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Background: The aging spine often presents multifaceted surgical challenges for the surgeon because it can di- 

rectly and indirectly impact a patient’s spinal alignment and quality of life. Elderly and osteoporotic patients are 

predisposed to progressive spinal deformities and potential neurologic compromise and surgical management can 

be difficult because these patients often present with greater frailty. 

Methods: This was a literature review of spinal alignment changes, preoperative considerations, and spinal align- 

ment considerations for surgical strategies. 

Results: Many factors impact spinal alignment as we age including lumbar lordosis flexibility, hip flexion, de- 

formity, and osteoporosis. Preoperative considerations are required to assess the patient’s overall health, bone 

mineral density, and osteoporosis medications. Careful radiographic assessment of the spinopelvic parameters 

using various classification/scoring systems provide the surgeon with goals for surgical treatment. An individu- 

alized surgical strategy can be planned for the patient including extent of surgery, surgical approach, extent of 

the constructs, fixation techniques, vertebral augmentation, ligamentous augmentation, and staging surgery. 

Conclusions: Surgical treatment should only be considered after a thorough assessment of the patient’s health, de- 

formity, bone quality and corresponding age matched alignment goals. An individualized treatment approach is 

often required to tackle the deformity and minimize the risk of hardware related complications and pseudarthro- 

sis. Anabolic agents offer a promising benefit in this patient population by directly addressing and improving 

their bone quality and mineral density preoperatively and postoperatively. 
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The aging population presents complex surgical challenges that di-

ectly and indirectly impact spinal alignment. Spinal degeneration is a

atural process that can occur at any vertebrae. In a general adult spinal

eformity population, the impact on health, disability, and general qual-

ty of life has been reported for sagittal plane deformity but little has

een described for coronal and multiaxial deformities [ 1–4 ]. The im-

act of aging can have a direct impact on what would be considered

ormative spinal alignment parameters [ 5 ]. 
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In the United States, there are over 10.3 million people with osteo-

orosis and 43.4 million diagnosed with low bone density with these

umbers expected to increase by 32% in the next 10 years as our popu-

ation ages [ 6 ]. Osteoporosis specifically can result in fracture and sub-

equent deformity and alignment issues as it predisposes patients to pro-

ressive spinal deformities and potential neurologic compromise [ 7 ]. 

Surgical management in this population can present a myriad of

hallenges for spinal alignment because older and osteoporotic pa-

ients often present with greater frailty [ 8 ]. Surgery in this population

as a higher complication rate that may be mitigated by a variety of
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reventative optimization strategies for bone quality and general health.

urgical strategies are still a source of debate. Alternative anchor types,

evel selections and strategies may be beneficial. Additionally, staged

urgical management may be beneficial in this evolving and rapidly in-

reasing area of spinal deformity surgery as our population ages. 

pinal alignment changes 

As we age, many factors impact not only our standing spinal align-

ent but also impact our ability to sit and stand [ 9 ]. When compar-

ng the relative ratio of mobility of the spine to the femoral acetabular

oint, aging results in greater stiffness in the spine as compared to the

ip when measured during transitioning from sitting to standing. Lum-

ar lordosis flexibility decreases 4.5° per decade while hip flexion de-

reases 3.6° per decade. This has been seen to a greater extent in male

atients. The hip user index is the percentage that quantifies sagittal

emoroacetabular flexion ( ΔPFA) relative to overall sagittal flexion arc

SFA) when moving from the standing to the deep-seated position: Hip

ser Index = ΔPFA/SFA X 100%. 

A high hip user index means that the hip contributes more to sagittal

ovement, while a low hip user index means that the movement takes

lace primarily in the lumbar spine [ 9 ]. The hip user index has been

eported as statistically significantly increasing from 63.2 to 68 in pa-

ients over the age of 60 illustrating the relative stiffness of the lumbar

pine as compared to the hip joint. 

This unique relationship has been further illustrated by Mills et al

ho showed that patients with severe hip OA at the time of primary

umbar fusion had a significantly increased risk of spinal reoperation at

 and 5 years postoperatively [ 10 ]. There has been a classic contention

hat surgeons should address the hip before the spine. The relationship

etween the lumbar spine and hip is compensatory. During the tran-

ition between standing and sitting, the pelvis retroverts to allow for

emoral flexion, and then the lumbar spine flexes to maintain upright

osture. Loss of motion in the lumbar spine demands more hip motion

nd a stiffer hip demands more lumbar spinal motion [ 10 ]. When both

reas are pathologic, their interaction is difficult to separate. 

