
The hip and knee joints are often affected by osteoarthritis 
(OA), which leads to significant pain and disability caus-
ing severe negative effects on patients. The incidence of 
radiographic hip OA in the USA was estimated to be 28% 
of the African-American and Caucasian-White population 
aged > 45 years, while 10% of these patients had symp-
tomatic hip OA.1) A study revealed that radiographic hip 
OA in those aged > 50 years was 19.6%, while clinical hip 
OA was 4.2%. Men had a higher incidence of radiologic 
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Background: Osteoarthritis (OA) of the hip and knee is a degenerative disease with complications, including reduced range of 
motion and pain. Although OA of the hip and knee is common, there are few studies that investigated if patients with this condi-
tion had affected morphological truncal parameters. The objectives of this study were to compare the morphology of the spine and 
the pelvis of patients with hip or knee OA to that of a control group (CG) and to comment on the proposed mechanisms of these 
changes and the clinical effects on patients.
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mean age of 67.62 ± 8.28 years) suffering from hip OA. The second group consisted of 45 patients (11 men and 34 women with a 
mean age of 72.47 ± 7.0 years) suffering from knee OA. These patients were compared with a CG, which consisted of 25 individu-
als (13 men and 12 women with a mean age of 69.28 ± 10.11 years). The DIERS formetric 4D analysis system was used to calcu-
late several truncal parameters in all planes. All analyses were accomplished using the SPSS ver. 17.0, and p < 0.05 was used to 
determine statistical significance.
Results: Patients with hip OA presented with significantly increased values than those in the CG for sagittal imbalance, scoliosis 
angle, vertebral rotation, trunk torsion, and pelvic obliquity, and decreased values than those in the CG for fleche lombaire. Patients 
with knee OA presented with significantly increased values than those in the CG for sagittal imbalance, apical deviation, scoliosis 
angle, vertebral rotation, trunk torsion, and pelvic obliquity. Patients with hip or knee OA, compared to the CG, had greater forward 
inclination of the spine, greater scoliosis, greater vertebral rotation and trunk torsion, and greater obliquity of the pelvis at the 
frontal plane.
Conclusions: Patients with severe hip or knee OA could have truncal morphology alterations, in addition to reduced hip or knee range of 
motion and pain. These alterations could cause significant negative effects, which may then seriously affect the patients’ quality of life.
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hip OA than did women, but men did not have a higher 
incidence of clinical hip OA.2)

The incidence of radiographic knee OA in the USA 
was estimated to be 28% of the African-American and 
Caucasian-White population aged > 45 years, while 16% of 
these patients had symptomatic knee OA.3) A study from 
Sweden revealed that radiographic knee OA in the popu-
lation aged > 70 years was 25.4%, while clinical knee OA 
was 15.4%.4) It is well documented in the literature that pa-
tients with severe symptomatic hip or knee OA experience 
substantial pain and stiffness. These are difficult condi-
tions for the elderly, especially because of mobility deficits, 
loss of independence and autonomy, and the resulting in-
creased use of health services. However, it is not yet clear if 
patients with hip or knee OA have affected morphological 
parameters of the spine and pelvis and what the possible 
clinical impacts may be. 

The objectives of this study were to compare the 
morphology of the spine and pelvis of patients with hip or 
knee OA with that of a control group (CG) and to com-
ment on the proposed mechanisms of these changes and 
consider what the clinical effects may be on the patients. 

METHODS

This study recruited three groups of individuals: patients 
with hip OA only, patients with knee OA only, and a third 
group comprising healthy individuals. The study was ap-
proved by Institutional Review Board of Athens University 
Medical School (IRB No. ΕΒΔ390/9-9-14), and written 
informed consent was obtained from the all participating 
patients. Patients diagnosed as having radiographic evi-
dence of severe unilateral hip or knee OA (Kellgren and 
Lawrence grade 3 or 4) were admitted to the study and as-
sessed for inclusion. The following exclusion criteria were 
applied: (1) marked OA in other joints of the lower ex-
tremities, (2) arthritis secondary to other diseases, (3) neu-

rological deficits in lower extremities, (4) history of surgi-
cal intervention in the spine or lower extremities, and (5) 
other diseases that would affect the alignment of the trunk. 
The following inclusion criteria of the CG were applied: (1) 
without OA in the joints of lower extremities, (2) without 
neurological deficits in lower extremities, (3) without his-
tory of surgical intervention in the spine or lower extremi-
ties, and (4) without other diseases that would affect the 
alignment of the trunk. The DIERS formetric 4D analysis 
system was used to calculate parameters of the trunk in all 
planes. 

