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Abstract
Study Design: Systematic Review.

Objectives: While substantial research has explored the impact of osteoporosis on patients undergoing adult spinal deformity
(ASD) correction, the literature remains inconclusive. As such, the purpose of this study is to synthesize and analyze existing
studies pertaining to osteoporosis as a predictor of postoperative outcomes in ASD surgery.

Methods: We performed a systematic review and meta-analysis to determine the effect that a diagnosis of osteoporosis, based
on ICD-10 coding, dual-energy X-ray absorptiometry (DEXA) or computed tomography, has on the incidence of adverse
outcomes following surgical correction of ASD. Statistical analysis was performed using Comprehensive Meta-Analysis (Version
2) using a random effects model to account for heterogeneity between studies.

Results: After application of inclusion and exclusion criteria, 36 and 28 articles were included in the systematic review and
meta-analysis, respectively. The meta-analysis identified greater rates of screw loosening amongst osteoporotic patients (70.5%
vs 31.9%, P = .009), and decreased bone mineral density in patients who developed proximal junctional kyphosis (PJK) (.69 vs
.79 glem?, P = .001). The systematic review demonstrated significantly increased risk of any complication, reoperation, and
proximal junctional failure (PJF) associated with reduced bone density. No statistical difference was observed between groups
regarding fusion rates, readmission rates, and patient-reported and/or functional outcome scores.

Conclusion: This study demonstrates a higher incidence of screw loosening, PJK, and revision surgery amongst osteoporotic
ASD patients. Future investigations should explore outcomes at various follow-up intervals in order to better characterize how
risk changes with time and to tailor preoperative planning based on patient-specific characteristics.
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Introduction

Adult spinal deformity (ASD) represents a complex con-
stellation of spinal pathologies characterized by abnormal
sagittal and/or coronal curvature of the spine.' These devia-
tions can lead to significant functional impairment and de-
creased quality of life, often necessitating surgical correction.
Amongst patients undergoing deformity correction, osteo-
porosis is a common comorbidity that predisposes patients to
greater risks of postoperative complications as a consequence
of compromised bone quality.”

The intersection of osteoporosis and ASD surgery presents a
significant clinical burden globally. The negative impact of os-
teoporosis on postoperative outcomes following surgical cor-
rection of ASD has been well-documented, spanning from
increased risk of hardware failure and pseudarthrosis to post-
operative vertebral fractures and reoperation.>* Dual-energy
X-ray absorptiometry (DEXA) scans are therefore routinely
incorporated into patients’ preoperative assessments such that
they can be medically optimized with anabolic therapy prior to
ASD surgery.’

While a substantial body of research has explored the
impact of osteoporosis on patients undergoing ASD surgery,
reports within the literature taken in aggregate remain
indeterminate.

The current understanding of osteoporosis as a risk factor in
ASD surgery therefore remains inconclusive, further con-
tributing to non-uniform clinical practices in detection and
appropriate management.* As such, the purpose of this study
is to synthesize and analyze the existing array of high-quality
investigations pertaining to osteoporosis as a predictor of
postoperative outcomes in ASD surgery. Doing so would
better clarify contemporary knowledge surrounding the effect
of osteoporosis, potentially underscoring the need for stan-
dardized preoperative optimization.

Methods

Following the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines, we performed a
systematic review to determine the effect of osteoporosis on the
incidence of adverse outcomes following surgical correction of
adult spinal deformities. Informed consent and IRB approval
were not necessary given the nature of this study.

The first step involved querying the Medline (PubMed)
database from 1990 through August 2022 using the following
terms: “osteoporosis” AND “deformity” AND (“outcomes”
OR “revision” OR “reoperation” OR “complication”). All
English studies, both prospective and retrospective, were
included initially that assessed patients with a diagnosis of
osteoporosis and reported on the incidence of radiographic,
surgical, clinical, and postoperative outcomes. Patients were
defined as having a diagnosis of osteoporosis based on ICD-10
coding or a confirmed diagnosis of decreased bone density on
DEXA or computed tomography (CT).

We began our initial exclusion filter by eliminating the
following studies: systematic reviews, literature reviews, case
reports, studies without osteoporotic patients, studies without
relevant postoperative outcomes, technique/treatment com-
parisons, and those where vertebral surgery was due to specific
indications such as trauma, neoplasia, or compression frac-
tures. Furthermore, studies with limited sample sizes, which
we defined as less than 20 patients, and those without a
surgical intervention performed were also removed. After this
preliminary exclusion, full-text articles were removed if they
were unrelated to adult lumbar spine deformity, cement
augmentation was utilized as part of the surgical intervention,
or if the study was performed prior to 1990.

The electronic database search and screening were carried
out by 2 independent reviewers. Papers were screened based
on title, abstract, and full text, and duplicates were removed.
Subsequently, the references of full texts were examined to
identify any relevant studies missed within our initial query.
These were also subjected to the aforementioned screening
criteria, ensuring that only articles reporting on outcomes after
surgery for ASD were included. After the study selection was
finalized, data collection, systematic review, and meta-
analysis were performed.

A data collection sheet was created using the Cochrane
Consumers and Communication Review Group’s Data Ex-
traction Template for Included Studies.® Eligible articles were
reviewed by 3 authors who collected the following infor-
mation: author name, publication year, study type, patient
populations, indications for surgery, and the outcomes as-
sessed. Moreover, study outcomes were further classified into
the following groups: radiographic outcomes, surgical out-
comes, patient-reported outcomes, and other complications.
Finally, the risk of bias was assessed using the GRADE
(Grading of Recommendations Assessment, Development,
and Evaluation) method, and articles were assigned a GRADE
of either very low, low, moderate, or high.7

Statistical Analysis

Statistical analysis was performed using Comprehensive
Meta-Analysis (Version 2). Differences in populations
between studies were statistically taken into account by
utilizing the random effects model. Factoring in standard
deviations and sample sizes, the differences between means
were calculated and compared between conditions. Cate-
gorical and continuous values with reportable standard
deviations were included and P-values <.05 were consid-
ered significant.

Results

Study Characteristics

The PRISMA diagram outlines the process of study in-
clusion and exclusion, as well as the reasons for exclusion
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Figure |. Study selection process.

(Figure 1). Our initial query of the database yielded 1912
records, as well as 53 additional studies that were later
identified through searching references of included papers.
After the application of exclusion criteria, 1432 records
remained, after which 528 were eligible for inclusion after

title screening. Of these, 223 articles underwent full-text
review, and 36 were ultimately included in this systematic
review. 35 were retrospective studies, and one was a pro-
spective study. 28 articles were included in the meta-
analysis (Table 1).



