar lordosis L2–S1, 
degree

60.2 ± 8.0 
(from 39.1 

tо 71.5)

50.1 ± 5.7 
(from 32.7 tо 64.4)

52.2 ± 7.1 
(from 39.2 tо 69.3). 

р = 0.10

Pelvic incidence, degree 50.9 ± 6.8 
(from 36.2 

tо 63.9)

50.9 ± 5.6 
(from 26.0 tо 65.6)

53.2 ± 3.6 
(from 44.0 tо 58.3) 

р = 0.04

Pelvic tilt, degree 10.9 ± 5.1 
(from 1.6 
tо 21.4)

8.7 ± 4.3 
(from -2.0 tо 18.0)

11.0 ± 4.3 
(from 1.5 tо 20.3) 

р = 0.09

Lumbosacral angle, degree 42.1 ± 5.8 
(from 28.9 

tо 53.6)

44.8 ± 8.2 
(from 25.6 tо 62.9)

41.2 ± 6.0 
(from 29.0 tо 56.8) 

р = 0.08
The significance of differences between groups before treatment and after completion of lengthening 

according to the difference (Student) t-test.
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of achondroplasia patients before and 
after treatment. The sagittal balance of 
the human body is provided by mutu-
al arrangement of the pelvis, spine, and 

lower extremities [21]. In this case, the 
pelvis position is determined by the state 
and mobility of the femoral heads for 
maintaining the vertical body posture 

[22, 23]. The femoral heads form a point 
through which the axial load is trans-
ferred from the upper spinal parts to the 
lower extremities [22, 24]. Thus, it is the 
condition of the hip joints that deter-
mines the position of the pelvis, spine, 
and whole body.

The anatomical features of achondro-
plasia patients include shortening of the 
limbs, O-shaped curvature of the lower 
limbs with lateral instability of the knee 
joints, and flexion contractures of the 
hips [25]. Limited mobility in the hip 
joints triggers compensatory mecha-
nisms for correction of sagittal imbal-
ance: the pelvic tilt angle, lumbar lordosis, 
and thoracic kyphosis change.

A feature of Ilizarov osteosynthesis 
upon lengthening of the femur at its 
proximal third level is directional forma-
tion of antecurvation deformity with an 
angle value corresponding to the value of 
excessive lumbar lordosis [26] (Table 4).

An increase in the limb length and 
a decrease in hip contractures with an 
increase in mobility of the femoral heads 
change pelvic parameters, which, in turn, 
leads to changes in other sagittal balance 
parameters due to correlations found in 
the study (Fig. 4).

Conclusion

Achondroplasia patients are characterized 
by a decrease in thoracic kyphosis and 
an increase in the lumbar lordosis, pelvic 
incidence, and angle of the pelvic tilt and 
vertical body axis. In the study, significant 
correlations were found between sagittal 
balance parameters: vertical sagittal axis 
and thoracic kyphosis, thoracic kyphosis 
and lumbar lordosis, as well as lumbar 
lordosis and pelvic parameters. The value 
of lower limb lengthening moderately 
correlated with lumbar lordosis, pelvic 
incidence, and pelvic tilt.

Ilizarov lower limb lengthening pro-
vides mobility of the femoral heads, which 
leads to changes in pelvic parameters, a 
decrease in lumbar lordosis, an increase in 
thoracic kyphosis, and correction of the 
sagittal body imbalance.

Comparative analysis of the results in 
study patients at all stages of observation 
requires further research.

Fig. 2
Spondylograms of a 9-year-old female patient I. at the second stage of lower limb 
lengthening: a – after osteotomy and osteosynthesis with the Ilizarov apparatus; b – 
after completion of staged lengthening and disassembly of the Ilizarov apparatus (total 
lengthening is 15 cm)

Fig. 3
A 10-year-old male patient I.: a – before treatment; b – after staged lengthening and 
disassembly of the Ilizarov apparatus (total lengthening is 12 cm)

а

а

b

b
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Table 3

Comparison of sagittal balance parameters in study patients with literature data

Evaluated parameter Present study, 

achondroplasia, 

before treatment 

(n = 10)

Present study, 

achondroplasia, lower 

limb lengthening 

(n = 21)

Hong et al. [5], 

achondroplasia 

(n = 32)

Hong et al [5], 

healthy subjects 

(n = 24)

Mac-Thiong et al. 