Patients with Hip OA 
In total, 34 patients, 15 men and 19 women with a mean 
age of 67.62 ± 8.28 years (range, 47–84 years), were as-
sessed. The mean weight of patients in this group was 
82.32 ± 17.73 kg, mean height was 165.79 ± 8.80 cm, and 
mean body mass index (BMI) was 29.72 ± 4.31 kg/m2.

Patients with Knee OA 
In total, 45 patients, 11 men and 34 women with a mean 
age of 72.47 ± 7.0 years (range, 54–90 years), were as-
sessed. The mean weight of patients in this group was 
79.87 ± 13.79 kg, mean height was 162.16 ± 5.89 cm, and 
mean BMI was 30.36 ± 4.49 kg/m2.

Control Group 
This group consisted of 25 individuals, 13 men and 12 
women with a mean age of 69.28 ± 10.11 years (range, 55–
86 years). The mean weight of CG participants was 79.40 
± 13.08 kg, mean height was 165.04 ± 9.46 cm, and mean 
BMI was 29.00 ± 3.00 kg/m2. 

The Apparatus and Studied Parameters
The DIERS formetric 4D analysis system was used for 
recording the parameters of interest. This device is a sur-
face topography instrument that does not expose subjects 

Table 1. Homogeneity of Demographic Characteristics between the Control Group and Patients with Hip Osteoarthritis

Variable Control group (n = 25) Patient group (n = 34) p-value

Age (yr) 69.28 ± 10.11 67.62 ± 8.28 0.540

Sex (male : female) 13 (52) : 12 (48) 15 (44) : 19 (56) 0.605

Weight (kg)  79.40 ± 13.08  82.32 ± 17.73 0.371

Height (cm) 165.04 ± 9.46 165.79 ± 8.80 0.754

Body mass index (kg/m2)  29.00 ± 3.00  29.72 ± 4.31 0.482

Operated leg (right : left) - 20 (58.8) : 14 (41.2) -

Values are presented as mean ± standard deviation or number (%).



187

Kechagias et al. Truncal Changes in Severe Hip or Knee Osteoarthritis
Clinics in Orthopedic Surgery • Vol. 13, No. 2, 2021 • www.ecios.org

to radiation.5,6) The final result is a high resolution three-
dimensional back shape reconstruction. The following 
parameters were assessed in the spine: (1) sagittal plane: 
the fleche cervicale (the horizontal spatial distance from 
the kyphotic apex to the cervical apex), the fleche lombaire 
(the horizontal spatial distance from the kyphotic apex to 
the lordotic apex), the kyphotic angle, the lordotic angle, 
and the sagittal imbalance; (2) coronal plane: the coronal 
imbalance, the apical deviation, and the scoliosis angle; 
and (3) transverse plane: the vertebral rotation and the 
trunk torsion. The following parameters were assessed in 
the pelvis: (1) sagittal plane: the pelvic inclination and the 
pelvic torsion; (2) coronal plane: the pelvic obliquity; and 
(3) transverse plane: the pelvis rotation. 

Statistical Analysis
Statistical analyses were performed using SPSS ver. 17.0 
(SPSS Inc., Chicago, IL, USA) and statistical significance 
was set at p < 0.05. An independent samples t-test or 
Mann-Whitney U-test was carried out as appropriate, 
based on the distribution of the data for comparisons 
between the CG and the OA groups. The t-test and chi-
square test were used to assess homogeneity of the com-
pared groups. Power analysis was used to determine 
sample size of OA patients and CG.

Table 2. Comparison between the Control Group and Patients with Hip Osteoarthritis