2423

Lechtholz-Zey et al.

(panunuo>)
asv
JO UONB.II0D 10} UoIsny (08 = u) Apnas
4[d  Ppojuswnupsul Joudysod  140yod paydiew +070T
MOT mn Sild 3ujo8uspun sjuspey 9A1ND3dsoa1ay [e 39 ueluo4-zan3lLpoy
asy 404 (77 03 61 wo.y)
uonoun| Jequinjodeioyy
ay3 3e Suiddoas
uoisny pajuswn.isul [euids (bt = v)
(S|PA9] G<) [PASIINW  MBIADU SSEqEIEp
MO m M Suio3uspun sjusned aAndadsouiay +£910T [B 30 undy
sisoljods diypedolpr (g1 = u) Apmas
3|npe Joj uoisny auids  140yod paydiew
1d “TT1Id ‘VAS  (S]9A9) §<) paauswnasul -Aisuadoud
Mo| Ao mn 4d 8uo| Bujo3uspun syuaney 9A1RDadsoa1ny 810T [e 39 18ey
suids ays jo Ajw.opp
[e3313es JO [euOIOD (62 = v)
1ao a3eyealq poy Jo A1a8uns 2AND84I0D Apnis 1u0yod
MO mn Aanlur eanaN 0£-SYS 4d 8uio3uspun sjusned 9AnRdadsoainy #6107 B 30 BIQJAY
sisoydAy aAnesauadap
Jequin| 03 anp adueequ] (£ = u) Apnas
[e2n8es Joj uolsny aAnesedwod
MO| Ao mn SIld  Jequinj Sujo3uspun sjuaney 9AnRDadsosiny 10T [ 39 997
SISO1|02s Jequin|
9AEI2US3DP 0} (S|9AI)
$<) uoisny [euids Joria3sod (86 = u)
[eauswides pajuswinIIsul Apnas 340yod
Mo| AIap Il Sild 3ujo8uspun sjuspyey 9ARdadsoud 49107 & 30 Suepp
sisol|jods diysedolpl
3|npe Joj uoisny auids
(sppA9] G<) paauawnaasul  (£G] = u) salIas
MO Al SIld 8uo| 3uio3uspun syusaned ased aAndadso.aiay «1 10T [& | 20 18e)
asy oy (091
4[d wnudes ayy 03 uoisny [euids = U) M3IAa
Mo| AJsp Al Sild 8uo| Sulo3uspun sjusned ased sARdadso.aey £10T & 39 ded
sisoljoas diysedoipl
3|npe Joj uoisny auids
(sjoA9] G<) pLauswnuasul (97 = u) sawss
Mo| Ao Al SIld 3uo| Bujo3uspun syuaned 9sed 9ARI9dso.aIDY +C10T B39 1Bey
(sped)  @duspIAg suoned|jdwor) sswo2nQ sswonnO sswomnQ suonedIpy| Apmig jo adA} Apnmg
DUSPIA]  JO |9ADT] [ed1uD [ed184ng s1yde.Solpey Juone|ndod jusney
jo Alend

‘Anwuoye [eulds NPy JO UONDAIIOD) U0} A4934Ng J9l)y sawodNQ uo 3uIsnd04 SIIpMS JO SONSLIvIdBIRYD) °| d|qeL



Global Spine Journal 14(8)

2424

(panunuo>)
aulds ayy jo Awuopp (08g = u)
[enni3es Jo [euouod Apms aseqerep
Aeys Jo A1a8uns 2ANI84I0D Jajusdnnw
MO m Jo ya3us| [endsoH Sulo8uspun sjusney aAndadsonsy 49107 [e 39 S4agaulpy)
QSV o4 uoisny [eurds (LeT = v)
sso| poo|q (sPA9) G2) [PASININW M3IAD
MO m sAneJadoe.au) 8uio8uapun syusned aAdadso.ley 10T |& 38 peey
suoneddwod (255 = u)
aAneJadoliad asy Apnis aseqeyep
Jo-eanul Joy uoisny [euids Jolisasod Jsusdn|nw
MO mn Jofew |[eaAQ 8ulo3uspun syuaned aAndadsouiay £910T B 39 J4o9ydg
asy Jo4 (sjeAs| (16 = v)
sso| poojq G<) uoisny [euids Joliaasod Apms 140yod
MO n aAnesadoe.nu| 8ujo3uspun sjuaned aAnRdadsosiny 70T [e 39 siureH
asyv o4
wnJoes ay3 o3 (SPPA3| 9<)
uoisny [euids pajuswin.asul (06 = u) seues
Mo| A1 Al SIld 8uo| 3uio3uspun syusneq 9sed sAndadso.aioy +£10T [B 30 onJely
SISOI|02s SAnE.ISUSSsp
J21yzedolpl 3npe 4oy (S|2A3)
G<) uoisny [eulds Joliaisod
[9AS[RINW pa3UsWINIISUl (06 = u) soues
Mo| A1 Al S Asewrud Buioduspun siusned 9sed sAndadsonny €107 [B 30 ||PMplg
dsy 40} smauds
e[l [eJ43)E|Iq Suish uolexiy
Suluasoo| maudg diajpd yam A1adans uoisny (89 = u) sorias
MO Al Sild 3uo| 3ujo3uspun syuaned 9sed aANRIadso.alvy <070T B 30 wny
dsy o} uoneuswn.aasul
Yyam uoisny Jolsaasod
(sPA9] p<) [PA9IRINW (6 = u) soLes
Mo| A1 Al SIld Buloduspun sjusneq 9sed aAndadsoney £910T [& 30 wry
uonoun|
JequinjodeJol sy e
[9A9] pajuswinasul aaddn
9yl yum QsSy 40y uoisny
pue uonEIUSWINISUI
MaJds-3dIpad (€9 = u) sowes
MO Al 4d -|[e 8uioduapun sjyusned 9sed aAndadsouiny +£070T [& 39 dJed
(epeaD))  9dULpIAg suonedjdwor) sswo2nQ sswomnQO sswomnQ suonesipuy| Apmig jo adA| Apmg
JDUSPIAT  JO [9ADT] [eownD [ed184ng s1ydeaSoipey Juonejndod juaned
jo Auend

(ponunuod) | s|qeL



2425

Lechtholz-Zey et al.