Deformity can further complicate this issue. Sultan et al. found that

atients with concurrent adult spinal deformity and total hip arthro-

lasty are at increased risk of hip dislocations and revisions with a com-

iled 2.9% dislocation rate in 1,167 patients [ 11 ]. Patients who under-

ent adult spinal deformity correction demonstrated reduced relative

cetabular anteversion and tilt (mean, -7° ± 10°, p < .001). This study

ound that arthroplasty patients with concurrent lumbosacral fusion had

islocation rates ranging between 3% at 1 year and 7.5% at 2 years com-

ared to 0.4%–2.1% dislocation rates in matching cohorts (p < .001)

 11 ]. This suggests the need for a more careful consideration of lumbar

nd pelvic alignment for the adult deformity patient. 

Consideration can and should be made in the aged patient with con-

omitant hip arthritis to address the overall lumbar and pelvic align-

ent before positioning an acetabular prosthesis, and also for the use

f dual-mobility articulations in such patients. Dhawan et al. reported

n 227 patients undergoing primary total hip arthroplasties with ad-

erse spine or pelvic mobility parameters including severe spinal de-

ormity and found an overall survival of 99.1% at 14 months with

o reported dislocations with the use of dual-mobility articulations

 12 ]. 

In addition to the spinal stiffness and deformity imparted by age

elated degeneration, aging can also result in osteoporosis and osteo-

orotic fractures. Focal or cumulative fractures can result in thoracic

yperkyphosis and/or worsening of preexisting scoliotic deformities.

steoporotic fractures with or without superimposing morphological

hanges may also result in secondary scoliotic deformities. 

Plais et al. found that lumbar fractures and/or multiple fractures

t the lumbar or thoracolumbar regions are risk factors for sagittal

alalignment in patients over the age of 70 [ 13 ]. They retrospectively

tudied 249 osteoporotic patients and categorically found a greater per-
2

entage of lumbar fractures in the sagittal malalignment cohort as com-

ared to normal alignment cohort (34% vs. 11%; p < .001). A similar

istribution was not seen for thoracic fractures (9% vs. 34%). Patients

ith 3 or more lumbar or thoracolumbar fractures had an increased risk

f sagittal malalignment, defined as one of the following parameters: PI-

L > 8.3°, LL-TK < 2.1°, SVA > 65.8 mm [ 13 ]. 

Treatment planning for deformities in aging and osteoporotic pa-

ients should involve a multidisciplinary approach focusing on various

actors that affect overall treatment outcomes. These treatment consid-

rations are discussed elsewhere in the paper. 

reoperative considerations 

Osteoporosis is often characterized by muscular weakness, poor bal-

nce control, and postural deformities. Patients with osteoporosis have

een documented to have impaired balance performance, although they

ay not experience “classical motor control ” problems that accom-

any central nervous system disorders. Women with osteoporosis have

educed flexibility and mobility that affects their walking and con-

ributes to a greater risk of falling than men. In the early stages of

one loss, symptoms may not present themselves; however, once osteo-

orosis has weakened the bones, symptoms may include back pain, loss

f height, stooped posture, and a bone that breaks more easily. This

ondition can lead to fracturing of bones and can cause mobility is-

ues in the spine as a result of pain, structural changes, and a curved

osture. 

The pain associated with osteoporosis can restrict mobility and re-

ult in postural deformities like kyphosis. Fractures in particular such

s compression fractures or osteoporotic burst fractures, can suddenly

nd catastrophically limit mobility and cause pain. The most dangerous

ontributor to broken bones among older populations is falling in or out

f the home. Osteoporosis weakens bones and allows serious injuries to

ccur even with a small fall. 

reoperative assessments 

Preoperative assessment of overall patient’s health is of utmost im-

ortance. As per Xue et al., frailty is essentially an age-related decline

n a multisystem physiological response to everyday stressors to acute

ajor stressors such as major surgery [ 14 ]. Frailty assessment can be

arried out using various validated tools. Charleson Comorbidity index

nd Adult Spinal Deformity Frailty Index (ASD-FI) are 2 commonly used

reoperative assessments. ASD-FI, designed by Miller et al. [ 15 ], has

een shown to have positive correlation with higher risk of major post-

perative complication such as wound infections, proximal junctional

ailure, pseaudarthrosis reoperations, and mortality. 