[18], Marty et al. 

[19], healthy subjects 

(n = 145)

Age, years 9.5 ± 3.5 14.1 ± 4.8 17–36   17–32 13.1 ± 2.1

Global sagittal balance, mm -0.26 ± 21.60    35.10 ± 29.80 22.20 ± 10.60 10.30 ± 8.76   –

Thoracic kyphosis T4–T12, degree 16.60 ± 3.20 22.20 ± 7.70 19.52 ± 10.30    33.40 ± 10.92   44.20 ± 10.30

Thoracolumbar kyphosis T10–L2 

degree

10.60 ± 4.80 11.70 ± 6.20 10.30 ± 12.42    0.39 ± 5.47    –

Lumbar lordosis L1–S1, degree 58.90 ± 9.30 50.40 ± 8.90 56.12 ± 11.44    38.37 ± 19.67   49.20 ± 12.40

Lumbar lordosis L2–S1, degree 60.20 ± 8.00 52.20 ± 7.10 46.37 ± 14.03  50.96 ± 8.29    –

Pelvic incidence, degree 50.90 ± 6.80 53.20 ± 3.60 43.10 ± 17.47    52.47 ± 13.06   49.30 ± 11.20

Pelvic tilt, degree 10.90 ± 5.10 11.00 ± 4.30    0.42 ± 12.73  13.28 ± 8.59   7.90 ± 7.70

Lumbosacral angle, degree 42.10 ± 5.80 41.20 ± 6.00     44.03 ± 9.46    39.51 ± 7.6 41.40 ± 8.50



Hirurgia Pozvonochnika 2018;15(4):7–14 

12
Spine deformities

O.G. Prudnikova et al. Sagittal balance in achondroplasia patients during Ilizarov limb lengthening

1. Karikari IO, Mehta AI, Solakoglu C, Bagley CA, Ain MC, Gottfried ON. Sagit-

tal spinopelvic parameters in children with achondroplasia: identification of 2 distinct 

groups. J Neurosurg Spine. 2012;17:57–60. DOI: 10.3171/2012.3.SPINE11735.

2. Lonstein JE. Treatment of kyphosis and lumbar stenosis in achondropla-

sia. In: Nicoletti B, Kopits SE, Ascani E, McKusick VA, Dryburgh SC (eds). Human 

Achondroplasia. Basic Life Sciences. Springer, Boston, MA, 1988;48:283–292. 

DOI: 10.1007/978-1-4684-8712-1_38.

3. Kolesov SV, Snetkov AA, Sazhnev ML. Surgical treatment for spine deformity 

in achondroplasia. Hir. Pozvonoc. 2013;(4):017–022. In Russian. DOI:10.14531/

ss2013.4.17-22.

4. Carter EM, Davis JG, Raggio CL. Advances in understanding etiology of achondro-

plasia and review of management. Curr Opin Pediatr. 2007;19:32–37. DOI: 10.1097/

MOP.0b013e328013e3d9.

5. Hong JY, Suh SW, Modi HN, Park JW, Park JH. Analysis of sagittal spinopel-

vic parameters in achondroplasia. Spine. 2011;36:E1233–E1239. DOI: 10.1097/

BRS.0b013e3182063e89.

6. Misra SN, Morgan HW. Thoracolumbar spinal deformity in achondroplasia. Neuro-

surg Focus. 2003;14:e4. DOI: 10.3171/foc.2003.14.1.5.

7. Sciubba DM, Noggle JC, Marupudi NI, Bagley CA, Bookland M, Carson BS Sr, 

Ain MC, Jallo GI. Spinal stenosis surgery in pediatric patients with achondroplasia. 

J Neurosurg. 2007;106(5 Suppl):372–378. DOI: 10.3171/ped.2007.106.5.372.