(panunuo>)
SISOJ|02S
Jequin| aAneJauadsp
Joj (sjpA9) <) uoisny [euids (o€l = u) Apnas
MO mn 3ujuasoo| mauog 8uo| 8uio3uspun sjusned 9AnRdadsoainy +«1T0T [B 38 uenyg
asyv o}
sue|d [euoJdod sys  |S Jo G 3e 3ulpus suoisny
Ul WnJ2espIW ay3 (s|pA9] $2) [PAS|BINW (S = u) sowss
Mo AIsp Al wo.y 9duBISIp d/D Buio3Japun syusned ased aAndadsouiay S10T [e 7@ slwnojd
VXA Aq paulw.siep
>Psu [eJowdy pue duids
Jequin| 3y JO JUSISSISSE
awg aAnesadoaud (921 = u)
suopnedljdwod YIIM SISOI[ODS IO}  MBIIASJ ISBqEIEp
MO m |l_49AO 3jeJ UoIsN]  A|[edI8UNs pajeaJl USWOAA aAndadsouiay +110T B30 18ey
Aiwaoep
[eurds aAnesauadap (1¥9 71 = v)
Joj (s|oA9] €=2) uolsny M3IAD
UoISSIWpEDY Jequin| [eJarejoJsasod aseqelep 21els
Mo| A1 mn AJ384ns uoisiAey 8ulo3uspun sjuaned 9Andadso.Isy .| 70T [ 30 oJusjeIe |
suones|idwod
IIAEYYe) 1502 Jusneding s1S0l|02s
Aanlur eanaN 1502 [euids 3npe Joj uoisny (957 = v)
uolssiwpeay uonezijendsoy [euids Jorimsod (s[pA3| Apnas 1u04od
MO m A493.ns uoisinay Xapu| /<) 8uo| 8uio3.uapun sjuaned 9An2adsoasy 4 7TOT [B 30 eAsuysdep
asy oy uoisny [euids (c6zT = )
[eao1ej0J9150d (S|oAS]  MBIADJ BSeqeIEp +910T
MOT mn AJ384ns uoisiAsYy 8<) 3uo| 8uio3.apun sjuaned 9AnRDadsosiny |e 39 yeleqesaueang
SISOI|02S J0j UoIsny (66€ = u) Apms
[euids Joriaasod (s[aAd) aAnesedwod
MOT n AJ384ns uoisiAeYy /<) 8uo| 8uio8.apun sjuaned 9ARdadsosiny 000 |8 3° ®dno
asv
Joy uoisny euids Jolusod (g0z = u) Apmas
suoned||dwod (seAs] $3) [PASININW aAnesedwod
Mo Il [edlUByd™W [[BISAQ Buio8Japun syusned aAndadso.sy 610C & 38 YyoN
asy oy uoisny [eurds (g0€ = )
adueydsip (spPAs) GR) [PASIDINW MBIAD
Mo m aunno.JuoN| Buio8Japun syusned aAndadso.nay 48107 |B 3° ulwy
(speao)  @duspIAg suonedijdwor) sawomnQ sawomnQ sawomnQ suonesIpu| Apmig jo adA] Apnmg
9DUSPIAT  JO [9AdT] [eawD [ed184ng s1ydesSoipey Juone|ndod jusned
jo Aiend

(ponunuod) °| ajqeL



Global Spine Journal 14(8)

2426

-5YS ‘adojs [eades 1§ puquinid £ “1dLD

"xapu| Aljiqesiq AsamsQ ‘|gO ‘o4reuuonsanb sousnbas Awaogep A18100s Yduessad sisolj0ds ‘0§

n21A[2d ‘| 4 ‘sisoydA| a1oea0ya Y| sISOp.o| Jequin| “T7 !SISOP.IO| Jequin|-aouapidul JIA[Rd “T7-|d ‘SIXE [BI1IDA [e21BES ‘WAS 2.n|rey/sisoydAd) jeuonsun( rewixo.ad ‘4d/i[d

'sisAjeue-e3aW Ul papnpul =

Ajeuonouny

dn-mojjoy |QO Jeak
(991 = u) sawes

pa3e.oLI9sp € YaIm SV JO uonda.Iod
MO| Ao Al SA pauleisng [e2184ns Sujo8Jspun sjusneq 9sed 9ARIdsOJIDY 070T [ 19 seissed
swomno
ul 2dUJYIP sIsol|02s
uesodwi Jequin| aApessusssp (€71 = v)
Ajeaud 3|npe Jo} uoisny Apnas 340yod
MO m winuwiuil [eurds Suioduspun sjusaney aAndadso.sy 020T [e 38 ueny
sISo1|02s 40y (syuawas
$3) sisepo.yiie uoisny (62 = u) Apnas
MO m ured >peq MOT 8uo| 8ulo3uspun sjuaned aAndadsoulay +170T |& 30 Sueyz
s1SOJ|02s
Jequin| aAnesausdsp
Joj uopeIusWIN.ISUI
[eaoesoquun| (82 = u) Apnas
Mo nm Suiussoo| maudg Buio3Japun syusned aAndadso.nay +CT0T [B 3 nX
uonesuadwodap
[eni3es sisoydAy aAnesauadap
S “Ld ML 17 VAS Jequinj .Io} uon.Jasul
saamoe.y MaJds 3pdIpad [eauswdas
uadelpe [ewixo.d AIM 3SES[SJ UWIN|OD
9ouapisgns adeD) Joluasod SuiajoAul (op = u) Apnas
MO m sisodypaepnasd  A4aduns SuloSuspun syusned aAndadsouiny %S10T [B 3 wy
asv
Joj wnJdes ay3 031 (S|9A9| (9z5 = v)
G<) uoisny Jolisod Apnas 1u04od 4810 B 2®
MO n 2Jmodely poy 8uo| 3ujo3uspun siusney sAndadsonsy  uemuoydwopniie
ASYV -0} SIONJIISUOD MIIDS
apipad [eausw8as 3uo|  (pf = u) siskjeue
Yam (sauswdss $3) uolsny  2I0Yod paydiew
Mo m 9JmdeJy MBJDS 3PIPad  [eulds SuloSspun siuaned aAndadso.ay [e 39 A1ea,0
SBUQS1I9A J9MO|
SY3 Ul SIOYDUE SEB SMI.IDS
3ulussoo| maudg Jeje s Suisn QSy 4oy (g7 = u) sowss
MO Al T7-1d ‘VAS A498ans Suioduspun siusned 9sed 9Andadsoansy 8|07 [B 319 emezedeN
$32N13SUOD
POJ-N|NW JO POJ-OM]
[euonuaAuo?) :sdnous
T YIM ASY 0} SmaUds
eIl [e4e[lq Yaim Auaduns (901 = u) Apms
MO mn 3ujuasoo| maudg  uoisny SuloSuspun sjudlIed 9AnRdadsoainy %610T [ 3@ ouueg
(epeaD))  9dULpIAg suonedjdwor) sswo2nQ sswomnQO sswomnQ suonesipuy| Apmig jo adA| Apmg
JDUSPIAT  JO [9ADT] [eownD [ed184ng s1ydeaSoipey Juonejndod juaned
jo Auend

(ponunuod) | s|qeL



Lechtholz-Zey et al.