Assessment of nutritional status is equally important. Serum albu-

in level is widely used to determine overall nutritional status of the

atients. Serum albumin values below 3.5 gm/dL is considered a stan-

ardized marker for malnutrition. Low serum albumin levels/poor nu-

ritional status is associated with increased 30-day mortality risk, risk

f postoperative wound complications, risk of pulmonary and throm-

oembolic complications [ 16 , 17 ]. Thorough assessment of cardiovascu-

ar and pulmonary function is commonly done as a part of preoperative

ssessment. 

reoperative assessment of bone health and optimization 

Management of spinal deformities in elderly population presents a

ifferent set of challenges due to the presence of metabolic bone disease.

steoporosis is the most important modifiable risk factor that has been

hown to increase the risk of postoperative hardware related complica-

ions, risk of proximal junctional failure or proximal junctional kyphosis

nd pseudarthrosis [ 3 , 18 , 19 ]. When these complications occur, revision

urgery is oftentimes needed. This leads to a cascading effect of both age
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Table 1 

SRS- Schwab classification system. 

Coronal Curve Types Sagittal Modifiers 

T (thoracic): Thoracic only with 

lumbar curve < 30°

Pelvic Incidence (PI) minus Lumbar 

Lordosis (LL) 

0: within 10°

L (lumbar): TL 

(thoroacolumbar)/lumbar only 

with thoracic curve < 30°

+ : moderate 10°–20°

++ : marked > 20°

D (double): Double curve with T 

and TL/L curves > 30°

Sagittal vertical axis (global alignment) 

0: < 4 cm 

+ : 4–9.5 cm 

N: No major coronal deformity all 

coronal curves < 30°

++ : > 9.5 cm 

Pelvic Tilt (PT) 

0: < 20°

+ : 20°–30°

++ : > 30°
nd bone quality, worsening patient outcome and can lead to permanent

ain and disability. 

A bone mineral density (BMD) assessment can predict mechanical

omplications of spine surgery especially proximal junctional failure

 20 ]. Preoperative assessment of bone quality is an important step in

urgical planning. BMD has been used in combination with body mass

ndex (BMI) and Global Alignment and Proportion (GAP) score to pre-

ict risk of postoperative complications. BMD assessment is tradition-

lly carried out using dual energy X-ray absorptiometry (DEXA) scan.

pine-based DEXA scans can be inaccurate due to sclerotic bone and

steophytes secondary to spondylotic changes in the spine. A combi-

ation of hip and wrist X-ray is considered optimal determination of

MD. 

CT-based estimation of bone density has essentially replaced DEXA

cans in assessing bone mineral density. The average Hounsefield unit

easurement in the mid-lumbar spine is routinely used as an accurate

easurement of bone density. An average Hounsefield unit value of less

han 105 has been shown to correlate well with osteoporosis. Higher

ounsfield unit measurements ( > 159) [ 21 ] at upper instrumented ver-

ebra (UIV) and UIV + 1 has been shown to protect against PJK/PJF while

ow Hounsefield measurements ( < 105) at these levels has been shown

o increase the risk of PJK and PJF [ 22 ]. 

steoporosis medications 

Patients with osteoporosis require a thorough investigation of vari-

us bone metabolism parameters. There are currently a variety of med-

cation treatments that are used for osteoporosis to increase BMD, such

s antiresorptives, denosumab and anabolic drugs, like teriparatide.

everal studies have reported that combining teriparatide and deno-

umab improves spinal BMD in the osteoporotic patient [ 23–26 ].

hese studies also found that if denosumab was not administered in

ombination with teriparatide, patients showed a significant decline

n BMD and were at higher risk for fragility or vertebral fractures

 23 , 25 ]. 