8. Thomeer RT, van Dijk JM. Surgical treatment of lumbar stenosis in achondroplasia. 

J Neurosurg. 2002;96(3 Suppl):292–297.

9. Kahanovitz N, Rimoin DL, Sillence DO.  The c l inical  spectrum 

of lumbar spine disease in achondroplasia .  Spine .  1982;7 :137–140. 

DOI: 10.1097/00007632-198203000-00008.

10. Rimoin DL. Clinical variability in achondroplasia. Human achondroplasia. A multidis-

ciplinary approach. In: Nicoletti B, Kopits SE, Ascani E, McKusick VA, Dryburgh SC (eds). 

Human Achondroplasia. Basic Life Sciences. Springer, Boston, MA, 1988;48:123–127. 

DOI: 10.1007/978-1-4684-8712-1_16.

11. Srikumaran U, Woodard EJ, Leet AI, Rigamonti D, Sponseller PD, 

Ain MC. Pedicle and spinal canal parameters of the lower thoracic and lumbar ver-

tebrae in the achondroplast population. Spine. 2007;32:2423–2431. DOI: 10.1097/

BRS.0b013e3181574286.

References

Table 4

Biomechanical features of achondroplasia patients before and after treatment

Parameter Before treatment After treatment

Length of hips and tibias Shortening Lengthening, increased levers

Hip joints Flexion contractures Decreased contractures, 

increased mobility of the 

femoral heads

Pelvic tilt Increase Increase

Lumbosacral angle Increase Close to normal value

Lumbar lordosis Aggravation Decrease

Thoracic kyphosis Decrease Close to normal value

Vertical body axis Significant deviation Close to normal value

Fig. 4
Biomechanical scheme of the sagittal 
spinal balance in achondroplasia 
patients: a – before treatment; b – 
after lower limb lengtheningй

а b
The study did not have sponsorship. The authors declare no conflict of interest.



Hirurgia Pozvonochnika 2018;15(4):7–14 

Spine deformities

13

O.G. Prudnikova et al. Sagittal balance in achondroplasia patients during Ilizarov limb lengthening

12. During J, Goudfrooij H, Keessen W, Beeker TW, Crowe A. Toward standards for 

posture. Postural characteristics of the lower back system in normal and pathologic 

conditions. Spine. 1985;10:83–87. DOI: 10.1097/00007632-198501000-00013.

13. Stagnara P, De Mauroy JC, Dran G, Gonon G, Costanzo G, Dimnet J, 

Pasquet A. Reciprocal angulation of vertebral bodies in a sagittal plane: approach 

to references for the evaluation of kyphosis and lordosis. Spine. 1982;7:335–342. 

DOI: 10.1097/00007632-198207000-00003.

14. Borkhuu D, Nagaraju DK, Chan G, Holmes L, Mackenzie WG. Factors related 

to progression of thoracolumbar kyphosis in children with achondroplasia: a retro-

spective cohort study of forty-eight children treated in a comprehensive orthopaedic 

center. Spine. 2009;34:1699–1705. DOI: 10.1097/BRS.0b013e3181ac8f9d.

15. Qi X, Matsumoto M, Ishii K, Nakamura M, Chiba K, Toyama Y. Posterior oste-

otomy and instrumentation for thoracolumbar kyphosis in patients with achondro-

plasia. Spine. 2006;31:E606–E610. DOI: 10.1097/01.brs.0000229262.87720.9b.

16. Kopits SE. Thoracolumbar kyphosis and lumbosacral hyperlordosis in achondro-

plastic children. In: Nicoletti B, Kopits SE, Ascani E, McKusick VA, Dryburgh SC (eds). 

Human Achondroplasia. Basic Life Sciences. Springer, Boston, MA, 1988;48:241–255. 

DOI: 0.1007/978-1-4684-8712-1_34.

17. Diachkova GV, Aranovich AM, Novikova OS, Shchukin AA. Clinical-and-roent-

genological distinctions of the lumbosacral spine in patients with achondroplasia. Genii 

Ortopedii. 2000;(4):46–48. In Russian.