2427

Risk of Bias and Quality of Evidence

The level of evidence was determined for each study using the
Journal of Bone and Joint Surgery schema.® One article was
characterized by level II evidence, 24 by level III evidence,
and 11 by level IV evidence. The GRADE guidelines were
used to assess the quality of evidence,” wherein 25 studies
were deemed to have very low-quality evidence, and 11 with
low quality.

Radiographic Outcomes

Proximal Junctional Kyphosis and Failure

Of the included studies, 14 focused on proximal junctional
kyphosis (PJK) and/or failure as radiographic outcomes after
surgical correction of ASD (Table 2).”%* Specifically, 10 papers
reported on the significance of osteoporosis as a risk factor for the
development of PJK, with four—Wang et al, Hyun et al, Kim
et al, and Yagi et al—yielding a significant relationship (P <.001,
P = .003, P = .027, and P = .044, respectively).'*'*?° Six
studies did not find a significant association between lower BMD
and the development of PJK,'"'*"'>'%-2! and Rodriguez-Fontan
et al also assessed osteoporosis as a risk factor for the devel-
opment of either PJK or proximal junctional failure (PJF) but was
unable to establish significance.'”

In their retrospective case series of 160 patients who un-
derwent long spinal fusion to the sacrum for ASD, Park et al
demonstrated that while osteoporosis was not a significant risk
factor for the development of PJK, it was a significant predictor
of PIF (P < .001)."> In fact, all 4 articles that investigated PJF
found that patients with poor bone stock were at higher risk for
developing this complication.'*'>'%?? Kyroli et al, Park et al,
and Yagi et al all established a higher risk of PJF amongst patients
with osteoporosis (P = .018, P = .03, and P < .01).'*'%2?

Screw Loosening

Five studies assessed the relationship between osteoporosis and
screw loosening after surgical correction of ASD, with 3
identifying low BMD as a risk factor.”**° Yuan et al and Banno
et al’s retrospective studies found that patients who experienced
screw loosening had lower average T-scores (P =.002 and P =
.005, respectively).>*** Xu et al reported that 20.6% of patients
had a diagnosis of osteoporosis in the non-screw loosening
group compared with 75.0% in the screw loosening group in
their cohort of patients who underwent instrumentation for
degenerative lumbar scoliosis (P < .001).>* In contrast, Kim
et al and Nakazawa et al did not report differences in T-scores
between patients with and without screw loosening in their
respective retrospective studies.''°

Fusion Rate and Pseudarthrosis

One study reported on the relationship between bone mineral
density and fusion rates while the other reported rates of

pseudarthrosis, with neither study successfully establishing
significance.'**’

Implant Fracture

Two studies investigated the relationship between bone
mineral density and the risk of rod fracture,'>** while 1 study
looked at pedicle screw fracture rates.”” Neither Kyréli et al
nor Lertudomponwanit et al were able to establish an asso-
ciation between osteoporosis and rod breakage.'**® O’Leary
et al, however, found that osteoporotic patients were at sig-
nificantly increased risk of pedicle screw fracture in their
matched cohort analysis patients with long segmental pedicle
screw constructs (T-scores: —1.73 +£.76 vs —.58 £ 1.12, P =
02).%°

Cage Subsidence and Adjacent Fractures

Kim et al conducted a study overviewing cage subsidence and
adjacent fractures following surgical correction of lumbar
degenerative kyphosis but found that neither outcome was
more prevalent amongst osteoporotic patients.”’

Spinopelvic Parameters

Other radiographic outcomes assessed in 4 studies included
coronal distance of C7 plumbline to the central sacral line
(C7PL), pelvic incidence-lumbar lordosis (PI-LL), sagittal
vertebral axis (SVA), pelvic tilt, thoracic kyphosis, sacral
slope, and sagittal decompensation,?>2¢-27-3

The one study examining changes in C7PL was a single-
center, retrospective review by Ploumis et al In this study, 54
patients who underwent long spinal fusion with ASD dem-
onstrated that osteoporosis was a statistically significant factor
for the changes of coronal C7PL (F = 4.99, P = .032).*°

Two studies studied the relationship between osteopo-
rosis and PI-LL in patients with ASD. Nakazawa et al
assessed sufficient correction, defined as postoperative PI-
LL mismatch <10°, and found that patients with sufficient
compared to insufficient correction had significantly dif-
ferent pre-operative BMDs (1.04 £.31vs.74+.17, P=.03),
but not T-scores (—1.5+ 1.3 vs —1.6 + 1.0, P = .86).?° The
other study by Yagi et al did not find a difference in PI-LL
between the mildly low BMD group and the severely low
BMD group.?

Three papers assessing SVA all determined that osteopo-
rosis was not a significant risk factor for this postoperative
radiographic parameter.”**%2” In addition to SVA, Kim et al
investigated other spinopelvic parameters such as lumbar
lordosis, pelvic tilt, thoracic kyphosis, sacral slope, and
sagittal decompensation in 40 patients with lumbar degen-
erative kyphosis, none of which were significantly associated
with osteoporosis.”” The other paper by Yagi et al that ex-
amined the relationship between pelvic tilt and osteoporosis
was also unable to find a significant difference.”
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Table 2. Summarized Results of Studies Focusing on Radiographic Outcomes.

Study Type of Study

Patient population/Indications

QOutcome of Interest

Results

Yagi et al 2012* Retrospective case

series (n = 76)

Park et al 2017 Retrospective case

review (n = 160)

Yagi et al al 201 I* Retrospective case

series (n = 157)

Wang et al 2016* Prospective cohort

study (n = 98)

Lee et al 2014* Retrospective

comparative study

(n = 47)
Kyroli et al 2019* Retrospective

cohort study (n =
79)

Yagi et al 2018 Retrospective
propensity-
matched cohort

study (n = 113)

Hyun et al 2016* Retrospective
database review (n

= 44)

Rodriguez-Fontan et al Retrospective
2020* matched cohort
study (n = 80)

Retrospective case
series (n = 63)

Park et al 2020*

Patients undergoing long
instrumented (>5 levels) spine
fusion for adult idiopathic
scoliosis

Patients undergoing long spinal
fusion to the sacrum for ASD

Patients undergoing long
instrumented (>5 levels) spine
fusion for adult idiopathic
scoliosis

