Genij Origpedii Vol. 25, no 4, 2019

© Kotelnikov A.O., Riabykh S.O., Burtsev A.V., 2019

DOI 10.18019/1028-4427-2019-25-4-541-549

Hip-spine syndrome: the problem from the biomechanical point of view
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Relevance Compensatory mechanisms of the lumbar spine-pelvis complex in concurrent degenerative changes remain a
poorly understood problem. Numerous publications report data either from the point of view of spinal pathology or from the
point of hip joint damage. Objective To evaluate changes in the parameters of the spine-pelvis sagittal balance in patients with
the hip-spine syndrome. Materials and methods Two groups of patients with hip-spine syndrome were analysed: 1) "Hip-
spine” group (n = 54) and 2) "Spine-hip" group (n = 66). All patients underwent radiographic examination. Radiographs
of the spine with the capture of the head and hip joints in the anteroposterior and lateral projections in the standing position
were taken. Results In the first group, the position of the pelvis was within normal anteversion or pelvic hyperanteversion.
In the second group, pelvic retroversion was revealed; normal position of the pelvis (without its compensatory deviation)
was present only in several cases. Discussion Regularities in the compensatory mechanisms in the hip-spine syndrome
variants have been identified. However, cases with pelvic retroversion require further study and assessment of the balance
after surgery. Conclusion Compensatory mechanisms in hip-spine syndrome depend on the dominance of the pathological
process (joints or spine), which must be considered in evaluation of the parameters of the sagittal balance in these patients.
Keywords: hip-spine syndrome, sagittal balance of the trunk, sagittal pelvic parameters, degenerative diseases of the
spine, degenerative coxarthrosis

RELEVANCE

High incidence of concurrent pathology of the
spine and hip joint that ranges from 28.5 to 70 % [1-
4] as well as a significant number of patients suffering
from pain after surgical treatment in the lumbosacral
spine (14-50 %) and / or after hip arthroplasty (17-
20 %) [2, 5, 6] led to the formation of a separate
nosological group, hip-spine syndrome. At present, it
has been proven that the sagittal profile of the trunk
strictly correlates with the quality of life [7-10],
and the complex “hip joints and lumbosacral spine”
(hereinafter the HJ-L.SS complex) plays a key role in
the compensatory mechanisms for trunk imbalance
[10-14].

The main issue in the investigation of the hip-
spine syndrome is the biomechanical spine-to-pelvis
imbalance in the sagittal plane [3, 15-20]. A number
of publications describe the “stair-like” mechanism

in the development of degenerative pathology from
a static deformity, then the tilt of the pelvis in the
sagittal plane and, less frequently, in the frontal
plane, anteversion/retroversion of the pelvis with
hyperlordosis/hypolordosis in the lumbar spine [17-
19, 21-23]. It induces or exacerbates degenerative
changes in the HJ-LSS complex at the “upper floor”
(LSS) or “lower floor” (HJ) level.

The key hypothesis, from our point of view, is
the evaluation of the parameters of the spine-pelvis
sagittal profile, which can help the surgeon determine
the root cause of hip-spine syndrome development
in a patient, i.e. the leading pathology, the hip joints
("Hip-spine") or the spine (" Spine-hip").

Our purpose was to evaluate the parameters of
the spine-to-pelvis sagittal profile in patients with the
hip-spine syndrome.

MATERIAL AND METHODS

The study was conducted at the 1) department
of arthroplasty and 2)adult neurovertebrology
department of the clinic for spine pathology and rare
diseases of the RISC for RTO of the ministry of health
of the Russian Federation.

Study design Prospective controlled cohort study
at one centre.

Evidence level IV (UK Oxford, version 2009).

Sample features: It was assumed that the primary
cause of the hip-spine syndrome condition was
according to the nosology profile of the department
the patients were referred to.

Two groups of patients with clinical manifestations
of the hip-spine syndrome were analised: 1) Hip-spine
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group (n = 54) and 2) Spine-hip group (n = 66).
According to the Offierski&MacNab’s classification,
patients with a simple (dysfunction cause easily
revealed) and complex (dysfunction cause difficult
to reveal) type of the hip-spine syndrome were
identified. In group 1, there were 22 (40.7 %) males
and 32 (59.3 %) females. In group 2, gender subgroups
were similar, 17 (25.7 %) males and 49 (74.3 %)
females. Mean age in group 1 was 61.3 * 9.9 (range,
40 - 80 years), and 64.8 = 7.5 (range, 42-83 years) in
group 2. Recruitment period was 2016-2018.