18. Mac-Thiong JM, Berthonnaud E, Dimar JR 2nd, Betz RR, Labelle H. Sagittal 

alignment of the spine and pelvis during growth. Spine. 2004;29:1642–1647.

19. Marty C, Boisaubert B, Descamps H, Montigny JP, Hecquet J, Legaye J, 

Duval-Beaupere J. The sagittal anatomy of the sacrum among young adults, infants, 

and spondylolisthesis patients. Eur Spine J. 2002;11:119–125. DOI: 10.1007/

s00586-001-0349-7.

20. Shevtsov VI, Dyachkova GV, Novikova OS. Age-related X-ray features of the spine 

in patients with achondroplasia. Vestnik Rentgenologii i Radiologii.1999;(6):32-34. In 

Russian.

21. Duval-Beaupere G, Schmidt C, Cosson P. A Barycentremetric study of the sagittal 

shape of spine and pelvis: the conditions required for an economic standing position. 

Ann Biomed Eng. 1992;20:451–462. DOI: 10.1007/BF02368136.

22. Lenke L, Boachie-Adjei O, Wang Y. Spinal Osteotomy. Transl. from English. Moscow, 

St. Petersburg, 2016. In Russian.

23. Le Huec JC, Aunoble S, Philippe L, Nicolas P. Pelvic parameters: origin and sig-

nificance. Eur Spine J. 2011;20Suppl 5:S564–S571. DOI: 10.1007/s00586-011-1940-1.

24. Lafage V, Schwab F, Patel A, Nawkinson N, Farcy JP. Pelvic tilt and truncal incli-

nation: two key radiographic parameters in the setting of adults with spinal deformity. 

Spine. 2009;34:E599–E606. DOI: 10.1097/BRS.0b013e3181aad219.

25. Aranovich АМ, Klimov OV, Neretin AS. Ergonomic aspects of planning the 

locomotor system reconstruction of patients with achondroplasia. Genii Ortopedii. 

2014;(4):72–75. In Russian.

26. Novikov KI, Aranovich AM, Zykov AG, Shchukin AA, Klimov OV. Method 

for increasing the height in patients with achondroplasia.Patent RU 2281047. Appl. 

03.11.2003; publ. 10.08.2006. Bul. 22.

Address correspondence to:
Prudnikova Oksana Germanovna
Ilizarov Scientific Center for Restorative
Traumatology and Orthopaedics,
M. Ulyanovoy str., 6, Kurgan, 640014, Russia,
pog6070@gmail.com

Received 08.12.2017

Review completed 26.12.2018

Passed for printing 10.01.2018

Oksana Germanovna Prudnikova, DMSc, senior researcher at scientific-clinical laboratory of axial skeleton pathology and neurosurgery, head of traumatologic-

orthopedic department No. 10, Russian Ilizarov Scientific Center for Restorative Traumatology and Orthopaedics, M. Ulyanovoy str., 6, 640014, Kurgan, Russia, 

pog6070@gmail.com;

Anna Mayorovna Aranovich, DMSc, Prof., chief researcher of the scientific and clinical laboratory for deformity correction and limb lengthening, head of traumato-

logic-orthopedic department. No 17, Russian Ilizarov Scientific Center for Restorative Traumatology and Orthopaedics, M. Ulyanovoy str., 6, 640014, Kurgan, Russia, 

aranovich_anna@mail.ru;

Yulia Antonovna Mushtaeva, PhD in technical sciences, specialist of information and analytical department, Russian Ilizarov Scientific Center for Restorative Trau-

matology and Orthopaedics, M. Ulyanovoy str., 6, 640014, Kurgan, Russia, omo@rncvto;

Alexandr Vadimovich Gubin, DMSc, Director, Russian Ilizarov Scientific Center for Restorative Traumatology and Orthopaedics, M. Ulyanovoy str., 6, 640014, Kur-

gan, Russia, director@rncvto.ru.

The study did not have sponsorship. The authors declare no conflict of interest.



Hirurgia Pozvonochnika 2018;15(4):7–14 

14
Spine deformities

O.G. Prudnikova et al. Sagittal balance in achondroplasia patients during Ilizarov limb lengthening