Variable Control group Patient group 

Fleche cervicale (mm)  79.02 ± 18.71 91.16 ± 29.34

Fleche lombaire (mm)  39.41 ± 11.89 26.40 ± 19.29

Kyphotic angle (°) 56.18 ± 9.37 58.40 ± 12.45

Lordotic angle (°) 42.26 ± 9.13 46.43 ± 11.15

Sagittal imbalance (°)  4.19 ± 2.83  8.57 ± 5.22

Sagittal imbalance (mm)  32.88 ± 21.42  65.09 ± 41.29

Coronal imbalance (°)  1.16 ± 0.69  1.29 ± 0.94

Coronal imbalance (mm)  8.90 ± 5.01  9.27 ± 6.68

Apical deviation RMS (mm)  4.94 ± 1.81  6.22 ± 4.00

Apical deviation amplitude (mm) 11.40 ± 3.89 13.71 ± 5.94

Apical deviation max (mm)  9.20 ± 3.62 11.00 ± 5.96

Scoliosis angle (°)  12.96 ± 4.45 16.50 ± 6.69

Vertebral rotation RMS (°)  3.98 ± 1.65  5.29 ± 2.52

Vertebral rotation amplitude (°)  9.64 ± 2.84 11.97 ± 4.23

Vertebral rotation max (°)  7.80 ± 2.42  9.71 ± 3.38

Trunk torsion (°)  4.16 ± 3.82  7.88 ± 7.43

Pelvic inclination symmetry line (°)  19.04 ± 8.97  23.00 ± 10.49

Pelvic inclination dimples (°)  17.44 ± 8.32 18.94 ± 7.82

Pelvic torsion (°)  2.64 ± 1.50  3.18 ± 1.64

Pelvic obliquity (°)  0.96 ± 1.10  4.26 ± 3.69

Pelvic obliquity (mm)  1.34 ± 1.68  5.91 ± 4.74

Pelvis rotation (°)  2.08 ± 2.48  3.71 ± 3.88

Values are presented as mean ± standard deviation.
RMS: root mean square.
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RESULTS
Hip OA
The demographic characteristic comparisons between the 
CG and the patients with hip OA are described in Table 1. 
No statistically significant differences were noted between 
the CG and patients with hip OA across demographic 
variables, including age (p = 0.540), sex (p = 0.605), weight 
(p = 0.371), height (p = 0.754), and ΒΜΙ (p = 0.482). 

Comparisons between the CG and patients with hip 
OA are summarized in Tables 2 and 3. Patients with hip 
OA presented with significantly increased values com-
pared with those in the CG for sagittal imbalance (8.57° 
vs. 4.19°, p < 0.001; 65.09 vs. 32.88 mm, p = 0.001), scolio-
sis angle (16.50° vs. 12.96°, p = 0.025), vertebral rotation 

root mean square (RMS or mean value; 5.29° vs. 3.98°, p = 
0.027), vertebral rotation amplitude (11.97° vs. 9.64°, p = 
0.020), vertebral rotation max (9.71° vs. 7.80°, p = 0.020), 
trunk torsion (7.88° vs. 4.16°, p = 0.026), pelvic obliquity 
(4.26° vs. 0.96°, p < 0.001), and pelvic obliquity (5.91 vs. 
1.34 mm, p < 0.001) and a decreased value compared with 
that in the CG for fleche lombaire (26.40 vs. 39.41 mm, p = 
0.004) (Figs. 1-6).

In other words, the patients with hip OA, when 
compared to the CG, had a greater forward inclination of 
the spine, increased scoliosis, more vertebral rotation and 
trunk torsion, and greater obliquity of the pelvis in the 
frontal plane.

Table 3. Comparison between the Control Group and Patients with Hip Osteoarthritis

