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Compensatory Mechanism of Sagittal Imbalance
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To understand the compensatory mechanisms of knee and hip joint for sagittal imbalance, it is very important to
investigate the response of each joint to the abnormal condition of other joint. Most of studies so far were limited to
the response of spine and hip joint to the sagittal imbalance and it is very rare to include the response of knee joint.
We assume four conditions and investigate the response of each joint to the abnormal condition of other joint

1. The normal response of spine and pelvis to the knee flexion contracture

2. The response of spine and pelvis to the correction of knee flexion contracture

3. The response of knee and hip joint to the loss of lumbar lordosis

4. The response of knee and hip joint to the restoration of knee and hip joint

The results show that the flextion contracture of knee joint makes hip jont flexed and loss of lumbar lordosis with
shift the sagittal balance forward. When flexion contracure was corrected like TKRA, hip joint also extended and
lumbar lordosis increase and sagittal balance moves backward. Loss of lumbar lordosis makes more positive sagittal
balance and hip joint becomes extended and knee joint flexed. The restoration of lumbar lordosis, sagittal balance
shift backward and knee joint extended. However, if restoration of lumbar lordosis is not complete, hip joint remains
extended, while knee joint becomes normal position, the extended position.
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Fig. 1. FTA: angle between vertical axis and sagittal femoral axis to represent
inclination of femur and knee flexion. FPA: angle between sagittal femoral
axis and a line joining the middle of S1 cranial endplate to the center of

bicoxofemoral axis. PT=FTA + FPA
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Table 1. Changes of spinopelvic alignment and sagittal balance in response to simulated knee flexion contracture

Knee setting FTA(°) FPA(°) PT(°) PI(°) LL(®) TK(®) B1'(mm) B2 (mm)
0° Mean 25 16.4 13.9 504 507 315 12 452
(no brace)

(n=25) ) 3.0 73 5.3 9.1 8.7 7.0 196 18.8
150 Mean 107" 5.9' 16.6 50.9 459" 33.1 23.1" 275

(n=25) SD 59 106 73 89 105 78 36.4 39.9
200 Mean 17.8' 23 155 50.4 27 30.7 476" 55'

(n=25) ) 78 131 87 95 103 67 135 532

* B1 means sagittal balance with reference point of the superoposterior comer of S1 and B2 means sagittal balance with reference point of the bicoxofemoral axis.

T Significantly different compared with parameters at 0° knee setting (p<0.05).
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Table 2. The response of spinopelvic alignment and sagittal balance by correction of knee flexion contracture with TKRA

Preop LL PT SS Pl TK FTA FPA B1(mm) B2 (mm)
441 215 37.9 59.4 27.2 8.3 132 50.5 6.3
Postop LL PT SS Pl TK FTA FPA B1 B2
481 20.8 38.1 58.9 27.4 39 16.9 39.3 9.8
Difference 4.0 -0.7 0.2 -0.5 0.2 -4.4 37 43.0 -35
p-value* 0.001 0.513 0.861 0.631 0.962 0.002 0.040 0.026 0.982

Table 3. The comparison of spinopelvic alignment and sagittal balance between normal young volunteers and patients with loss of lumbar lordosis

Normal (n=25) LL PT SS Pl TK FTA FPA B1 B2
50.7 13.9 36.4 51.1 315 -2.4 16.4 -1.2 -45.2
Loss of LL (n=14) LL PT SS Pl TK FTA FPA B1 B2
26.9 271 243 51.4 23.8 0.0 27.0 47.7 -18.2
Difference -238 13.2 -12.1 0.3 -1.7 24 10.6 48.9 27
p-value* 0.001 0.001 0.007 0.935 0.024 0.046 0.005 0.001 0.032

Table 4. Changes of spinopelvic and sagittal balance parameters after postoperative restoration of lumbar lordosis

Normal LL PT SS Pl TK FTA FPA B1 B2
50.7 139 36.4 51.1 315 2.4 16.4 -12 -45.2
Preop LL PT SS Pl TK FTA FPA B1(mm) B2 (mm)
26.9 211 24.3 51.4 23.8 0.0 21.0 47.7 -18.2
Postop LL PT SS Pl TK FTA FPA B1 B2
33.3 23.6 27.0 50.7 24.6 2.2 25.9 32.6 -25.8
Difference 6.4 -3.5 217 -0.7 0.8 22 -1.2 -15.1 -1.6
p-value® 0.005 0.005 0.069 0.602 0.649 0.036 0.244 0.301 0.535
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