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Flat back deformity is a condition in which the normal inward curve of the lower spine (lumbar lordosis) is lost,

causing the spine to become abnormally straight — or even reversed. The result is a forward-leaning posture, chronic

pain, and significant loss of function. With the right diagnosis and treatment, correction is possible and the outcomes

can be life-changing.

Normal Alignment

Healthy lumbar lordosis — balanced
posture & even load distribution

Flat Back Deformity

Loss of lumbar lordosis — forward lean,
painful disc/joint overload (highlighted

red)

Surgical Correction

Instrumented fusion restoring lordosis
and sagittal balance

1. What Is Flat Back Deformity?



The healthy lumbar spine has a gentle inward curve called lumbar lordosis. This curve is not merely aesthetic — it is

biomechanically essential. It positions the body's center of gravity directly over the hips and ankles, allows upright

standing with minimal muscular effort, and distributes spinal loads evenly across the discs and joints.

In flat back deformity (also called lumbar hypolordosis or sagittal imbalance), this curve is diminished or absent.

The spine becomes straight or kyphotic (curved outward) in the lumbar region. To maintain an upright gaze, patients

must compensate by bending their knees, thrusting their hips forward, and overworking the muscles of the back, hips,

and legs — a constant, exhausting struggle against gravity.

The key measurement used to assess alignment is sagittal vertical axis (SVA) — the horizontal distance between a

plumb line dropped from the C7 vertebra and the back of the sacrum. In a normally aligned spine, this distance is less

than 5 cm. In flat back deformity, the SVA is increased — sometimes dramatically — meaning the patient's center of

gravity has shifted forward of the pelvis.



2. Causes & Risk Factors

Flat back deformity may develop gradually over years from degenerative processes, or may arise directly as a

complication of prior spine surgery. Understanding the cause is critical to planning the appropriate correction.

Degenerative Disc Disease
As lumbar discs dehydrate and collapse with

age, they lose their wedge-shaped height —

particularly anteriorly. Since lordosis depends on

discs being taller in front than in back, disc

collapse progressively flattens the lumbar curve.

This is the most common natural cause.

Degenerative Scoliosis
Age-related asymmetric disc and facet

degeneration can cause both coronal (sideways)

and sagittal (front-to-back) deformity, frequently

combining scoliosis with flat back deformity.

Compression Fractures (Osteoporosis)
Vertebral compression fractures from

osteoporosis cause anterior height loss and

progressive kyphosis (forward rounding),

contributing to sagittal imbalance over time.

Ankylosing Spondylitis
This inflammatory condition causes progressive

fusion of the spine in a flexed posture, producing

severe rigid flat back deformity that cannot

compensate through normal mechanisms.

Post-Surgical Flat Back — A Critical Consideration
Flat back deformity is frequently seen in patients who have
undergone prior spine surgery — particularly lumbar fusion

— when sagittal alignment was not adequately restored or

maintained. This is one of the most important and preventable

causes:

• Distraction instrumentation: Older Harrington rod systems

used for scoliosis correction pulled the spine straight,

intentionally eliminating lordosis — resulting in predictable

flat back deformity in the decades following surgery.

• Flat cage placement: Interbody fusion cages placed without

lordotic angulation fail to restore disc height and curvature

at the fused levels.

• Straight rod contouring: Fusion rods that are not properly

contoured to reproduce lumbar lordosis lock the spine in a

flattened position.

• Adjacent segment degeneration: Fusion alters

biomechanics at neighboring levels, accelerating disc

degeneration above or below the fusion and progressively

worsening alignment over time.

• Pseudarthrosis: Failed fusion allows hardware failure and

gradual loss of the correction that was originally achieved.

Patients with prior lumbar fusion who develop worsening

forward posture, back and leg pain, or difficulty standing

straight should be evaluated for post-surgical flat back

deformity.



3. Symptoms & Diagnosis

Symptoms
The hallmark of flat back deformity is the inability to
stand upright comfortably. Patients often describe

leaning forward, and pain or fatigue that worsens

dramatically with prolonged standing or walking — but

improves with sitting. Common symptoms include:

• Chronic lower back pain — aching, often worse at

end of day

• Fatigue in the back and legs from constant

muscular compensation

• Forward-stooped posture that cannot be easily

self-corrected

• Hip and knee pain from compensatory flexion to

maintain balance

• Leg pain, numbness, or weakness if nerve

compression is present

• Difficulty with activities of daily living — walking,

cooking, carrying groceries

• Neck pain from cervical hyperextension used to

maintain forward gaze

In severe cases, patients may be unable to stand for

more than a few minutes and require a cane or walker

to ambulate safely.

Diagnosis
Flat back deformity is primarily a radiographic
diagnosis confirmed by clinical correlation. Key

diagnostic tools include:

• 36-inch standing scoliosis X-rays (EOS or

long-cassette): The essential study. Full-length

standing AP and lateral views allow measurement of

SVA, lumbar lordosis (LL), pelvic incidence (PI),

pelvic tilt (PT), and sacral slope (SS) — the

parameters that define sagittal balance.