Variable Mean 95% CI p-value

Fleche cervicale (mm) –12.15 –25.55 to 1.26 0.075

Fleche lombaire (mm) 13.01  4.26 to 21.76 0.004

Kyphotic angle (°) –2.22 –8.16 to 3.72 0.458

Lordotic angle (°) –4.18 –9.64 to 1.28 0.131

Sagittal imbalance (°) –4.38  –6.68 to –2.07 < 0.001

Sagittal imbalance (mm) –32.21  –50.34 to –14.09 0.001

Coronal imbalance (°) –0.13 –0.58 to 0.31 0.548

Coronal imbalance (mm) –0.37 –3.55 to 2.81 0.816

Apical deviation RMS (mm) –1.28 –3.00 to 0.44 0.141

Apical deviation amplitude (mm) –2.31 –5.04 to 0.42 0.096

Apical deviation max (mm) –1.80 –4.50 to 0.90 0.186

Scoliosis angle (°) –3.54  –6.63 to –0.45 0.025

Vertebral rotation RMS (°) –1.32  –2.48 to –0.16 0.027

Vertebral rotation amplitude (°) –2.33  –4.29 to –0.37 0.020

Vertebral rotation max (°) –1.91  –3.49 to –0.32 0.020

Trunk torsion (°) –3.72  –6.98 to –0.47 0.026

Pelvic inclination symmetry line (°) –3.96 –9.17 to 1.25 0.134

Pelvic inclination dimples (°) –1.50 –5.74 to 2.74 0.481

Pelvic torsion (°) –0.54 –1.37 to 0.30 0.203

Pelvic obliquity (°) –3.30  –4.83 to –1.78 < 0.001

Pelvic obliquity (mm) –4.57  –6.56 to –2.58 < 0.001

Pelvis rotation (°) –1.63 –3.40 to 0.15 0.072

CI: confidence interval, RMS: root mean square.
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Knee OA
The demographic characteristic comparisons between the 
CG and the patients with knee OA are described in Table 4. 
No statistically significant differences were noted between 
the CG and patients with knee OA for all demographic 
variables, including age (p = 0.175), weight (p = 0.891), 
height (p = 0.176), and ΒΜΙ (p = 0.136), except sex (p = 0.034, 
there were more women than men in the patients with 
knee OA).

Comparisons between the CG and the patients with 
knee OA are summarized in Tables 5 and 6. Patients with 
knee OA presented with significantly increased values 

compared with those in the CG for sagittal imbalance 
(6.89° vs. 4.19°, p = 0.012; 50.50 vs. 32.88 mm, p = 0.026), 
apical deviation RMS (7.03° vs. 4.94°, p = 0.014), apical de-
viation max (12.02 vs. 9.20 mm, p = 0.037), scoliosis angle 
(17.62° vs. 12.96°, p = 0.002), vertebral rotation amplitude 
(12.22° vs. 9.64°, p = 0.031), trunk torsion (6.96° vs. 4.16°, 
p = 0.044), pelvic obliquity (3.27° vs. 0.96°, p < 0.001), and 
pelvic obliquity (4.63 vs. 1.34 mm, p < 0.001) (Figs. 1-6).

In other words, the patients with knee OA, when 
compared to the CG, had a greater forward inclination of 
the spine, increased scoliosis and apical deviation, more 

Fig. 1. Illustration of fleche cervicale and fleche lombaire. With permission 
of manual of DIERS.7)

Fleche
cervicale

Fleche
lombaire

Fig. 2. Illustration of sagittal imbalance. With permission of manual of 
DIERS.7)

Sagittal
imbalance

mm

Midpoint between
lumbar dimples

Vertebra prominens

Fig. 3. Illustration of apical deviation. VP: vertebra prominens, RMS: root 
mean square, amp: amplitude. With permission of manual of DIERS.7)
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Fig. 4. Illustration of the scoliosis angle. With permission of manual of 
DIERS.7)

Scoliosis angle
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vertebral rotation and trunk torsion, and greater obliquity 
of the pelvis in the frontal plane.

DISCUSSION

Hip OA
There are several studies on truncal changes in patients 
with severe hip OA. Weng et al.8) described that digital 
lateral radiographs of patients with hip OA, compared to 
those of asymptomatic controls, showed (1) more forward 
inclination of the spine in the sagittal plane, (2) greater 
incidence of unbalanced spinal-pelvic alignment, and (3) 
more anteversion of the pelvis in the sagittal plane. The 
compensatory mechanisms for the flexed hip joint with 
OA were femoral retroversion and forward inclination of 
the spine and pelvis. The study by Bendaya et al.9) in pa-
tients with hip OA showed that the sacral slope was higher 

in comparison to that of their CG, indicating that there 
was a greater anterior pelvic tilt in the sagittal plane. The 
study by Raphael et al.10) showed that patients with hip OA 
showed no differences in pelvic incidence when compared 
to the pelvic incidence in a healthy participant sample. 
Radcliff et al.11) showed that patients with hip OA had a 
higher sacral slope than a group of patients with symptom-
atic degenerative disease of the lumbar spine. Yoshimoto et 
al.12) showed that patients with hip OA had increased val-
ues for pelvic incidence, lordotic angle of the spine, pelvic 
obliquity in the frontal plane, and anterior pelvic tilt when 
compared to those of patients with low back pain. The 
finding of Weng et al.8) of forward inclination of the spine 
and the finding of Yoshimoto et al.12) of increased pelvic 
obliquity in the frontal plane coincide with the results of 
this study.

