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Clinical Practice Guideline: Surgical Sequencing and
Management of Hip-Spine and Knee-Spine Syndromes

Arvind J. Vatkar', Sachin Kale’, Sumedha Shinde’, Ashok Shyam'

Hip-spine and knee-spine syndromes are complex, multisegmental degenerative conditions where spinal, pelvic, hip, and knee
pathologies interact biomechanically. Effective management requires a holistic approach, not isolated joint treatment. Key!
compensatory changes, including loss of lumbar lordosis, sagittal imbalance, and lower-limb contractures (pelvic retroversion, hip
extension, knee flexion), impact posture, pain, and function. Spinopelvic parameters, like pelvic incidence, are crucial for
alignment, surgical planning, and outcomes in total joint arthroplasty. Clinical assessment must distinguish true joint pathology
from referred spinal pain to prevent misdiagnosis and inappropriate surgical sequencing. Current evidence favors a global,
alignment-focused strategy, involving careful preoperative imaging, recognition of deformities, and multidisciplinary planning to
optimize the timing of arthroplasty and spine surgery. Restoring lower-limb mechanics often relieves low back pain and improves
overall balance, mobility, and quality oflife.
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Introduction: The Clinical Paradigm of Multi-Segmental
Degeneration

In the modern landscape of spinopelvic bio-architecture,
treating degenerative joint disease in isolation is an antiquated
and incomplete strategy. Patients frequently present with multi-
segmental degeneration across the kinetic chain, manifesting as
Hip-Spine Syndrome (HSS) and Knee-Spine Syndrome
(KSS). This clinical entity synthesizes the pioneering work of
Offierski and MacNab (Hip-Spine) and Tsuji et al. (Knee-
Spine), recognizing that the spine, pelvis, and lower extremities
are anatomically and functionally inseparable These syndromes
represent a failure of the "chain of balance,” where disorders of
the lumbar spine and lower extremities overlap [ 1].

To achieve optimal surgical outcomes, the practitioner must
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evaluate the patient as a biomechanical whole, acknowledging
thata deformity in one segment inevitably forces compensatory
shiftsin others.

The prevalence of concurrent low back pain (LBP) in patients
seeking lower-limb arthroplasty is remarkably high. Diagnostic
accuracyis paramount to avoid the clinical failure of treating the
wrong driver of disability. (Table 1)

Epidemiological Prevalence of LBP in OA Populations
Clinical Pearl: The high incidence of concurrent LBP
underscores the necessity of a global radiographic and clinical
screening of the spine in all patients scheduled for joint
replacement [1].

Biomechanical Framework: The "Cone of Economy" and
Compensatory Mechanisms
The maintenance of an ergonomic upright posture is governed
by the "Cone of Economy." In a physiological state, the body
aligns the head, spine, pelvis, and lower extremities to maintain
balance as an inverted pendulum with minimal energy
expenditure. When the center of gravity remains within this
narrow cone, stability is high. However, as degenerative changes
expand the cone, the metabolic cost of standing increases,
eventually necessitating supportive devices to mitigate fall risk

[2].
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Figure 1: Sequential compensatory deformities in spine, hip and knee
to compensate spinal kyphosis.

Table 1: Prevalence of concurrent low back pain in hip and knee

osteoarthritis.

Prevalence of  Typical LBP Severity
Cohort Concurrent LBP (VAS)
Hip Osteoarthritis (OA) 55885 |oderateto Severe
P 0070 (Avg. 6.84)
o Moderate to Very
0,
Knee Osteoarthritis (OA) 62.22% Severe (Avg. 6.39)

When the spine loses its sagittal profile—specifically the loss of
lumbar lordosis (LL)—the body triggers a predictable,
sequential chain of compensatory mechanisms: Figure 1.

1. Spinal Kyphosis: Forward truncal shift, increasing the Sagittal
Vertical Axis (SVA).

2. Pelvic Retroversion: Posterior tilting to pull the center of
gravity back over the base of support.

3. Hip Extension and Knee Flexion: Utilization of lower limb
"crouch” to maintain uprightness.

4. Ankle Dorsiflexion: The final link in the kinetic chain to
prevent forward tipping [3].

The "So What?" Factor: Impact on Quality of Life These
mechanisms are energy-intensive. An increased SVA correlates
directly with a decline in health-related Quality of Life (QOL)
due to chronic muscle fatigue and restricted activity.
Furthermore, the shift in the center of gravity impairs the
patient’s ability to react to environmental perturbations,
significantly increasing fall risk. In the aging population, these
fallslead to high-morbidity fractures, making global alignment a
critical survival factor rather than a mere comfort metric [4].

The Pelvic Incidence (PI) and Spinopelvic Parameters
Pelvic Incidence (PI) is the fundamental anatomical bridge
between the spine and the hip. Defined as the angle between a
line perpendicular to the sacral plate and a line connecting the
midpoint of the sacrum to the center of the femoral head, PI
dictates the capacity for lumbarlordosis and sagittal balance.
While PI was historically viewed as a "fixed parameter,” recent

bio-architectural insights reveal a dynamic reality in the aging
skeleton. SIJ instability and degeneration allow for nutation
(sacral tilting) and counternutation, meaning P measurements
are posture-dependent in older cohorts [S].

