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CLINICAL AND RADIOLOGICAL ASPECTS OF THE SAGITTAL
BALANCE OF THE SPINE IN CHILDREN WITH ACHONDROPLASIA
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Background. Changes in the spine with achondroplasia are represented by disorders of synostosis, the presence of
wedge-shaped vertebrae, underdevelopment of the sacrum, changes in the size of the roots of the arches, stenosis of
the spinal canal, and changes in the sagittal balance.

Aim. To investigate the clinical and radiological features of the sagittal balance of the spine in children with achondroplasia.
Materials and methods. We performed a cross-sectional clinical and radiological study of 16 patients with achondroplasia
aged 6-17 years (mean, 9.2 * 3.3 years). Radiographically, the parameters of the sagittal balance of the spine and pelvis
and scoliosis were evaluated. Clinical evaluation included orthopedic and neurological status and back pain syndrome.
Results. The anatomic features of patients with achondroplasia are limb shortening, O-shaped curvature of the lower
extremities with lateral instability of the knee joints, and flexural contractures of the hip joints. With restriction of
mobility in the hip joints, compensatory mechanisms for correcting sagittal imbalance are triggered: pelvic incline,
lumbar lordosis, and thoracic kyphosis change. The clinical manifestations of sagittal imbalance in enrolled children
were hypokyphosis of the thoracic spine in 100% and an increase in lumbar lordosis in 56.25% of patients. In 50% of
patients, wedge-shaped deformation of vertebral bodies was diagnosed at the level of the thoracolumbar transition with
the formation of local kyphosis. Neurological disorders have not been diagnosed in children.

Conclusions. The anatomical features of the lower limbs and hip joints in achondroplasia reflect the biomechanical
features of the relationship between the spine, pelvis, and lower limbs, which should be considered when planning for
orthopedic and spinal surgery after prediction.

Keywords: achondroplasia; sagittal balance of the spine; parameters of the spine and pelvis.
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O6ocHoBaHme. VI3MeHeHNA ITO3BOHOYHMKA IIPYM aXOHAPOIUIA3MNU IpefCTaBIeHbl HAPYIIEHUAMY CUHOCTO3MPOBAHMA,
Hanu4MeM KIVHOBUIHBIX IIO3BOHKOB, HEOPA3BUTMEM KPECTLA, M3MEHEHNMEM PasMePOB HOXKEK KOPHENl Iy, CTEHO30M
[T03BOHOYHOTrO KaHa/la U M3MEHEHMAMM CarUTTa/NbHOro OanaHca.

Ilenp — M3y4YuTh KIMHUKO-PEHTTEHONOIMYECKle OCOOEHHOCTM CarMTTaJbHOTO OajaHca IO3BOHOYHMKA Y JeTell
C aXOHZPOIIa3NeIl.

Marepuannl u MeTopbl. IIpoBeieHO KpOcCC-CEKIMOHHOE KIMHUKO-PEHTTEHONIOINYeCKoe MCCIejoBaHMe 16 MalnueHToB
¢ aXOHJIpoIIIa3Mell B Bo3pacTe OT 6 o 17 ner (cpepumit BospacT — 9,2 + 3,3 roga), HOCTYNMBIINX I IIePBIYHOTO
YANMHEHUS HIDKHUX KOHEYHOCTelt. [IINTeIbHOCTD UCCIeNoBaHms: ¢ OKTAOps 2016 mo anpens 2018 r. PenTreHomornye-
CKJI OLIeHNMBA/IY IIapaMeTpbl CATUTTANbHOTO HanaHca IO3BOHOYHMKA U Tasa, CKomno3. KimHndeckas oleHKa BKIOYasa
OpTOIIeAYeCKIIT ¥ HEBPOJIOTMYECKUII CTAaTYC, 60/IeBOI CMHAPOM B cryHe. [l 06pabOTKY JAHHBIX NMIPUMEHANN MaKeT
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craTuctudecknx mporpamm Microsoft Office Excel (2016): Bbruncienue cpenHest apudmerndeckoit (M) u OTKIOHeHNe
cpenHero (+m), koadduurent koppenauuu IInpcona (r) ¢ ouenkoit mo mxane Yegmoxa.