Fatima et al. [ 27 ] conducted a review and meta-analysis of 771 pa-

ients from 12 studies to assess the efficacy of teriparatide on lumbar

usion surgery outcomes. Lumbar fusion rates were significantly higher

n patients who received teriparatide. Additionally, patients using teri-

aratide had significantly reduced subsequent vertebral fractures and

agittal malalignment and had 30% less likelihood of screw loosening.

he authors concluded that teriparatide resulted in higher fusion rates

 27 ]. 

Preoperative treatment with anabolic medications such as teri-

aratide has shown to improve the bone quality and increase the pedicle

crew pull out strength and decrease the incidence of hardware fail-

re and proximal junctional failure and vertebral fractures [ 19 ]. Ueno

t al. [ 28 ] reported on the use of parathyroid hormone administration

 to 2 weeks preoperatively and continued at least 6 months postoper-

tively for balloon kyphoplasty. They found the parathyroid hormone

roup had significantly lower vertebral body fractures compared to the

onuser group and parathyroid hormone may reduce the risk of verte-

ral body fractures [ 28 ]. 

Although the evidence on this is equivocal, teriparatide and other an-

bolic medications are now routinely used preoperatively for a period of

t least 3 months prior to surgery and are continued during postopera-

ive period for a minimum of 6 months to minimize the risk of hardware

ailure and vertebral fractures [ 29 ]. Kim et al. [ 30 ] concluded that long-

erm postoperative treatment of teriparatide after lumbar fusion surgery

esulted in higher fusion rates versus shorter postoperative treatments.

aruo et al. [ 31 ] found that pre and postoperative teriparatide treat-

ent increased the Hounsfield unit at UIV + 1 by 20.8% concluding

hat more prolonged preoperative treatment improves bone quality and

ay prevent osteoporosis complications. Currently, there is no defini-

ive consensus regarding the duration of preoperative and postoperative

eriparatide treatment [ 27 ]. 
3

pinal alignment considerations 

Overall spinal alignment for adult spinal deformity should be care-

ully evaluated especially in patients who are older and patients with os-

eoporosis. Careful radiographic assessment predominantly of the sagit-

al plane spinopelvic parameters not only allows the surgeon to under-

tand the magnitude of the deformity but also provides goals for surgical

reatment and alignment goals. The alignment goals should be modified

ased on the patient’s age. This section elaborates on various classifi-

ation/scoring systems that aid in understanding the evaluation of the

eformity and planning for surgical correction. 

The Scoliosis Research Society-Schwab Adult deformity classifica-

ion system has been widely used for classifying the adult spinal de-

ormities and to quantify magnitude of sagittal plane malalignment in

hese patients [ 32 ]. Patients are classified into 4 coronal groups based

n their primary major curve type: Thoracic only (lumbar curve < 30°),

L/Lumbar only (thoracic curve < 30°), double major with both T and

L/L curve > 30°, and no major coronal deformity (all curves < 30°).

agittal plane modifiers are designed based on spinopelvic parameters

nd overall global alignment. The modifiers include pelvic incidence

PI), lumbar lordosis (LL), global alignment based overall sagittal verti-

al axis (SVA) magnitude and pelvic tilt (PT). Each sagittal modifier is

raded from 0, + and ++ based upon the magnitude of measurement of

ach modifier ( Table 1 ). 

However, these linear values of sagittal plane modifiers have been

ess useful in patients with lower normal or upper normal values of

elvic incidence. Individuals with high pelvic incidence tend to have

igher sacral slope and higher pelvic tilt values. Essentially, in these

atients, pelvic tilt values in excess of 20° could be a normal anatomi-

al finding although considered abnormal when Schwab’s sagittal plane

odifier is considered. Aiming for a PT value of less than 20° may

e disabling for these patients. Magnitude of lordosis that comes from

4-S1 in comparison to overall LL, the lordosis distribution is equally

mportant as compared to considering the PI-LL values. The SVA tar-

et values of < 4cm, fails to take into consideration the downside of

vercorrection or the negative SVA value. The Schwab scoring applies

hese criteria for correction of the deformity irrespective of patient’s

ge. 

To overcome the shortfalls of the Schwab classification, the Global

lignment and Proportion (GAP) score was devised by Yilgor et al. [ 33 ].