Inclusion criteria were:

- Degenerative pathology in the HJ-L.SS complex
associated with pain both in the hip joint areas and in
the lumbosacral spine area;

- A complete radiographic file;

- No history of previous interventions in the
anatomic complex.

Calculation of the sagittal and frontal balance
parameters was performed using the Surgimap
software program. The evaluation criteria were
nine parameters of the sagittal trunk balance
(CL, TK, TLK, LL, PI, PT, SS, PI - LL, SVA).
the
angle of pelvic tilt, scoliotic deformity of the

According to anteroposterior radiographs,

lumbosacral spine according to the Cobb method,
and the angle of the sacrum slope were evaluated.
Degenerative changes in the hip joint were assessed
in the AP radiograph of the pelvis according to the
Kosinskaya classification.

Degeneration of the lumbosacral spine was
studied in the AP and lateral radiographs (patients of
Hip-Spine group) and using CT, MRI and functional
radiographs of the lumbosacral spine (patients of
Spine-hip group). LSS radiographic study evaluated
four parameters of spinal degeneration: arthritis of
the facet joints, osteophytes of vertebral bodies,
intervertebral disk height and foramen height.
The main parameters of the sagittal spine-pelvis
relationship were compared between healthy subjects
and patients with the hip-spine syndrome.

Clinical examination was conducted according to
the protocol and such questionnaires and systems as
VAS LBP VAS LE, Harris Hip score, ODI and the
Charlson comorbidity index. Everyday functional
activity was studied with IPAQ.

Statistical processing was performed using the
Statistical Package for the Social Sciences (SPSS),
version 22.0 (SPSS Inc., Chicago, IL, USA). Normality
of the distribution of the parameters studied was carried
out using the method of descriptive statistics (a histogram
with a normal distribution curve). For intergroup
comparative assessment of differences in the average
values of the analyzed parameters, the nonparametric
H-Kruskal-Wallis test was used. In the cohort assessment
of the impact of the parameters PI - LL and SVA on the
value of VAS LBP and VAS LE, one-way analysis of
variance (ANOVA) was used for the groups. Statistical
differences were regarded as significant with bilateral
p < 0.05. The results are presented as M = m.

«Hip-spine» group

Patients with clinical [ —> . . o .

festat £th (n=54) Unified Analysis of Statistical analysis
manifestations of the
hio-spine svndrome criteria of |p—{ differences > of significance of

P F:[n _ 1\!20] N «Spine-hip» group N evaluation differences
(n=66)
Time axis more than 3 years

Fig. 1 Strategy of group recruitment

RESULTS

In the first group of patients, local pain prevailed
in the hip joint: VAS 6.2 = 3.1 (range, 3 to 10) and
in LSS: VAS 4.9 + 2.5 (range, 2 to 8). There were
no other signs of neurological deficit. The average
Charlson comorbidity index was 65.7 + 31.7 (range,
0 to 100), the quality of life on the Harris hip scale
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was 44.8 * 14.3 (range, 39.4 to 58.6), and the ODI
was 40.6 = 15.9 (range, 37 to 72), which indicate a
pronounced deterioration in the quality of life of the
patients. According to the classification of Offierski
and MacNab, patients with a simple "hip-spine"
syndrome prevailed (the source of dysfunction is
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the hip joint, n = 42 or 77.7 %); 12 cases were with
complex syndrome (22.3 %).

The radiographic study revealed uni- or bilateral
coxarthrosis of grade 3 in 54 patients. All had LSS
degeneration signs such as vertebral body osteophytes
in 52 (96.29 %) patients, a decrease in the height of
the intervertebral discs and foramens in 43 (79.62 %)
patients, arthrosis of the facet joints in 48 (88.88 %),
and mainly the lower lumbar segments were affected.