Patients undergoing instrumented

segmental posterior spinal
fusion

(>4 levels) for degenerative
lumbar scoliosis

Patients undergoing lumbar fusion

for sagittal imbalance due to
lumbar degenerative kyphosis

Patients undergoing corrective
surgery of coronal or sagittal
deformity of the spine

Patients undergoing long
instrumented (>5 levels) spine
fusion for adult idiopathic
scoliosis

Pkt

PIK
Sl

P)K

Pkt

PIK

lal

Rod breakage

pJEt
PI-LL
SVA
PT

Patients undergoing multilevel (>5 PJK+

levels) spinal instrumented
fusion stopping at the
thoracolumbar junction (from
T9 to L2) for ASD

Patients undergoing posterior
instrumented fusion for
correction of ASD

Patients undergoing all-pedicle-
screw instrumentation and

fusion for ASD with the upper

instrumented level at the
thoracolumbar junction

PJK + PJF

pFt

T-score of PJK group:
—1.32 + .34

T-score of non-PJK group:
—1.08 + .32

(+) or (—) osteoporosis: PJK
P-value = .55

(+) or (—) osteoporosis: PJF
P-value <.001

BMD of PJK group:
69 £ .19 g/lem®

BMD of non-PJK group:
79 % .18 glem?

BMD of PJK group:
—1.4 + 8 glem?

BMD of non-PJK group:
—7 % .3 glem?

Multivariate OR: 3.27
(95% Cl: 9.85-91.13, P <
.001)

BMD of PJK group:
—2.19 + 1.27 glem?

BMD of non-PJK group:
—1.98 + 1.58 g/lem?

PJF group: 50.0% with
osteoporosis

Non-PJF group: 15.5% with
osteoporosis

Rod breakage group: 40.0%
with osteoporosis

Non-rod breakage group:
15.9% with osteoporosis

T-score < —1.5: 33% with PJF

T-score > —1.5: 8% with PJF

Univariate OR: 6.4
(95% ClI: 1.2-32.3, P < .0l)

PI-LL of T-score < —1I.5:
36.8 + 23.5°

PI-LL of T-score > —1.5:
34.6 + 23.3°

SVA of T-score < —1.5:
81.8 £ 59.1 mm

SVA of T-score > —1.5:
80.6 £ 59.2 mm

PT of T-score < —1I.5:
308 I1.6°

PT of T-score 21.5: 30.7 £
11.7°

T-score of PJK group:
-25+12

T-score of non-PJK group:
—13+13

Multivariate OR: 2.6
(95% CI: .9-6.8, P = .08)

Multivariate OR: 4.46
(95% CI: 1.13-17.62, P =
.03)

(continued)
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Table 2. (continued)
Study Type of Study Patient population/Indications Outcome of Interest Results
Kim et al 2017* Retrospective case  Patients undergoing multilevel (>4 PJK+ T-score of PJK group:
series (n = 49) levels) posterior fusion with —2.30 £ .85
instrumentation for ASD T-score of non-PJK group:
—1.01 + .67
Kim et al 2020* Retrospective case  Patients undergoing long fusion  PJK T-score of PJK group:
series (n = 68) surgery with pelvic fixation Screw loosening —29 % I.1

Bridwell et al 2013*

Maruo et al 2013*

Yagi et al 201 I*

Ploumis et al 2015

Yuan et al 2021*

Banno et al 2019*

Nakazawa et al 2018*

Retrospective case
series (n = 90)

Retrospective case
series (n = 90)

Retrospective
database review (n
= 176)

Retrospective case
series (n = 54)

Retrospective study
(n = 130)

Retrospective study
(n = 106)

Retrospective case
series (n = 23)

using bilateral iliac screws for

ASD

Patients undergoing primary
instrumented multilevel
posterior spinal fusion

(=5 levels) for adult idiopathic/

degenerative scoliosis

Patients undergoing long
instrumented spinal fusion
(=6 levels) to the sacrum for
ASD

Women treated surgically for

scoliosis with preoperative

BMD assessment of the lumbar

spine and femoral neck
determined by DXA

Patients undergoing multilevel (>4
levels) fusions ending at L5 or

S| for ASD
Patients undergoing long spinal
fusion (25 levels) for

degenerative lumbar scoliosis

Patients undergoing fusion
surgery with bilateral iliac

screws for ASD with 2 groups:

Conventional two-rod or
multi-rod constructs

Patients undergoing surgery for
ASD using S2 alar screws as

anchors in the lower vertebrae

PIK

PIK

Fusion rate

C7PL distance from the

midsacrum in the
coronal plane
Screw loosening

+

Screw loosening

Screw loosening
PI-LL

PIl-LLT

SVA

T-score of non-PJK group:
—26+ 13

T-score of screw loosening
group: —2.9 = 1.2

T-score of non-screw
loosening group: —2.5 £ 1.3

PJK group: 33.3% with
osteoporosis

Non-PJK group: 32.8% with
osteoporosis

PJK group: 55% with
osteoporosis

Non-PJK group: 37% with
osteoporosis

Fusion rate by spine T-score:
88.9% with osteoporosis;
94.1% with osteopenia;
93.5% normal fusion rate by
hip
T-score: 89.5% with
osteoporosis; 93.1% with
osteopenia; 94.3% normal

F = 4.99 on repeated
measures regression
analysis (P = .032)

T-score of screw loosening
group: —2.1 £ 1.0

T-score of non-screw
loosening group: —1.4 £ 1.5

Multivariate OR: 2.40 (95% CI:
2.40-27.97, P = .001)

T-score of screw loosening
group: —1.9 £ 0.9

T-score of non-screw
loosening group: —1.0 £ 0.8

Multivariate OR: 2.63 (95% Cl:
1.17-5.90, P = .019)

T-score of screw loosening
group: —2.0 £ |.16

T-score of non-screw
loosening group: —.96 * .68

T-score of PI-LL <10°:

—1.5+ 1.3
T-score of PI-LL >10°:
—1.6+1.0

BMD of PI-LL <10°: 1.04 + .31
BMD of PI-LL >10°: .74 = .17
T-score of SVA <40 mm:

—1.6 £ I.1
T-score of SVA 240 mm:
—1.5+£12

(continued)
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Table 2. (continued)