• PI-LL mismatch: Pelvic incidence (a fixed anatomic

measurement) predicts the amount of lumbar lordosis

a patient needs. A PI-LL mismatch >10° indicates

inadequate lordosis and correlates with pain and

disability.

• MRI of the lumbar spine: Evaluates disc

degeneration, nerve compression, canal stenosis, and

prior fusion hardware integrity.

• CT scan: Assesses bony anatomy, fusion

integrity/pseudarthrosis, and quality of existing

hardware prior to revision surgery.

• Bone density (DEXA scan): Essential before any

surgical planning — osteoporosis significantly affects

implant choice and fixation strategy.

• Health-related quality of life questionnaires
(Oswestry Disability Index, SRS-22): Quantify

functional impairment and guide surgical

decision-making.



4. Conservative Treatment

For patients with mild to moderate flat back deformity, or for those who are not surgical candidates, non-operative

management can improve symptoms and functional capacity — though it cannot restore the underlying structural

deformity:

Physical Therapy
A targeted PT program focuses on hip flexor stretching

(tight hip flexors worsen forward lean), lumbar extensor

and core strengthening, gait training, and postural

awareness. Aquatic therapy may be better tolerated in

severe cases.

Pain Management
NSAIDs, muscle relaxants, neuropathic agents

(gabapentin, duloxetine), and judicious use of opioids

for refractory pain. Epidural steroid injections may

reduce radicular pain but do not address the underlying

deformity.

Assistive Devices
A cane, walking sticks, or rollator walker can

significantly reduce the muscular effort required to

maintain balance when standing and walking, improving

mobility and quality of life.

Bracing
Spinal orthoses can provide external support and pain

relief in some patients. However, prolonged bracing can

weaken muscles over time and is generally reserved for

patients who are not surgical candidates.

Lifestyle Modifications
Weight loss, smoking cessation, and optimization of bone

health (calcium, vitamin D, bisphosphonates if indicated)

are important adjuncts — particularly when surgery is

being considered, as they improve outcomes and reduce

complication rates.

Limitations of Conservative Care
Conservative treatment manages symptoms but cannot

correct the underlying structural imbalance. Patients with

significant sagittal malalignment (SVA >5–7 cm, large

PI-LL mismatch) typically experience progressive

worsening over time without surgical correction.



5. Surgical Correction of Flat Back Deformity

When conservative measures fail or deformity is severe, surgery offers the only means of restoring sagittal alignment.

The goal is to re-establish lumbar lordosis, correct the SVA, and achieve a stable, durable fusion — all while

decompressing any compressed nerves. Surgical planning is meticulous and highly individualized, based on the

patient's radiographic parameters, bone quality, prior surgical history, and overall health.

Surgical Techniques

Pedicle Subtraction Osteotomy (PSO)
The most powerful single-level correction technique. A

wedge of bone encompassing the pedicles and a

portion of the vertebral body is removed. When the

spine is closed over the defect, up to 30–40° of
lordosis can be restored at one level. Most commonly

performed at L3 or L4.

Smith-Petersen Osteotomy (SPO / Ponte)
Removal of posterior bone elements (spinous process,

lamina, facet joints) at one or more levels, allowing the

disc space to open anteriorly as the spine is extended.

Achieves 10–15° of correction per level. Most effective

when the disc spaces are still mobile (not fully fused).

Vertebral Column Resection (VCR)
Complete removal of one or more vertebrae and the

adjacent discs — the most aggressive osteotomy.

Reserved for severe, rigid, or sharp-angle deformities.

Allows correction of up to 50° or more per resected level

but carries the highest surgical risk.

Interbody Fusion (TLIF / ALIF / LLIF)
Placement of lordotic interbody cages between vertebral

bodies restores disc height and lordosis at each fused

level. Anterior lumbar interbody fusion (ALIF) is

particularly powerful at L4-5 and L5-S1, restoring lordosis

at the levels that contribute most to overall lumbar

curvature.

Posterior Spinal Instrumentation & Fusion
Pedicle screws and contoured rods are placed across all

levels to be fused. Rod contouring is critical — the rods

must be bent to reproduce the desired lordosis, and

in-situ bending/compression techniques further enhance

the correction. Rods are typically extended to the pelvis

(iliac screws) for long-segment reconstructions to provide

stable distal fixation.

Revision of Prior Fusion
Post-surgical flat back often requires removal of prior

hardware, assessment and treatment of pseudarthrosis,

and complete realignment reconstruction. These are

among the most technically demanding procedures in

spine surgery and should be performed by an

experienced deformity surgeon.