An explanation of the changes in the spine and pel-

Vertebral
rotation

Fig. 5. Illustration of vertebral rotation. With permission of manual of 
DIERS.7)

Pelvic
obliquity

DL

SP

DM

DR

(mm)

( )

VP

Fig. 6. Illustration of pelvic obliquity. VP: vertebra prominens, DR: dimple 
right, DL: dimple left, DM: dimple middle, SP: sacrum point. With per-
mission of manual of DIERS.7)

Table 4. Homogeneity of Demographic Characteristics between the Control Group and Patients with Knee Osteoarthritis

Variable Control group (n = 25) Patient group (n = 45) p-value

Age (yr) 69.28 ± 10.11 72.47  ± 7.00 0.175

Sex (male : female) 13 (52) : 12 (48) 11 (24.4) : 34 (75.6) 0.034

Weight (kg)  79.40 ± 13.08  79.87 ± 13.79 0.891

Height (cm) 165.04 ± 9.46 162.16 ± 5.89 0.176

Body mass index (kg/m2)  29.00 ± 3.00  30.36 ± 4.49 0.136

Operated leg (right : left) - 20 (44.4) : 25 (55.6) -

Values are presented as mean ± standard deviation or number (%).
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vis in patients with hip OA, as revealed in this study, will 
follow. It is known that the hip with OA is initially flexed 
due to pain, osteophytes, and contracture of the articular 
capsule. Flexion may also occur due to subluxation of 
the femoral head from the acetabulum in OA. The first 
compensatory mechanism is anterior pelvic inclination 
in the sagittal plane in order to reduce pain and improve 
coverage of the femoral head. The second compensatory 
mechanism is the increased lordotic angle of the spine so 
that the “C7 plumb line” remains over the sacral endplate 
and normal balance of the human body is preserved.8,12,13) 
However, in elderly patients with hip OA and a stiff spine, 
this mechanism is not sufficient, resulting in forward incli-
nation of the spine and sagittal imbalance.8) In this study, 

the finding of forward inclination of the spine and statisti-
cally insignificantly increased lordotic angle of the spine 
and the anterior pelvic tilt are justified when considered in 
light of this context.

The findings of greater scoliosis of the spine and 
greater obliquity of the pelvis in the frontal plane in the 
patients with hip OA could be explained by the occur-
rence of hip flexion and the coxa valga or, more typically, 
coxa vara deformity of the hip with OA. These maladapta-
tions cause functional leg length inequality that may result 
in greater pelvic obliquity and functional scoliosis in the 
frontal plane as a compensatory mechanism, as revealed in 
this study and other orthopedic studies.14-16)

The findings of greater vertebral rotation and trunk 

Table 5. Comparison between the Control Group and Patients with Knee Osteoarthritis