Study Type of Study Patient population/Indications Outcome of Interest Results
O’Leary et al Retrospective Patients undergoing spinal fusion Pedicle screw fracture  T-score of fracture group:
matched cohort (>4 segments) with long —1.73 £ .76
analysis (n = 44) segmental pedicle screw T-score of non-fracture
constructs for ASD group: —.58 % 1.12
Lertudomphonwanit ~ Retrospective Patients undergoing long Rod fracture' Rod fracture group: 23.5%
et al 2018* cohort study posterior fusion (25 levels) to with osteoporosis
(n = 526) the sacrum for ASD Non-rod fracture group:
22.1% with osteoporosis
Kim et al 2015* Retrospective study Patients undergoing surgery Pseudarthrosis Rate of pseudarthrosis: 6.3%
(n = 40) involving posterior column SVA with osteoporosis, 13.3%
release with segmental pedicle LL with osteopenia, 33.3% with
screw insertion for lumbar PT severe osteoporosis
degenerative kyphosis TK SVA of osteopenia: 74.4 +
SL 58.1
Sagittal decompensation SVA of osteoporosis:
(SD) 928 £ 72.9

Cage subsidence
Proximal adjacent
fractures

Xu et al 2022* Retrospective study Patients undergoing lumbosacral ~Screw Ioosening+
(n=78) instrumentation for
degenerative lumbar scoliosis

SVA of severe osteoporosis:
110.1 +92.8

LL of osteopenia: 33.0 + 2.4

LL of osteoporosis: 33.0 + 9.3

LL of severe osteoporosis:
—33.0 + 22.1

PT of osteopenia: —37.5 £
14.7

PT of osteoporosis:
—33.1 £ 13.1

PT of severe osteoporosis:
346 £ 11.3

TK of osteopenia: 30.6 + 9.1

TK of osteoporosis: 32.1 +
16.5

TK of severe osteoporosis:
346 £ 11.3

SL of osteopenia: 26.2 £ 8.5

SL of osteoporosis: 24.6 £ 7.5

SL of severe osteoporosis:
267 £99

Osteopenic group: 33.3% with
SD

Osteoporotic group: 43.8%
with SD

Severely osteoporotic group:
22.2% with SD

Osteopenic group: 6.7% with
cs

Osteoporotic group: 31.2%
with CS

Severely osteoporotic group:
22.2% with CS

Osteopenic group: 20.0% with
fractures

Osteoporotic group: 6.3%
with fractures

Severely osteoporotic group:
33.3% with fractures

Screw loosening group: 75.0%
with osteoporosis

Non-screw loosening group:
20.6% with osteoporosis

* = included in meta-analysis.
= statistically significant relationship between outcome and osteoporosis (P < .05).

PJK/PJF, proximal junctional kyphosis/failure; SVA, sagittal vertical axis; PI-LL, pelvic incidence-lumbar lordosis; LL, lumbar lordosis; TK, thoracic kyphosis; PT,

pelvic tilt; C7PL, C7 plumbline; SL, sacral slope.
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Complications

Overall Complications

Four studies assessed overall complications of osteoporotic
individuals vs non-osteoporotic individuals undergoing sur-
gery for ASD (Table 3).*'*3'-*? Yagi et al and Varshneya et al
did not find an association between osteoporosis and a higher
rate of complications.>'? However, Noh et al reported an
increased hazard ratio with osteoporosis for the development
of mechanical complications after multilevel posterior spinal
fusion (HR: .28, 95% CI: .14-.53, P = .0001).>* Scheer et al
also found that osteoporosis was significantly more prevalent
in patients who developed complications compared to those
who did not (18.9% vs 10.3%, respectively, P = .0065).>'

Revision Surgery

In total, 4 studies assessed the impact of osteoporosis on rates of
revision surgery.”*>*** Gupta et al and Taliaferro both found
that osteoporosis significantly increases the likelihood of re-
vision surgery in patients with ASD (P = .013 and P < .001,
respectively).”** In Puvanesarajah et al’s PearlDiver database
review of 2293 patients who underwent >8 level primary
thoracolumbar posterolateral fusion, osteoporosis was signifi-
cantly more prevalent in patients who had revisions at 1, 2, 3, 4,
and 5 years postoperatively compared to patients who did not
undergo reoperation (P < .005 for all).>* Varshneya et al’s
regression analysis of a cohort of Medicare patients undergoing
ASD correction identified osteoporosis as an independent risk
factor for revision surgery within 1 and 2 years (P =.0036 and
P < .001), but not at 90 days or 6 months after surgery.’®

Readmission Rates

Two studies examined the interplay between osteoporosis and
readmission following surgery for ASD.*** Taliaferro et al’s
univariate analysis identified osteoporosis as a significant risk
factor for readmission within both 30 days and 90 days after
index surgery (P < .01 for both),** while Varshneya et al was
unable to establish a significant relationship between those
who had osteoporosis compared to those who did not at 30, 60,
and 90 days after discharge.’

Neurologic Injury

Two studies assessed the relationship between osteoporosis
and neurologic injuries following surgery for ASD.*"'? Neither
Kyrola et al nor Varshneya et al established a significant
relationship between these 2 variables.>'

Surgical and Patient-Reported Outcomes

Surgical Outcomes

Three studies focused on the relationship between osteopo-
rosis and postoperative surgical outcomes including length of

stay, total index hospitalization cost, outpatient cost, and
discharge disposition.*>>*® Klineberg et al reported a higher
prevalence of osteoporosis in patients with a hospital length of
stay >9 days.” Varshneya et al looked at both total index
hospitalization cost and outpatient cost in 2564 Medicare
patients undergoing ASD correction surgery. Although the
difference in index hospitalization cost was not different, the
outpatient cost was significantly greater for patients with
osteoporosis compared to those without (P < .05).> Finally,
Amin et al determined that osteoporosis is a risk factor for
non-routine discharge of patients to a rehabilitation facility
instead of home (OR: 3.20, 95% CI: 1.70-5.80, P < .001)
(Table 4).*°

Intraoperative Blood Loss

Harris et al and Raad et al reported on the relationship between
osteoporosis and major blood loss (MBL) during multilevel
fusion for ASD, and both established that lower bone mineral
density was predictive of increased risk of MBL intra-
operatively (P = .042 and P = .026, respectively).>’~*

Functional Outcomes

Four studies assessed clinical outcomes in patients with ASD
including functionality, level of back pain postoperatively,
clinical improvement, and patient satisfaction.'**°**! Higher
rates of osteoporosis were identified in patients with a decline
in functionality postoperatively’® and those with persistent
moderate/severe low back pain.** However, Yuan et al did not
find a difference in T-score or BMD between patients who
missed and reached a minimum clinically important differ-
ence.*' Lastly, being in the worst 20th percentile of scoliosis
research society deformity sequence questionnaire (SRS-30)
and/or Oswestry Disability Index scores were not associated
with osteoporosis.'?