Pesynprarhl. AHATOMMYECKMMY OCOOEHHOCTAMM OONBHBIX C aXOHJIPOIUIA3NUell ABIAIOTCA YKOpOUYEHMEe KOHEUHOCTet,
O-o06pasHoe MCKpUBTIEHNE HIDKHUX KOHEYHOCTEN ¢ 6OKOBOJ HEeCTaOMIBHOCTBIO KOJIEHHBIX CYCTaBOB U CrMbaTelbHbIe
KOHTPAKTYpHI Ta300€peHHBIX CYCcTaBoB. [Ipu orpaHMYeHNN TOABYDKHOCTY B Ta300e[PeHHBIX CYCTaBaX 3aITyCKaITCA
KOMIIEHCATOPHbIE MEXaHM3Mbl KOPPEKIMI CaruTTalbHOIO yuchaaaHca: M3MEHAIOTCA Yro/l HaK/IOHA Ta3a, HOACHUYHbII
TIOpHo3, IPyAHOI Kudos. KnuHudeckumm mposiBieHMsIMI CaTUTTaIbHOTO AycbamaHca y UCCIeAyeMbIX feTeil ObIm Iu-
HOKU(O3 IPySHOrO OTHeNa MO3BOHOYHMKA B 100 % ciydaeB M yBeIMdeHMe NMOACHUYHOTO JIOPHo3a y 56,25 % 6ormb-
HBIX. Y 50 % NaIeHTOB AMarHOCTMPOBaHA KIMHOBMAHAA AedopMalys Tel MO3BOHKOB Ha YPOBHE IPYHOIOSACHUY-
HOTO Tepexofia ¢ GOPMUPOBAaHNEM JIOKaNIbHOTO Kudo3a. Y fmeTell He 0OHAPY>KeHO HEBPOJIOTMYECKUX HapyLIEHMIL.
Bripa>keHHOCTD 007I€BOrO CHHAPOMA B CIVHE Y 5 4e/loBeK Kojebanach ot 2 o 4 6ajIioB.

3akmiouenue. [I1a meTelt ¢ aXOHAPOI/Ia3Mell XapaKTepPHO yMeHbIIeHMe IPYAHOro Kudosa, yBenmdeHne MOACHNIHO-
rO JIOp/I03a, Ta30BOrO MHAEKCA, YI/IA HAK/IOHA Tasa M BEePTUKAIbHOI OCU TYIOBMUIIA. AHATOMUYECKNEe O0COOEHHOCTI
HIDKHMX KOHEYHOCTell U Ta3o0elpeHHBbIX CYCTaBOB IPY aXOHAPOIUIA3MM OTPKAIT 6MOMeXaHMYeCKue 0COOEHHOCTU
B3alIMOOTHOLIECHNII TO3BOHOYHMKA, Ta3a, HIDKHIX KOHEYHOCTEN, 4YTO HeOOXOAMMO YYUTBIBATh NpY IUIaHMPOBAHUU

OpTONIIEAMYECKMX BMEIIATE/IbCTB U IIPOTHO3VPOBAHUN COCTOAHMA ITO3BOHOYHMKA ITOC/IE onepaumﬁ.

KnroueBbie cmoBa: AXOH pOIIa3Nni; CarUTTa/IbHBIN OaaHC IIO3BOHOYHMKA; IIO3BOHOYHO-TAa30BbIE ITapaMETPhI.

Background

Achondroplasia, a genetic skeletal dysplasia,
is characterized by disproportionate short sta-
ture along with spinal pathology [1-3]. Spinal
changes in achondroplasia are represented by
synostosis disorders, wedge-shaped vertebrae,
sacral underdevelopment, changes in the sizes of
the pedicle radices of arches, spinal stenosis, and
abnormal sagittal balance [4-9].

Many publications discuss surgical correction of
kyphotic deformities with a wedge-shaped deformity
of the vertebral bodies and laminoplasty for spinal
stenosis [9-13]. The study of the sagittal balance of
the spine and its relationship with the pelvis and
lower extremities is essential for understanding
of the physiological and pathophysiological
aspects of achondroplasia, planning of orthopedic
interventions, and predicting the state of the spine
after surgery [14-17].

On that account, the present study aimed to
analyze the clinical and radiological aspects of the
sagittal balance of the spine in pediatric patients
with achondroplasia.