The sagittal balance parameters are presented
in Table 1. An increase in C7-S1 SVA over
40 mm (average, +38.7 *39.7 mm; min.-25 mm,
max. 145 mm) was observed in 29 (53.7 %) patients.
In general, an increase in lumbar lordosis and a
decrease in thoracic kyphosis were noted in this group
in comparison with the parameters of healthy people.
The parameters of the pelvis were of particular interest:
27 patients (50.0 %) had pelvic hyperanteversion with
hyperlordosis of the lumbar spine (Fig. 1), 25 (46.3 %)
subjects had pelvis position corresponding to the
parameters of healthy people, and compensatory pelvic
retroversion with hypolordosis of the lumbar spine was
revealed in 2 patients (3.7 %). The frontal radiographic
parameters of the first group patients, presented in
Table 2, showed changes in 12 patients (22.2 %) due to
scoliotic deformity in the lumbar spine.

Neurological status of various combinations in the
second group was neurogenic intermittent claudication
(n=41, 62.1 %), radiculopathy (n=33, 50.0 %), lower
mild paraparesis (n = 4.1, 6.1 %), vertebrogenic
pain (n = 66, 100 %); VAS 6.7 * 2.4 (range, 5 to
9); arthrogenic pain (n = 66, 100 %); VAS 4.6 £ 2.5
(range, 4 to 9). The causes of the leading degenerative
spinal component were degenerative instability
(n = 22, 33.3 %), degenerative scoliosis (n = 14,
21.2 %), degenerative stenosis (n = 30, 45.5 %).
The Charlson comorbidity index was 51.7 * 31.6
(range, 2 to 97). The quality of life according to
ODI was 46.6 * 19.8 (range, 41 to 75), Harris hip
score 72.8 + 13.3 (range, 57 to 86) that indicated a
poor quality of life. According to the classification of
Offierski and MacNab, as in the first group, patients
with a simple hip-spine syndrome prevailed (source
of dysfunction was the lumbosacral spine, n = 54,
81.8 %); 12 cases had a complex syndrome (18. 2 %)

Radiographic study revealed different grades of
coxarthrosis: grade 1 in three patients (4.5 %); grade 2
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in 55 (83.3 %); grade 3 in 8 (12.2 %). Due to the
different severity and combination of degenerative
changes in the lumbar spine, group 2 was divided
into several nosological subgroups: a) degenerative
stenosis of the spinal canal type C, D according to
Schizas was 32 (48.4 %) cases; b) degenerative
instability of more than 5 White and Panjabi points
in 11 (16.6 %) cases; c) instability + stenosis of
the spinal canal in 9 (13.6 %); d) degenerative
scoliosis + stenosis of the spinal canal in 9 (13.6 %);
e) degenerative scoliosis + instability + stenosis of
the spinal canal in 5 (7.8 %) cases.

Parameters of the sagittal balance are presented
in Table 1. Disorder of the entire sagittal trunk
balance was revealed in 29 patients (43.9 %), an
increase in C7 - S1 SVA of more than 40 mm. In
contrast to the first group, the number of patients
with pelvic retroversion and hypolordosis of the
lumbar spine prevailed, n =59 (89.4 %) (Fig. 2),
and pelvic sagittal alignment corresponded to
normal parameters of healthy people in only
7 patients (10.6 %). Significant frontal deviations
were revealed in 31 patients (46.9 %) of the second
group, presented in Table 2, and were due to scoliotic
deformity of the lumbar spine.

The average daily functional activity among the
patients of the two groups according to the IPAQ
questionnaire was 5.6 * 1.3 points and shows a
low functional activity of the patients and their
predominantly sedentary lifestyle.