Variable Control group Patient group 

Fleche cervicale (mm)  79.02 ± 18.71  83.50 ± 24.56

Fleche lombaire (mm)  39.41 ± 11.89  32.35 ± 18.12

Kyphotic angle (°) 56.18 ± 9.37  61.12 ± 13.20

Lordotic angle (°) 42.26 ± 9.13  48.42 ± 16.30

Sagittal imbalance (°)  4.19 ± 2.83  6.89 ± 4.75

Sagittal imbalance (mm)  32.88 ± 21.42  50.50 ± 35.27

Coronal imbalance (°)  1.16 ± 0.69  1.24 ± 1.15

Coronal imbalance (mm)  8.90 ± 5.01  9.05 ± 7.70

Apical deviation RMS (mm)  4.94 ± 1.81  7.03 ± 3.91

Apical deviation amplitude (mm) 11.40 ± 3.89 14.04 ± 6.13

Apical deviation max (mm)  9.20 ± 3.62 12.02 ± 6.07

Scoliosis angle (°) 12.96 ± 4.45 17.62 ± 6.34

Vertebral rotation RMS (°)  3.98 ± 1.65  4.94 ± 2.59

Vertebral rotation amplitude (°)  9.64 ± 2.84 12.22 ± 5.44

Vertebral rotation max (°)  7.80 ± 2.42  9.27 ± 4.22

Trunk torsion (°)  4.16 ± 3.82  6.96 ± 6.18

Pelvic inclination symmetry line (°) 19.04 ± 8.97  24.84 ± 16.59

Pelvic inclination dimples (°) 17.44 ± 8.32  20.29 ± 12.19

Pelvic torsion (°) 2.64 ± 1.50 2.64 ± 2.24

Pelvic obliquity (°) 0.96 ± 1.10 3.27 ± 2.71

Pelvic obliquity (mm) 1.34 ± 1.68 4.63 ± 3.77

Pelvis rotation (°) 2.08 ± 2.48 3.04 ± 4.29

Values are presented as mean ± standard deviation.
RMS: root mean square.
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torsion in patients with hip OA are, to our knowledge, 
published here for the first time. A mechanism to explain 
these findings may be that the deficiency of complete in-
ternal and external rotation of the hip can cause changes in 
the trunk in the transverse plane. In this study, we found 
a similar finding of greater pelvic rotation in patients with 
hip OA, although not statistically significant, when com-
pared to that in the CG. 

It should be added that a general proposed mecha-
nism for truncal changes in patients with hip OA is the 
limitation of motion at the hip joint. In severe OA, the hip 
joint can be observed in a flexed, externally rotated, and 
adducted position. It is worth noting that patients with hip 
OA often have balance disorders, gait abnormalities, and 
decreased strength of muscles controlling the knee.17,18) 

Consequently, the abnormal new position and kinematics 
of the affected hip can cause an unbalanced upright pos-
ture with effects on the morphology of the spine and the 
pelvis in all three planes of motion.

Knee OA
There are several studies on truncal changes in patients 
with severe knee OA. Wang et al.19) described that patients 
with knee OA had greater forward inclination of the spine, 
while the hip and knee joints were more flexed than in 
the CG. Global imbalance was also observed at a higher 
rate than in the CG. Patients with knee flexion < 10° were 
characterized by decreased lumbar lordosis and forward 
inclination of the spine, and when knee flexion was in-
creased, > 10° knee flexion patients had greater forward 

Table 6. Comparison between the Control Group and Patients with Knee Osteoarthritis

Variable Mean 95% CI p-value

Fleche cervicale (mm) –4.48 –15.77 to 6.80 0.430

Fleche lombaire (mm) 7.06  –1.01 to 15.12 0.085

Kyphotic angle (°) –4.94 –10.91 to 1.02 0.103

Lordotic angle (°) –6.17 –13.23 to 0.90 0.086

Sagittal imbalance (°) –2.70  –4.78 to –0.62 0.012

Sagittal imbalance (mm) –17.62  –33.09 to –2.14 0.026

Coronal imbalance (°) –0.08  –0.59 to 0.42 0.739

Coronal imbalance (mm) –0.15  –3.57 to 3.27 0.930

Apical deviation RMS (mm) –2.09  –3.74 to –0.43 0.014

Apical deviation amplitude (mm) –2.64 –5.36 to 0.07 0.056

Apical deviation max (mm) –2.82  –5.48 to –0.17 0.037

Scoliosis angle (°) –4.66  –7.52 to –1.80 0.002

Vertebral rotation RMS (°) –0.96 –2.10 to 0.19 0.109

Vertebral rotation amplitude (°) –2.58  –4.91 to –0.25 0.031

Vertebral rotation max (°) –1.47 –3.30 to 0.37 0.115

Trunk torsion (°) –2.80  –5.51 to –0.08 0.044

Pelvic inclination symmetry line (°) –5.80 –12.96 to 1.35 0.110

Pelvic inclination dimples (°) –2.85  –8.31 to 2.62 0.302

Pelvic torsion (°) 0.00  –1.00 to 0.99 0.993

Pelvic obliquity (°) –2.31  –3.44 to –1.17 < 0.001

Pelvic obliquity (mm) –3.28  –4.87 to –1.69 < 0.001

Pelvis rotation (°) –0.96 –2.83 to 0.90 0.306

CI: confidence interval, RMS: root mean square.
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inclination of the spine and pelvis than the CG. Thus, the 
progressive compensatory mechanisms have been iden-
tified depending on the severity of knee OA in elderly 
patients. The study by Tauchi et al.20) showed a strong cor-
relation between progressive knee OA and increases in the 
spinal inclination angle. Lee et al.21) attempted to simulate 
progressive knee OA and the compaction effects among 
young patients by positioning them with a specialized 
femoral splint at 0°, 15°, and 30°. Radiologic examinations 
were performed on these patients and the results were 
decreased lumbar lordosis, greater anterior inclination of 
the spine, and no changes to the pelvis. The study by Mu-
rata et al.22) revealed that patients with a 5° reduction in 
knee extension, simulating knee OA, had reduced lumbar 
lordosis. The finding of forward inclination of the spine 
in this study coincides with the findings of Wang et al.,19) 
Tauchi et al.,20) and Lee et al.21)