AP scoring provides a continuum of alignment spectrum in propor-

ion to the pelvic incidence. The scoring system considers the overall

elvic version, magnitude and distribution of lumbar lordosis, global

pinopelvic alignment and generates a score that determines the align-

ent disproportion seen as compared to the “ideal ” or normative values

een in asymptomatic population. The score also takes into considera-
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Table 2 

Global alignment and proportion (GAP) scores [ 33 ]. 

Parameters Range Score Categories 

Relative Pelvic Version (RPV) 

(RPV = Measured – Ideal Sacral Slope) 

Ideal sacral slope = PI x 0.59 + 9 

Total Score: 0–2 

Proportioned 

Total Score: 3–6 

Mildy Disproportioned 

Total Score: ≥ 7 

Severely Disproportioned 

Severe retroversion <− 15° 3 

Moderate retroversion − 15° to − 7° 2 

Aligned − 7° to + 5° 0 

Anteversion > 5° 1 

Relative Lumbar Lordosis (RLL) 

(RLL = Measured – Ideal Lumbar Lordosis) 

Ideal lumbar lordosis = PI x 0.62 + 29 

Severe hypolordosis < 25° 3 

Moderate hypolordosis 25°–14.1° 2 

Aligned 14°–11° 0 

Hyperlordosis > 11° 3 

Lordosis Distribution Index (LDI) 

LDI = L4-S1 Lordosis/L1-S1 Lordosis x 100) 

Severe hypolordotic < 40% 2 

Moderate hypolordotic 40%–49% 1 

Aligned 50%–80% 0 

Hyperlordotic > 80% 3 

Relative Spinopelvic Alignment (RSA) 

RSA = Measured – Ideal Global Tilt 

Ideal global tilt = PI x 0.48 - 15 

Severe positive malalignment > 18 3 

Moderate positive malalignment 18–10.1 1 

Aligned 10 to − 7 0 

Negative malalignment <− 7 1 

Age Factor 

Elderly adult ≥ 60 years 1 

Adult < 60 years 0 
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ion the age of the patient. The composite score helps in predicting the

isk of mechanical complications in patients with adult spinal deformity

 Table 2 ). 

The SRS Schwab classification provides a basic framework for defin-

ng and assessing adult spinal deformity and provides a rough outline for

lignment goals while the GAP scoring aids in predicting risk of mechan-

cal complications and provides proportionate alignment goals for an

ndividual patient in relation to their pelvic incidence. However, these

coring systems fail to provide alignment guidelines that should be fol-

owed based on individual patient’s age. 

Lafage et al. [ 34 ] retrospectively reviewed adult deformity patients

ndergoing operative and nonoperative treatments and stratified the pa-

ient population based on their age ( < 35, 35–44, 45–54, 55–64, 65–

4, > 74 year olds) consistent with US-normative values of SF-36 phys-

cal component score (PCS). Patients were then assessed to find their

aseline spinopelvic radiographic parameters (lumbar-pelvic mismatch

PI- LL), pelvic tilt (PT), sagittal vertical axis (SVA), and T1 pelvic an-

le (TPA)), age, and corresponding PCS using linear regression analy-

is. Normative values of SF-36 PCS values were then used to determine

he age specific alignment targets. The authors concluded that sagittal

pinopelvic parameters vary with age and realignment targets should

e individualized based on the patient’s age. Aggressive targets should

e reserved for younger patients and the target values in the elderly

atients should be reduced [ 34 ]. 

Lafage et al. [ 35 ] then created a sagittal created a Sagittal Age-

djusted Score (SAAS) using PI-LL, PT and TPA. The score is determined

y calculating the magnitude offset of these values in comparison to age-

djusted targets. For scoring, 0 points were given if the parameter was

ithin 10 years of the patient’s age matched target (Match). For each 20

ears above the age-adjusted target, 1 point was added (e.g., + 1 point

etween + 10 and + 30, + 2 points between + 30 and + 50). Conversely,

 point was subtracted for each 20 years below the age-adjusted target

e.g., -1 point between -10 and -30, -2 points between -30 and -50).

he composite SAAS was calculated by adding all 3 components. Nega-

ive composite score values suggested under correction while a positive

alue suggested over correction [ 35 ] ( Fig. 1 ). 
4

urgical strategies 

After careful evaluation of the patient and their deformity, planning

or these complex surgeries requires an individualized approach based

n patient’s overall health, bone quality and deformity. 

xtent of the surgery 

For elderly patients or in patients with high frailty, careful consid-

ration should be given to minimizing the extent of surgery. Differenti-

ting between stenosis related claudicatory symptoms versus radicular

ymptoms that result from 1 -or 2-level concave side foraminal and/or

oraminal stenosis is of utmost importance. Selective nerve root blocks/

ransforaminal epidural steroid injections may help determine the symp-

omatic level. 