The
parameters in two groups is presented in Figure 3.

distribution of sagittal spine-pelvis
The distribution for all parameters was not normal;
therefore non-parametric criteria of the analysis of
variance and correlation were used. The results of
the correlation analysis show a strong relationship
between LL and SS (r = 0.84; p < 0.05), which
indicates the relationship between pelvic anteversion/
retroversion and hyper/hypolordization of the lumbar
spine. A positive correlation was also observed in
the “Spine-Hip” group between the VAS LBP value
and the “PI - LL” and “SVA” values (r = 0.62;
p < 0.05). Significance of differences in the sagittal
parameters between the two groups, according to the
Kruskal-Wallis H test is presented in Table 3. A weak
significance of differences was noted between all
parameters analysed, except for SS (p = 0.05).
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Table 1

Sagittal spine-pelvis parameters in healthy subjects and patients with the hip-spine

Parameter

Healthy subjects

Hip-spine group

| Spine-hip group

PI (pelvic incidence)

Minimum 33 32 27
Maximum 85 75 81
Medium 51.7 +11.5 53.4+10.4 50.1 £12.1
PT (pelvic tilt)
Minimum -1 -5 7
Maximum 27.90 28 39
Medium 12.3+59 +11.5+6.3 23.3%6.7
SS (sacral slope)
Minimum 19.5 18 3
Maximum 65.5 59 50
Medium 39.4+£9.3 41.7%9.1 26.2+ 9.3
Lumbar lordosis (LL)
Minimum -26 -30 +2
Maximum -76 -87 -82
Medium -46.5+11.1 -57.3+11.2 -38.5+15.9
Thoracic kyphosis (TK)
Minimum +25 +10 +1
Maximum +72 + 65 + 66
Medium +47+9.2 +31.7 £ 11.2 +28.2 £14.3
Sagittal vertical axis (SVA)
Minimum -25 -28
Maximum +145 +159
Medium +38.7 £ 39.7 +40.3 + 41.6
Fig. 2 Variants of compensatory
mechanisms in patients of
the “Hip-spine” and “Spine-
hip” groups: patient 1 from
I the “Hip-spine” group with
AntiPon pelvic hyperanteversion and
& pr 12.2- 2100 1T hyperlordosis of the lumbar
_- : el - ol spine; patient 2 from the
P 617 L arr ar "Spine-hip" group with pelvic
= Py (376~ 508 = 55 (285 - 42.] retroversion and hypolordosis
of the lumbar spine
- L -TAE [-67.7 - ~45.5] & L1 (595 - -418)
544
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Frontal pelvis-spine parameters in patients with hip-spine syndrome

Table 2

Parameter Hip-spine group | Spine-hip group
Pelvic tilt
Minimum 0 0
Maximum 14 5
Medium 2.1+25 1.9%1.5
Sacral slope
Minimum 0 0
Maximum 0 3
Medium 0 0.1£04
Scoliotic deformity in the lumbosacral spine
Minimum 0 0
Maximum 38 40
Medium 3.3%6.7 59+8.8
L g b nnli.mnﬂ H-Fn-'.-::pl
B - E— - - - L]
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Fig. 3 Distribution of spine-pelvis parameters in two groups
Table 3
Parameter Significance of difference in sagittal parameters between «Spine-hip» group and
Hip-spine group according to H Kruscal Wallis test

Lumbar lordosis (LL) p = 0.08
PT p =0.07
SS p =0.05
PI-LL p=0.09
Sagittal vertical axis (SVA) p = 0.08
Thoracic kyphosis (TK) p =0.08
Cervical lordosis (CL) p =0.09
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DISCUSSION

Hip-spine syndrome as a complex of symptoms
in combined degenerative lesions of the hip joints,
sacroiliac joint, and lumbar spine was first introduced
by Offierski, MacNab in 1983 [24]. Some researchers
opine that the primary cause of the hip-spine syndrome
is degenerative changes in the hip joints, but a number
of others point to the role of spinal pathology [5, 25-
32]. Based on the clinical examination, it is difficult
to distinguish hip pathology from degenerative spine
pathology. Moreover, those pathologies are frequently
concurrent and interrelated, and to determine the
main source of pain is not easy. Symptoms like
pain in the lumbosacral, gluteal region, irradiation /
no irradiation to the lower extremities, lameness /
without claudication are typical for patients with
degenerative changes in the spine and hip joints [5,
33-35]. By assessing the Rg-disorders in the spine
and hip joints, significant changes in these parts of the
body are found in the overwhelming number of cases.
The inability to reliably determine the root cause of
pain leads to an irrational approach to treatment and,
consequently, an increase in the time and cost of
treatment, affects the relationship between the patient
and the doctor, and also increases the risk of legal
problems [1, 4, 36, 37].