“The assumption of a fixed PI is challenged by aging-related
sacroiliac joint (SIJ) instability. Postural changes in the PI have
been reported to decrease from flexion to extension. Studies
indicate that 12.5% of patients undergoing lumbar spine surgery
exhibit a PI change of more than 10 degrees on the operating
table compared to their standing radiographic profile"[S].
Increased PI correlates with higher risks of spondylosis,
stenosis, and disc herniation. Crucially, PI dictates acetabular
cup orientation; failure to account for these parameters during
Total Hip Arthroplasty (THA) leads to improper positioning,
edgeloading, and post-surgical dislocation.

The Critical Role of Spinal and Pelvic Examination
The lumbar spine acts as the primary regulator in the
compensatory mechanism between the head and the lower
extremities. Because the spine, pelvis, and hips are linked, the
clinician must maintain a high index of suspicion for
"misdiagnosed hip-spine syndrome.” A frequent diagnostic
pitfallis the failure to recognize that thigh, hip, or knee pain may
be the clinical triad of L3 nerve root radiculopathy rather than
localjoint osteoarthritis.

Conversely, severe hip OA often forces a forward-bending
trunk, which triggers secondary low back pain (LBP) through
compensatory muscle strain. To differentiate these pathologies,
the "Pendulum Test" serves as a critical diagnostic differentiator.

By identifying true hip pathology through specific physical

Table 2- Significant resolution of low back pain after hip and
knee replacement.

Total Hip Total Knee
Measurement Arthroplasty  Arthroplasty
(THA) (TKA)
Preoperative VAS (LBP) 6.84 6.39
4 Months Postoperative VAS 2.58 4.79
12 Months Postoperative VAS 2.53 4.04
Patients with LBP Improvement 79% 50%
Pl increase PI decrease

Nutation

Figure 2: Nutation and counternutation and its effect on pelvic
incidence[6].
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maneuvers, the surgeon can distinguish between joint-
originated pain and referred lumbar radiculopathy, preventing
unnecessary or incorrectly targeted surgeries. These clinical
observations, however, require validation through objective
metrics and advanced radiographic parameters to formulate a
precise surgical roadmap [ 7].

Evidence-Based Rationale for the "Arthroplasty-First"
Approach
In the presence of concurrent joint and spinal degeneration, the
clinician should prioritize the "Arthroplasty-First" approach.
Restoring lower-limb mechanics often facilitates a spontaneous
resolution of LBP, which may render spinal intervention
unnecessary. (Table2)

Clinical Outcomes: LBP Resolution Post-Arthroplasty[1]
Evaluating the Proximity Effect and Resolution Barriers THA
yields a 79% resolution rate, significantly higher than TKA’s
50%. This "proximity effect” occurs because the hip joint is
anatomically closer to the lumbopelvic complex. Conversely,
KSS resolution is often hindered by knee flexion contractures
and leg length discrepancies that cause persistent trunk
imbalance. Notably, while LBP improves, there is no obvious
correlation between LBP resolution and the correction of pelvic
obliquity or joint pain; LBP resolution mechanisms remain
complexand independent of these specific parameters[ 8].

Multidisciplinary Clinical Assessment and Risk
Mitigation

Interdisciplinary communication between surgeons and
therapists is mandatory to prevent "mishit” surgeries.
Diagnostic clarity requires categorizing the patient according to
the Offierski and MacNab framework with associated clinical
directives:
« Simple HSS: Primary involvement of one area with minor
changesin the other.
o Directive: Proceed with the symptomatic joint; monitor the
secondarysite.
« Secondary HSS: Spinal symptoms result from compensatory
posture (e.g., hyperlordosis from hip flexion).
o Directive: Prioritize the hip to resolve the spinal driver.

« Complex HSS: Significant, independent degeneration in both
segments.

o Directive: Simultaneous multidisciplinary planning;
prioritize the joint to stabilize kinematics.

« Misdiagnosed HSS: Symptoms are incorrectly attributed (e.g,,
L3 radiculopathy mistaken for hip OA).

o Directive: Mandate a Pendulum Test or L3 radiculopathy
screening to confirm the true pathology [9].

Surgical Sequencing Risks Sequencing is critical: spinal fusion
preceding THA—especially those involving pelvic or sacral
fixation—"locks" the pelvis. This loss of pelvic kinematics
prevents posterior tilt during sitting, drastically increasing the
risk of posterior hip dislocation. Joint restoration should occur
while pelvic mobilityis preserved[10].

Conclusion and Procedural Recommendations
This guideline mandates a holistic mandate: the knee-hip-spine
is an interconnected system. Clinical success depends on the
restoration of global sagittal alignment and the stabilization of
the kinetic chain.

Practitioner Checklist for HSS/KSS Management:

o Prioritize Arthroplasty: Perform THA or TKA before spinal
surgery to leverage spontaneous LBP resolution.

« Global Alignment Mandate: Conduct 3D sagittal assessments
(SVA, LL, PI) preoperatively for all complex cases.

« Monitor Independent Markers: Monitor pelvic obliquity for
coronal balance assessment; however, do notuse it as a proxy for
LBP resolution.

« Mandate Postural PI Assessment: Evaluate PI in multiple
positions for elderly patients to account for SIJ instability
(nutation/counternutation) before spinal planning.

« Identify Contractures: Screen for knee flexion contractures in
KSS, as these are primary drivers of trunk imbalance and lower
LBP resolution.

Final Statement: The clinical priority remains lower-limb
restoration. While the link between LBP resolution and pelvic
obliquity is not clear, the stabilization of the kinetic chain
through arthroplasty is the most effective first step in improving
global balance, restoring the "Cone of Economy," and
preventing falls in the aging population.
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