Methods

Study design: cross-sectional study.

Acceptance criteria

Inclusion criteria: patients under 18 years of age
with achondroplasia.

Exclusion criteria: patients over 18 years of age
or patients with diseases other than achonodroplasia
systemic diseases.

Study period

The study was performed from October 2016 to
April 2018.

Research methods

Radiological examination

Radiological assessment parameters included
angle of scoliosis (Cobb), angle of thoracic kyphosis
(TK, at the level of vertebrae Th,-Th,,), angle
of thoracolumbar kyphosis (TLK, at the level of
vertebrae Th,,-L,), angle of lumbar lordosis (LL,,
at the level of vertebrae L,-S,, and LL,, at the level
of vertebrae L,-S,), sagittal vertical axis (SVA),
pelvic index (PI), pelvic tilt (PT), and lumbosacral
angle (SS). Radiological measurements were
performed using the Surgimap v2.2.12.2 program.

Clinical study

Orthopedic and neurological statuses were
assessed by using the previously published
methods [18], whereas the pain syndrome at the
back was measured with Wong-Baker Numerical
Rating Scale of Pain [19].

Statistical analysis

Statistical software package Microsoft Office
Excel (2016) was used for data processing. The
arithmetic mean (M), the deviation of the mean
(+m), and the Pearson correlation coefficient (r) with
assessment by the Cheddock scale were calculated.

Results

The mean age of patients was 9.2 + 3.3 years
(range 6-17 years). The male to female ratio in
patients was 6 : 10.

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6.

Issue 4. 2018



ORIGINAL PAPERS

Sacral hypoplasia
Wedge-shaped vertebrae

Rib deformity

Contractures of the hip joints
Scoliotic posture

Pronounced lumbar lordosis

Smoothness of the thoracic kyphosis

1 (6.25%)

8 (50%)
10 (62.5%)

16 (100%)

4 (25%)

9 (56.25%)
16 (100%)

Fig. 1. Diagram of the orthopedic status of patients

During clinical examination of the trunk,
smoothness of the thoracic kyphosis was determined
in all patients. As shown in Fig.1, increased lordosis
of the lumbar spine was detected in 9 patients
(56.25%), scoliotic spinal deformity in 4 patients
(25%), and deformity of the chest in the form of
retraction of the anterior segments of ribs (from 2
to 6) was noted in 10 cases (62.5%).

Radiographically, wedge-shaped deformity of the
vertebral bodies at the level of the thoracolumbar
transition (Th;,-L,-L,) with formation of local
kyphosis was diagnosed in 8 patients (50%) (Fig. 2),
and sacral hypoplasia was diagnosed in one patient.

During clinical assessment of the condition of
the lower extremities, O-shaped curvature of the
lower extremities with lateral instability of the knee
joints and flexion contractures of the hip joints were

a

revealed in all children. The range of motion in
the right and left hip joints is tabulated in Table 1
below.

Patients did not show any gross violations in
their neurological status. Moreover, the severity of
the pain syndrome at the back of 5 patients (aged
9-14 years) ranged from 2 to 4 points [19].

Radiological parameters of the sagittal balance
are presented in Table 2.

When determining the relationship between the
sagittal balance indices, it was revealed that the SVA
showed a moderate correlation (r = 0.5) with TK.
The index of TK was moderately correlated with
lumbar lordosis LL, (r = 0.4). In addition, the
pelvic coefficients PI, PT, and SS showed an average
correlation force with the values of lumbar lordosis
LL, (r=0.6).

b

Fig. 2. Photo (a) and spondylograms () of a 7-year-old patient with achondroplasia. The thoracic kyphosis was smoothed,
the lumbar lordosis was intensified, and the wedge-shaped deformity of the vertebral bodies Th,,, L, was evident (arrows)
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Table 1

The range of motion in the hip joints

Types of movement Right Left Normaé /11nld;ce<;srsfo[rl g]h ildren
Flexion (with the leg straightened in the 1309+ 2.6 132.1+3.0 146/38
knee joint in the prone position) (°) (125-140) (130-140)
. o 22526 225+2.6
Extension (°) (15-25) (15-25) 27/25
. o 44.6 £ 3.3 449 £ 4.1
Abduction (°) (36-50) (35-55) 49/45
. o 27.1+£58 26.8 + 6.1
Adduction (°) (20-40) (20-40) 28/29
External rotation (°) 4(2323:52)8 4(232::53)5 43/42
Internal rotation (°) 5(1 4g_i_6§)0 5(1 4‘2_1-63)6 54/48