An explanation of the changes in the spine and pel-
vis in patients with knee OA, as revealed in this study, will 
follow. It is known that the knee with OA is initially flexed 
due to pain, osteophytes, and contracture of articular 
capsule. The compensatory mechanism is hip flexion and 
anterior pelvic inclination in the sagittal plane in order 
to keep normal sagittal balance. In this study, the find-
ing of forward inclination of the spine was justified when 
considered in light of the above context. Furthermore, in 
this study, an anterior pelvic tilt was also observed, which, 
albeit not statistically significant, contributed to confirm-
ing the aforementioned sequence of compensatory mecha-
nisms.

The findings of greater scoliosis, apical deviation 
of the spine, and greater obliquity of the pelvis could be 
explained by contracture and varus-valgus deformity of 
the osteoarthritic knee. These cause functional leg length 
inequality that may result in truncal changes at the frontal 
plane as a compensatory mechanism, as revealed from this 
study and other orthopedic studies.14-16)

The findings of greater vertebral rotation and trunk 
torsion in patients with knee OA are, to our knowledge, 
published here for first time. The deformity of the os-
teoarthritic knee joint results in gait differences and hip 
muscle weakness. Therefore, patients with knee OA have 
maladaptive kinematic forces and load during posture and 
gait, resulting in morphological changes not only in the 
lower extremities but also in the trunk in the sagittal, fron-
tal, and transverse planes. 

Clinical Effects
The clinical effects of sagittal imbalance in patients with 
hip or knee OA can be very significant. Spinal malalign-

ment and the compensatory mechanisms might result in 
greater muscular effort and energy expenditure in main-
taining upright posture and finally extreme muscular 
demand, fatigue, significant pain, and disability.23) Several 
studies have described the relationship between spinal 
imbalance and greater pain, worsening functionality, and 
decreased satisfaction as measured by the health-related 
quality of life, Oswestry Disability Index, Scoliosis Re-
search Society, 12-item short form Survey scores.24,25) One 
more clinical effect of sagittal imbalance is the downward 
direction of the gaze that could result in greater risk of falls 
and possible fractures. 

In the frontal plane, patients with hip or knee OA 
had greater scoliosis that could be an aesthetic problem, 
as well as a cause of functional impairments, such as pain 
from excessive loading of the zygapophyseal joints and 
degeneration of the intervertebral discs from asymmetri-
cal loading. The neurologic symptoms could manifest as 
numbness, loss of sensation, and muscle weakness, espe-
cially in the legs.26,27)

Concerning the greater pelvic obliquity in the fron-
tal plane in the patients with hip or knee OA, this finding 
mainly indicates functional leg length discrepancy. As 
such, patients with hip or knee OA could have various 
orthopedic pathologies related to leg length discrepancy, 
including OA of the lumbar spinal joints, low back pain, 
knee pain, lower extremity stress fractures, and stand-
ing posture, postural balance, gait, and running impair-
ments.28,29) The clinical effects of greater vertebral rotation 
and trunk torsion in patients with hip or knee OA could 
manifest as spinal deformation and reduced spinal mobil-
ity. The greater vertebral rotation may also cause spinal 
OA, arthritis of the zygapophyseal joints, and narrowing of 
the intervertebral foramina. These may then result in pain, 
tenderness, and neurological symptoms. 

There are some limitations to this study. The first is 
that measurements using the DIERS formetric 4D analysis 
system were done by one examiner and intraobsever or 
interobserver reliability could not be calculated. However, 
measurements from the DIERS formetric 4D analysis sys-
tem are highly reproducible and comparable to radiogra-
phy. The second is that the clinical effects were not evalu-
ated for the patients with hip or knee OA of this study. The 
third is that the number of patients was limited. However, 
there were statistically significant findings in this study.

The symptoms of hip or knee OA include pain, stiff-
ness, tenderness and loss of flexibility. In this study, pa-
tients with severe hip or knee OA were also found to have 
truncal morphological alterations that could result in sig-
nificant negative effects. Nevertheless, it is unclear whether 
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a causal relationship exists between spine alignment and 
hip or knee OA. Further studies on truncal changes in pa-
tients after total hip or knee arthroplasty will be valuable 
and such studies are already in progress in our team.
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