Equally important is distinguishing between stenosis symptoms ver-

us deformity-related mechanical back pain symptoms. Every attempt

hould be made to limit longer deformity surgeries in patients with

ignificant sagittal and coronal imbalance. Advances in minimally in-

asive surgery (MIS) decompression techniques and spinal endoscopy

echniques, optimal decompression can be achieved using either a far

ateral approach or midline approach for decompression. 

ole of anterior surgery 

Anterior surgery in combination with posterior surgery offers several

dvantages over posterior only surgery. Anterior surgery allows near

otal discectomy, placement of large diameter spacers with a large sur-

ace area which are supported by a stronger peripheral ring apophyseal

one. The optimal placement of the anterior-based spacers also helps in

he restoration of disc and foraminal height and offers the ability to in-

irectly decompress spinal canal. Anterior-based spacers and bone graft

lacement significantly improves the chances of arthrodesis across the

isc spaces. 

Anterior surgical techniques may provide powerful segmental sagit-

al correction when combined with posterior instrumentation. Biologi-
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Fig. 1. Illustration of the method of calculation of sagittal age-adjusted score (SAAS) using pelvic incidence, Pelvic Tilt and T1-pelvic angle to evaluate age-related 

spinal alignment targets [ 35 ]. (Used with permission). 
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ally, the disc space has excellent fusion potential due to the large sur-

ace area of the endplates and their rich blood supply. Although his-

orically anterior interbody grafts and cages suffered from issues with

ubsidence and slippage, newer hyperlordotic cages and improvement

n MIS approaches and techniques have largely addressed these previous

oncerns. 

ombined approaches 

Combined approaches allow for superior sagittal deformity correc-

ion with improved global tilt and global alignment and proportion

GAP) scores compared to posterior only approaches. Despite increased

urgical invasiveness of combined approaches, Silva et al. [ 36 ] found

o difference in immediate complication rates and at 2 year follow-

p demonstrated significantly decreased readmission and reoperation

ates, and significantly higher HRQoL scores. Combined approaches also

emonstrated lower rates of proximal junctional kyphosis and mechani-

al failure at the UIV including UIV fracture, screw pullout, and spondy-

olisthesis compared to posterior spinal fusion only. Anterior surgery

hould be considered in patients who are osteoporotic, have high risk

f pseudarthrosis, rigid deformities and curves that are more than 70°

 36 ]. 

xtent of the construct 

In an aging population, especially osteoporotic patients, it is impor-

ant to carefully plan for proximal and distal fixation points. Distal fix-

tion should be extended to pelvis in all of these patients to minimize

he risk of pseudarthrosis at the lumbo-sacral junction, decrease the risk

f hardware failure or sacral insufficiency fracture. A majority of these

atients also present with thoracic hyperkyphosis due to structural ver-

ebral changes secondary to osteoporosis. In this subset of patients, the

onstruct should be extended to the proximal thoracic spine. 
5

While this can be protective for proximal junctional failure, this strat-

gy can also result in coronal malalignment which is less tolerated when

onstructs extend higher in the thoracic spine [ 1 ]. Due to bone weak-

ess, there is a high pullout rate. Instead of doing long fusion surgeries,

t may be optimal to do small, focused surgeries addressing the patient’s

omplaints and expectations. Staged surgery also allows for recovery

ime in older patients who may not be able to tolerate large amounts of

lood loss. Treatment must be individualized based on the cause, dis-

bility, and patient expectation. 

ixation techniques 

Bone quality plays a crucial role in instrumented fusion, and preoper-

tive planning should include careful consideration of the bone quality

t the planned UIV and UIV + 1. In osteoporotic patients, decreased bone

ineral density (BMD) whether measured via DEXA scan or CT-based

MD at the UIV and UIV + 1 is associated with increased risk of PJK and

JF [ 22 , 37 ]. 