Table 2

Radiological parameters of the sagittal balance

Evaluation parameters

Results obtained

Healthy children, aged 7.3 £ 1.8
(Mac-Thiong .M., 2004) [15]

Scoliosis (°), Cobb

1.5+ 2.3 (0-14.2) -

SVA (mm)

1.3 +20.9 (-61.6-38.5) -

TK Th,~Th,, (°) 16.2 + 4.3 (4.1-23.8) 383+9.38
TLK Th,,-L, (°) 16.4 +3.2 (4.6-21.7) -

LL, LS, (°) 57.5 + 10.1 (38.9-72.3) 456+ 12.1
LL, L,-S, (°) 58.8 + 8.9 (39.1-71.5) -

PI (pelvic index) (°) 50.5 + 6.4 (36.2-63.9) 44.6 £ 10.6
PT (pelvic tilt) (°) 11.2 £4.9 (1.6-21.4) 43 +8.1
SS (lumbosacral angle) (°) 40.7 £ 5.7 (22.9-53.6) 40.3 £ 8.7

Discussion

Achondroplasia is characterized by impaired
endochondral osteogenesis, dwarfism, shortening of
the extremities with normal body height, deformities
of the extremities and spine, and macrocephaly
[2-4, 20].

There are limited publications about the aspects
of the state of spine in pediatric patients with achon-
droplasia. Studies on surgical correction of thoraco-
lumbar kyphosis [10, 12, 21-23], decompression in
stenosis of the spinal canal [9, 11, 13], and neuro-
logical complications [21] are predominant.

In a study conducted by I.O. Karikari et al.
(2012), a retrospective analysis of the indices
of the sagittal balance of pediatric patients with
achondroplasia aged from 1 month to 10 years was
conducted. The average age was 2.6 + 2.1 years [24].

J.-Y. Hong (2011) conducted a study comparing
the sagittal balance of the spine in adults with
achondroplasia (aged 17-36 years) and healthy
patients [8].

In the present study, the spinal-pelvic
relationship in pediatric patients with achondroplasia
within the age range of 6-17 years (average age was
9.2 £ 3.3 years) was analyzed. No spinal changes
were detected in patients who were within this age
group.

The data of ].M. Mac-Thiong for healthy children
aged 7.3 + 1.8 years were taken as a reference (2004)
(Table 3) [15, 16].

As shown in Table 3, in pediatric patients with
achondroplasia, the thoracic kyphosis TK increases
with age; however, this indicator remains half
of that found in healthy peers, regardless of age.
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Comparative analysis

of the indices of sagittal balance

Table 3

I'O'(z%?rzlim[gﬁt al. Present study, J.M. Mac-Thiong |].-Y. Hong (2011) [8],
Evaluation parameters >, achondroplasia (2004) [15], healthy achondroplasia
achondroplasia . - —
. (n=16) (n=35) (n=232)
(n =40)

Age of patients (years) 26+2.1 92+33 73+18 17-36
SVA (sagittal vertical axis) _ 1.3 +20.9 B 202 +10.6
(mm)
TK, Th,~Th,, (°) 13.26 £ 18 16.2 + 4.3 38.3+9.8 19.52 £ 10.3
TLK, Th,,-L, (°) 37.4+15.8 16.4 + 3.2 - 10.3 + 12.42
LL,, L,-S, (®) 58.8 + 159 57.5+10.1 45.6 + 12.1 56.12 + 11.44
LL,, L,-S; (°) - 57.5+10.1 - 46.37 £ 14.03
PI (pelvic index) (°) 36.4 + 16.6 50.5 + 6.4 44.6 £ 10.6 43.1 +17.47
PT (pelvic tilt) (°) 6.68 =+ 25.5 11.2 £+ 4.9 43 +£8.1 0.42 +12.73
SS (lumbosacral angle) (°) 36.1 +15.2 40.7 + 5.7 40.3 + 8.7 44.03 £ 9.46

In agreement to J.-Y. Hong, the index of kyphosis
of the thoracolumbar transition TLK is 3.5 times
lower than in children whose average age is
2.6 + 2.1 years [8, 24]. Kyphosis of the thoracolumbar
spine is a common form of spinal deformity in
achondroplasia, with an incidence rate of 94% in
children under 1 year of age. Nonetheless, growth
and walking can cause a regression in kyphosis
during the first 10 years of childhood [10, 17, 23].
When the child begins to walk confidently, the final
formation of hypokyphosis of the thoracic region
occurs, and the compensatory mechanisms for the
correction of the sagittal balance will be triggered.