Meta-Analysis Results

Overall, 28 studies were eligible for inclusion in the meta-
analysis, as marked in Table 1. Forest plots for all analyses in
Tables 5 to 7 are available as supplementary files. Table 5
reports on the different rates of 9 outcomes between osteo-
porotic and non-osteoporotic patients. Only rates of screw
loosening were found to significantly differ between osteo-
porotic and non-osteoporotic patients when pooled from 2
papers (70.5% vs 31.9%, P =.009).%**** Four articles focused
on PJK and found that 37.9% of osteoporotic patients vs
26.3% of patients with normal BMD developed this com-
plication (P = .130)."*'7-2'*> Three articles assessed the rate
of any complication postoperatively but found no significant
differences between osteoporotic and non-osteoporotic pa-
tients (35.9% vs 29.4%, P = .683).>'"* The overall rate of
revision surgery was also not different across the 3 pooled
studies, with 30.6% of osteoporotic patients and 21.3% of
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Table 3. Summarized Results of Studies Focusing on Rates of Various Complications.

Patient population/Indications Outcome of Interest

Results

Study Type of Study
Kyrola et al Retrospective
2019* cohort study (n =
79)
Scheer et al Retrospective
2016* multicenter

database study

(n = 557)

Noh et al 2019  Retrospective
comparative study

(n = 203)

Gupta etal 2000* Retrospective
comparative study

(n =399
Puvanesarajah Retrospective
et al 2016* database review
(n =2293)

Varshneya et al  Retrospective
2022%* cohort study (n =

2564)

Patients undergoing corrective surgery of Neural injury
coronal or sagittal deformity of the

Patients undergoing posterior spinal Overall major intra-or
fusion for ASD

complications

Overall mechanical
complications

Patients undergoing multilevel (>4 levels)
posterior spinal fusion for ASD

Patients undergoing long (27 levels)
posterior spinal fusion for scoliosis

Revision surgery

Patients undergoing long (=8 levels) Revision surgery

posterolateral spinal fusion for ASD

Patients undergoing long (27 levels)
posterior spinal fusion for adult spinal

Overall complications
Revision surgery

Neural injury group: 0% with
osteoporosis

Non-neural injury group:
23.4% with osteoporosis

Complication group: 18.9%
with osteoporosis

No complication group:
10.3% with osteoporosis

Multivariate HR: .28
(95% CI: .14-.53, P =.0001)

Bivariate OR: 1.75
(95% ClI: 1.13-2.71, P =
.0130)

ly revision group: 12.7% with
osteoporosis

2y revision group: 19.7% with
osteoporosis

3y revision group: 22.0% with
osteoporosis

4y revision group: 23.5% with
osteoporosis

Sy revision group: 23.9% with
osteoporosis

Multivariate OR at 5y: 1.98
(95% CI: 1.60-2.46, P <
.0001)

Complication rate: 54.6% in
osteoporosis

Complication rate: 49.2% in
non-osteoporosis

90d revision OR: I.1
(95% ClI: .9-1.4, P = 2561)

6m revision OR: 1.3
(95% CI: 1.0-1.6, P =.0276)

ly revision OR: |.4
#95% Cl: 1.1-1.7, P = .0036)

2y revision OR: 1.6
(95% Cl: 1.3-1.9,P< .001)
30d readmission OR: 1.4

(95% CI: 1.1-1.9, P = .0098)
60d readmission OR: .3

(95% CI: 1.1-1.7, P = .0221)
90d readmission OR: 1.3

(95% CI: 1.1-1.6, P =.0371)

Rate of neural injury: 1.0% in
osteoporosis

Rate of neural injury: .8% in
non-osteoporosis

(continued)
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Table 3. (continued)

Study Type of Study

Patient population/Indications

Qutcome of Interest Results

Taliaferro et al ~ Retrospective state

2021* database review fusion (23 levels) for degenerative
(n =12 641) spinal deformity
Yagi et al 201 |* Retrospective Women treated surgically for scoliosis
database review (n  with preoperative BMD assessment of
= 176) the lumbar spine and femoral neck

determined by DXA

Patients undergoing posterolateral lumbar Revision surgery+ Univariate OR: .40

Readmission (95% CI: 1.13-1.74, P <
.001)

30d readmission OR: .28
(95% CI: 1.12-1.45, P < .0I)

90d readmission OR: .37
(95% CI: 1.23-1.53, P <
.001)

Complication rate by spine
T-score: 27.8% with
osteoporosis; 5.9% with
osteopenia; 14.9% normal

Complication rate based on
hip
T-score: 10.5% with
osteoporosis; 12.6% with
osteopenia; 15.7% normal

Overall complications

* = included in meta-analysis.

= statistically significant relationship between outcome and osteoporosis (P < .05).

non-osteoporotic patients undergoing reoperation at any time
point after index surgery (P = .081).%**** Two papers reported
on PJF,IZ’16 2 on fusion rates,lg’27 2 on rates of neural
injury,'? 2 on rates of rod breakage,'**® and 2 on read-
mission rates within 30 days,** but none of these differences
were statistically significant.

Table 6 reports on the differences in bone quality between
cases and controls for PJK and screw loosening using average
T-scores. Included papers investigated patients who under-
went fixation down to the pelvis to maintain consistency in
comparisons. Two studies compared T-scores between PJK
and non-PJK cohorts and found that patients who developed
PJK had significantly lower T-scores (—2.597 + .476
vs —1.796 + 461, P < .001)."""" Similarly, 2 studies were
pooled to assess screw loosening and found that patients who
developed this complication had significantly lower T-scores
than their counterparts (—2.269 +.169 vs —1.479 +.165, P <
001).11:2526

Table 7 demonstrates differences in T-scores between
patients who developed PJK and those who did not after
fixation of the T10 segment and beyond. There were an in-
sufficient number of studies available to assess rates of screw
loosening in this cohort. Across 4 studies, T-scores were
significantly lower amongst patients who developed PJK than
those who did not (—2.067 + .045 vs —1.132 £ .048, P <
001). 101318

Discussion

Herein, we conduct a systematic review and meta-analysis to
assess the impact of osteoporosis on outcomes following ASD
surgery. In contrast with degenerative conditions, the

management of spinal deformities often involves much
lengthier and technically complex surgeries, often with sig-
nificant complication rates both intraoperatively and
postoperatively.’>"** Our meta-analysis identified a 30.6%
revision rate in osteoporotic patients compared with 21.3% in
non-osteoporotic patients across a pooled cohort of 5256
patients, but this difference was not statistically significant
(P = .081). Notably, however, all 4 papers in the systematic
review that reported on this outcome reported that osteopo-
rosis was a risk factor for the reoperation of ASD.>*~*** With
the prevalence of osteoporosis ranging from 16%-61% across
these 4 studies, and a reoperation rate between 4.2%-32.1%
within a range of 90 days to 5 years, it is possible that these
differences may have skewed the results of the meta-analysis.
Moreover, Puvanesarajah et al investigated a cohort of 2293
patients who underwent multilevel (>8 segments) thor-
acolumbar posterolateral fusion for ASD and found that a
significantly greater proportion of patients who underwent
reoperation at 1, 2, 3, 4, and 5 years after the index surgery
were osteoporotic. Osteoporosis was furthermore a strong
independent predictor of 5-year revision rates on their mul-
tivariate analysis (OR: 1.98, 95% CI: 1.60-2.46, P < .0001).>
These results indicate that future investigations into not just
reoperation rates, but any outcome after surgery, should be
stratified by follow-up period.