Posterior semi-rigid junctional fixation techniques seek to address

hese risks and provide a gradual transition zone or “soft landing ” from

he construct to the proximal vertebral levels. A variety of these tech-

iques have been investigated to address this risk including semi-rigid

nchors such as transverse process hooks, sublaminar hooks tape, inter-

pinous mesh, and unilateral instrumentation at the UIV and noninstru-

ented fusion of the UIV + 1. 

ertebral augmentation 

Osteoporotic adult spinal deformity patients are at increased risk of

eveloping proximal junctional kyphosis (PJK) due to a lack of anterior

ertebral body resistance to compression which can lead to vertebral

ody collapse and progressive kyphosis as well as an increased risk of

roximal pedicle screw failure due to decreased pull out strength. Given
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hese risks, the rationale for vertebral body cement augmentation of the

IV and UIV + 1 is convincing. 

The primary aim of vertebroplasty at the UIV + 1 is to prevent ver-

ebral body collapse and kyphosis whereas cement augmentation at the

IV or other levels within the construct via fenestrated pedicle screws is

o reinforce the bone screw interface. This technique has demonstrated

mproved fixation with decreased pedicle screw failure in numerous

iomechanical studies [ 38 , 39 ]. There are inherent risks to this strategy.

While cement augmentation does decrease the risk of pedicle screw

ull out and improves the integrity of the vertebra and its resistance

o compression and kyphosis, transitioning to noncement augmented

ertebrae remains challenging. Additionally, cement augmentation does

ntroduce several potential risks including neurologic injury secondary

o extravasation into the spinal canal or neuroforamen as well as the

are but potentially life-threatening risk of cement embolization to other

rgans such as the heart or lungs. 

igamentous augmentation 

As previously stated, long-segment posterior instrumentation pro-

uces stress at the proximal termination which may cause PJK. To re-

uce these transitional stresses, the use of proximal junctional polyeth-

ene tethers has been studied. A recent clinical review by Sursal et al.

 40 ] on the use of tether from several studies, suggested that the use

f tethers for ligamentous augmentation at the proximal junction may

educe the development of PJK/PJK. Due to the stresses at the proximal

unction, the authors believe no single technique will resolve this surgi-

al complication. They state additional studies need to be conducted to

stablish ideal tether configurations, materials, and tether tension [ 40 ].

taged surgeries 

The debate between staged versus same-day spine surgery continues

s many other surgical procedures trend towards shorter hospital stays

nd day surgeries. Some surgeons advocate for same-day spine surgery

iting minimized costs and shorter hospital stays, while others advo-

ate for staged surgeries citing reduced risk of complications and the

bility to assess the adequacy of realignment or indirect decompression

etween stages via imaging or clinical examination. 

A recent meta-analysis [ 41 ] reviewing 16 retrospective studies com-

ared staged spinal fusion and same-day surgeries finding no significant

ifference in estimated blood loss, mortality, reoperation rates and non-

ome discharges between groups. However, staged surgery was found to

e associated with longer operative times, increased length of stay, and

igher rates of VTE. There were limitations to this article that may skew

ts conclusions and generalizability. They did not compare the patient

opulations regarding patient characteristics, the magnitude of surgery

uch as the number of levels involved or mentioned the rationale for

taged versus same-day surgery. This makes it difficult to compare these

pproaches in a meaningful way. Future studies addressing these lim-

tations could provide a clearer answer to this controversial question

 41 ]. 

onclusions 

Treatment of adult spinal deformity in aging and osteoporotic pa-

ients presents a unique set of challenges from deformity as well as from

 general health perspective. Surgical treatment should only be consid-

red after a thorough assessment of the patient’s health, deformity, bone

uality and corresponding age matched alignment goals. An individu-

lized treatment approach is often required to tackle the deformity and

inimize the risk of hardware related complications and pseudarthrosis.

Skeletal anabolic agents such as teriparatide and denosumab offer

 promising benefit in this patient population by directly addressing

nd improving their bone quality and mineral density preoperatively

nd postoperatively. Some studies have shown decreased pedicle screw
6

omplications and vertebral body fractures; however, the literature is

quivocal on its impact on PJK and PJF [ 42–44 ]. 
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