In the surgical correction of spinal deformities, it
is the effect on the sagittal balance and lumbar-pelvic
parameters that significantly improves the quality of
life according to HRQoL scores [38-44]. The pioneer
in the study of sagittal balance is Jean Dubousset,
who showed the need to understand the balance
assessment in his numerous works [8, 45-47].
Parameters of the sagittal spinal-pelvic balance of the
vertical posture were studied by G. Duval-Beapure et
al. in 1992 [48] with barycentrimetric studies. A large
number of radiological parameters were adopted
for an integral assessment of the balance. Position
of the pelvis is a key in determining the sagittal
balance of the spine. It should be remembered that
most of the compensatory abilities in imbalance are
possible due to a change in the position of the pelvis
[14, 22, 49-53]. The main parameter of the pelvis is
PI (deviation of the pelvis from the vertical axis), due
to the fact that it is an unchangeable morphological
and individual parameter for each person. Due to PI
integration with dynamic parameters of the pelvis and
spine (PT is the horizontal inclination of the pelvis,
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SS is the inclination of the sacrum, LL is the lumbar
lordosis), we can detect one or another local sagittal
imbalance of the trunk, comparing the data obtained
from healthy people of different age groups.

Dynamic parameters are interrelated, with the
strongest correlation among healthy people being
traced between lumbar lordosis GLL and the sacrum
slope SS (p < 0.001; R = 0.86) [14, 17, 54, 55]. The
ideal value of RT (pelvic tilt) does not exceed 50 %
of the PI parameter, and the ideal value of the sacrum
slope SS exceeds 50 % of PI [55-58]. Recent works
on the study of the sagittal profile in patients with
hip-spine syndrome show various variants of static
deformities in such patients. Foreign and domestic
authors divided patients of this category into two
groups: patients with excessive pelvic anteversion
and lumbar hyperlordosis, and patients with pelvic
retroversion and lumbar hypolordosis [17,19, 21,
22, 53, 54]. The data of our study coincide with the
findings of previous studies, and also indicate the
relationship of the compensatory mechanism of the
sagittal imbalance with the prevailing pathology,
"spine" or "hip" in the HJ-L.SS complex. So, our study
revealed that patients in whom pain in the hip joints
prevailed (Hip-Spine group, n=54), had the position
of the pelvis within the normal anteversion or there
was pelvic hyperanterversion.

Two cases with pelvic retroversion (3.7 %)
belonged to the complex type of the hip-spine
syndrome (according to Offierski and MacNab)
and required further observation and evaluation of
the results after surgery. Patients with a dominant
pain in the lumbosacral spine (Spine-hip group)
had compensatory retroversion of the pelvis and
hypolordosis of the lumbar spine. Seven cases of a
normal position of the pelvis (10.6 %) had one-segment
instability of grade 1 due to initial degenerative
changes (changes in the disc corresponded to
Pffiraman grades 2 and 3), degenerative changes in
the hip corresponded to stages 1 and 2 of unilateral
coxarthrosis. The clinical picture of these patients,
according to the questionnaires, is a moderate
decrease in the quality of life: ODI was 40.3 £ 9.8,
HHS was 75.4 = 7.3. The normal position of the pelvis
in these patients can be explained by a compensatory
mechanism that has not started yet due to mild
degenerative changes in the spine and hip joints.
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In our opinion, the results of this study would have
a practical value for surgeons in the situations when it
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is difficult, and sometimes impossible, to identify the
dominant pathology in the hip-spine syndrome.

CONCLUSION

Patients with hip-spine syndrome and prevailing
hip pathology have normal anteversion preserved or
compensatory pelvic hyperantversion with hyperlordosis
of the lumbar spine while the patients with the clinical
prevalence of spine-hip syndrome have the reverse
mechanism, pelvic retroversion with hypolordosis of
the lumbar spine. The clinical picture and the functional
status of the patients of this nosological group prove a

low level of quality of life and a predominantly sedentary
lifestyle, characteristic of these patients.

Limitations This work requires further research
with a multicenter and inter-observer assessment
of the validity of the parameters studied. It is also
planned to evaluate the parameters of the sagittal
balance after surgical treatment in order to identify
the presence or absence of the patterns obtained.
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