Starting at the age of 7, 11%-15% of children
showed the formation of wedge-shaped deformities
of the vertebrae, the degree of deformity ranges
from 10° to 18° [12, 25]. In the present study, the
wedge-shaped deformity of the vertebral bodies
Th,,, L;, and L, was diagnosed in eight cases (50%).

In reference to other studies, the lumbar lordosis
index LL (LL, and LL,), in the patients of our study
have exceeded normal values and practically did not
change with age. The increase in lumbar lordosis is
the main clinical and radiological characteristic of
the sagittal balance of patients with achondroplasia.

In the age group studied, an increase in the PI
in comparison with young children was revealed,
as well as its approximation to the values of adult
patients with achondroplasia and healthy people of
all ages. The PI indicates an anatomical relationship
between the sacrum and hip joints. The PI increases
during childhood, becomes unchanged after

reaching its final growth, and henceforth determines
the remaining vertebral pelvic parameters (SS, PT,
LL, and TK) [24].

Based on the data obtained, pelvic balance indices
PT and SS in pediatric patients with achondroplasia
increase with age, but they remain relatively lower
in healthy peers. According to I.O. Karikari et al.
(2012), children aged 2.6 years showed ambiguous
results where patients with negative and positive
PT were identified. The researchers attribute these
ambiguous results to the patient age and the lack of
prospectivity of the study [24].

In the present study, the sagittal vertical axis
in adult patients with achondroplasia had large
magnitude of values. The numerical parameters
of the indicator in pediatric patients with
achondroplasia are not presented in the present study.

Scoliotic spinal deformity has been detected
in minority pediatric patients with achondroplasia
(17%) [25]. In our group of patients, scoliosis was
diagnosed in 3 of them with a magnitude of 1.5 + 2.3°.

Clinical manifestations of sagittal imbalance in
the studied patients were hypokifosis of the thoracic
spine in 100% of the patients and an increase
in lumbar lordosis in 50% of the patients. No
neurological disorders were diagnosed in the patients.

The sagittal balance of the human body ensures
an appropriate interposition of the pelvis, spine,
and lower extremities [26]. The position of the
pelvis depends on the condition and mobility of the
femoral heads and determines the vertical position
of the body [14-16].
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Anatomical aspects of the patients with
achondroplasia include limb shortening, O-shaped
curvature of the lower limbs with lateral instability
of the knee joints, and flexion contractures of the
hip joints [12, 13, 24]. When the mobility of the hip
joints is limited, compensatory mechanisms for the
correction of sagittal imbalance will be triggered,
including the pelvic tilt, lumbar lordosis, and
thoracic kyphosis change. In the group of children
studied, there was a decrease in thoracic kyphosis,
an increase in lumbar lordosis, and changes in
pelvic parameters, which naturally reflect the
biomechanical relationship of the spine, pelvis,
and lower extremities in pediatric patients with
achondroplasia.

Conclusion

Pediatric patients with achondroplasia are
characterized by a decrease in thoracic kyphosis, an
increase in lumbar lordosis, a pelvic index, a pelvic
tilt, and a vertical axis of the body. It is clinically
manifested by smoothed thoracic kyphosis of the
thoracic spine and pronounced lumbar lordosis.
In the present study, significant correlations
between the indicators of sagittal balance were
established, including the vertical sagittal axis
and thoracic kyphosis, thoracic kyphosis and
lumbar lordosis, lumbar lordosis, and pelvic
parameters.

The anatomical aspects of the lower limbs and
hip joints in achondroplasia indicate a biomechanical
relationship between the spine, pelvis, and lower
limbs, which must be considered when planning
orthopedic surgeries and predicting the state of the
spine after interventions.
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