6. Risks & Complications

Flat back correction surgery is a major undertaking and carries significant risks. These should be discussed

thoroughly with Dr. Caridi before proceeding. Complication rates are higher in revision cases, elderly patients,

smokers, the morbidly obese, and those with osteoporosis or medical comorbidities:

• Neurological injury — nerve root or spinal cord

injury causing weakness, numbness, or, rarely,

paralysis. Risk is higher with osteotomies and VCR.

• Blood loss — major deformity correction can involve

significant blood loss requiring transfusion.

Cell-saver technology is used routinely.

• Infection — surgical site infection rates are higher in

revision, long-construct, and immunocompromised

patients. May require hardware removal.

• Pseudarthrosis — failure of the fusion to heal,

leading to hardware fatigue, rod fracture, and loss of

correction. More common in smokers and

osteoporotic patients.

• Hardware failure — rod fracture or screw loosening,

particularly at the lumbosacral junction. May require

revision.

• Adjacent segment disease — accelerated

degeneration at levels above or below the fusion

construct.

• Proximal junctional kyphosis (PJK) — a kyphotic

collapse at the vertebra immediately above the top of

the fusion, occurring in up to 20–40% of

long-construct fusions.

• C5 palsy / nerve root injury — transient or permanent

weakness from stretch or manipulation of individual

nerve roots.

• Thromboembolic events — deep vein thrombosis

(DVT) and pulmonary embolism (PE); prevented with

early mobilization and anticoagulation.

• Medical complications — cardiopulmonary, renal, or

gastrointestinal events are more common given the

length and complexity of these procedures.

Optimizing Your Surgical Risk — Steps You Can Take Before Surgery:
• Stop smoking at least 6–8 weeks before surgery — smoking dramatically increases pseudarthrosis and infection rates
• Optimize your weight — BMI >35 significantly increases complication risk
• Treat osteoporosis — bone density optimization with your endocrinologist before surgery
• Control diabetes — HbA1c should ideally be <7.5% to minimize infection risk
• Complete all cardiac and pulmonary clearances as directed by your surgical team
• Participate in prehabilitation physical therapy to strengthen your core and improve conditioning
• Donate autologous blood and/or arrange for intraoperative cell-saver as directed



7. Recovery After Flat Back Correction Surgery

Timeframe What to Expect

Hospital Stay 3–7
days

Recovery begins immediately. Physical and occupational therapy starts on post-operative

day 1. Pain is managed with IV and oral medications. A brace (TLSO) may be fitted before

discharge.

Weeks 1–6 Home
Recovery

Activity is limited to walking and light activities of daily living. Bending, lifting, and twisting

are strictly avoided. Outpatient PT begins at 2–4 weeks. Wound checks at 2 weeks.

Months 2–3 Early
Recovery

Increasing activity as tolerated. Many patients return to desk work during this period. PT

progresses to core strengthening and gait normalization. Follow-up X-rays assess early

fusion and alignment.

Months 3–6
Intermediate

Recovery

Most patients experience significant improvement in posture and pain by 3–4 months.

Gradual return to light recreational activities. Brace may be discontinued. Continued PT

and home exercise program.

Months 6–18 Full
Recovery

Bone fusion matures over 12–18 months. Full return to activity as permitted by Dr. Caridi.

Final alignment X-rays typically obtained at 1 year. Long-term outcomes are generally

excellent when alignment is well restored.



8. When to Seek Evaluation

If you or a loved one are experiencing the following symptoms — especially following prior spine surgery — please

contact Spinal Associates promptly for evaluation:

Seek Evaluation With Dr. Caridi If You Experience:
• Progressive forward-leaning posture that is difficult or impossible to correct
• Chronic back pain that is worse with standing and walking but relieved by sitting
• New or worsening leg pain, weakness, or numbness (nerve compression)
• Prior lumbar fusion with gradual worsening of posture or return of pain
• Hardware-related symptoms — prominent instrumentation, new back pain at a fusion site
• Fatigue with standing, requiring assistive devices to walk
• Any sudden new neurological symptoms — seek urgent evaluation

A Note on Post-Surgical Patients:
• Patients who have had prior lumbar fusion surgery are at significant risk for developing flat back deformity — particularly
if sagittal alignment was not optimally restored at the time of the original operation.
• Even patients who initially did well after fusion may develop progressive imbalance as disc degeneration continues at
adjacent levels over the years.
• Early recognition and intervention — before deformity becomes severe and rigid — leads to significantly better surgical
outcomes.
• If you have had prior spine surgery and notice a change in your posture or a return of significant symptoms, do not wait
— schedule a consultation.

Schedule a Consultation Dr. John M. Caridi, MD Spinal Associates 1155 Park Avenue, Suite E | New York, NY Phone: (212) 360-6500 After-hours urgent calls: (212) 360-6500 — follow prompts for on-call physician

This guide is for general educational purposes only and does not constitute medical advice. Treatment decisions should be made in consultation with
Dr. Caridi based on your individual clinical and radiographic findings.