Puvanesarajah et al also identified instrumentation failure
as the most common reason for reoperation at 5 years, which
was present in over 50% of patients who required reopera-
tion.>® This suggests that the impaired biomechanical strength
of osteoporotic bone may present a significant surgical and
financial burden. Osteoporosis is a metabolic bone disease that
affects the microarchitecture and structural integrity of bone
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Table 4. Summarized Results of Studies Focusing on Surgical, Hospital, and Patient-Related Outcomes.

Study Type of Study Patient population/Indications Outcome of Interest Result
Kyrola et al Retrospective cohort Patients undergoing corrective surgery Worst 20 percentile of SRS-  Multivariate OR: .85
2019* study (n = 79) of coronal or sagittal deformity of the 30 and/or ODI scores (95% Cl: .35-9.77, P = 47)
spine
Harris et al Retrospective cohort Patients undergoing posterior spinal Intraoperative maLt Osteoporosis group: Mean
2022 study (n = 91) fusion (25 levels) for ASD EBL 2383 + 1019 mL
Non-osteoporosis group:
Mean EBL 1482 + 622 mL
Multivariate OR: 2.47
(95% Cl: 1.03-5.89, P =
.042)
Raad et al Retrospective review Patients undergoing multilevel Intraoperative maLt MBL group: 33% with
2017* (n =237) (25 levels) spinal fusion for ASD osteoporosis
Non-MBL group: 15% with
osteoporosis
Multivariate OR: 2.40
(95% Cl: 1.10-5.40, P =
.026)
Klineberg et al Retrospective Patients undergoing corrective surgery Hospital length of stay+ LOS 29 days: 22.9% with
2016* multicenter database of coronal or sagittal deformity of the osteoporosis
study spine LOS <9 days: 11.3% with
(n = 380) osteoporosis
Amin et al Retrospective review Patients undergoing multilevel Nonroutine discharge+ Nonroutine discharge: 34%
2018* (n =303) (=5 levels) spinal fusion for ASD with osteoporosis

Varshneya et al Retrospective cohort

2022* study (n = 2564)
Zhang et al Retrospective study
2021%* (n=179)

Yuan etal 2020 Retrospective cohort
study (n = 123)

Passias et al

2020 (n = 166)

Patients undergoing long (7 levels)
posterior spinal fusion for adult spinal
scoliosis

Patients undergoing long fusion

arthrodesis (24 segments) for scoliosis

Patients undergoing spinal fusion for
adult degenerative lumbar scoliosis

Retrospective case series Patients undergoing surgical correction

of ASD with 3 year ODI follow-up

Index hospitalization cost

Outpatjent cost within 30
days

Outpatjent cost within 60
days

Outpatjent cost within 90
days

_I_

Low back pain

MCID in outcome

Sustained vs deteriorated
functionality

Discharge to home: 17% with
osteoporosis
Multivariate OR: 2.4
(95% Cl: 1.3-4.5, P = .008)
Osteoporosis group:
$111,088
Non-osteoporosis group:
$101,771
Osteoporosis group: $5960
Non-osteoporosis group:
$4721
Osteoporosis group: $8421
Non-osteoporosis group:
$6620
Osteoporosis group: $10,123
Non-osteoporosis group:
$8130
No or mild LBP: 45.7% with
osteoporosis
Moderate/severe LBP: 72.7%
with osteoporosis
Multivariate OR: 4.57
(95% Cl: 1.33-15.77, P =
.016)
T-score of missed MCID:
—1.87 £ 1.15
T-score of reached MCID:
—1.78 £ 1.20
BMD of missed MCID:
65 £ .14 glem?
BMD of reached MCID:
67 % .13 glem?
Deteriorated functionality:
22.9% with osteoporosis
Sustained functionality: 9.3%
with osteoporosis

* = included in meta-analysis.

= statistically significant relationship between outcome and osteoporosis (P < .05).
SRS-30, scoliosis research society deformity sequence questionnaire; ODI, Oswestry Disability Index; MBL, major blood loss; MCID, minimum clinically

important difference; LBP, low back pain.
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Table 5. Results of the Meta-Analysis Comparing Outcomes After Surgery for Deformity of the Adult Thoracolumbar Spine Between

Osteoporotic and Non-osteoporotic Patients.

Outcome Osteoporosis(%) Non-osteoporosis (%) P value
Overall complication rate 359 115 294 £ 112 .683
Fusion rate 92.0 + 47 93319 .795
Rate of neural injury 1.0 £ 155 15+ 11.3 .585
Rate of PJK 37962 263 + 45 .130
Rate of PJF 41.1 £ 13.7 168 + 11.4 175
Revision surgery rate 306 £ 3.8 213 37 .081
Rate of rod breakage 21.0£55 145 + 3.8 330
30 day readmission rate 148 + 2.4 11.7 +24 .366
Rate of screw loosening 70.5 £ 10.7 319 £ 10.2 .009

Table 6. Results of the Meta-Analysis Comparing Bone Quality Between Cases and Controls Where all Patients Underwent Pelvic Fixation.

Outcome Parameter Cases Controls P value
Proximal junctional kyphosis BMD - - -
Proximal junctional kyphosis T-score —2.597 + 476 —1.796 + 461 <.001
Screw loosening T-score —2.269 * .169 —1.479 = .165 <.001

Table 7. Results of the Meta-Analysis Comparing Bone Quality Between Cases and Controls Where all Patients Underwent Fixation of T10

and Beyond.

Outcome Parameter Cases Controls P value
Proximal junctional kyphosis T-score —2.067 + .045 —1.132 £ .048 <.001
Screw loosening T-score - - -

throughout the body, which often means that obtaining suf-
ficient fixation is increasingly challenging in this
population.*>*® A large review performed by Akinturk et al in
2022 of 79 articles with a total of 26 207 patients reported an
overall complication rate of 34.5%, the most common being
hardware failure, PJK, and distal junctional kyphosis.*’ In our
study, 2 of 4 papers found that patients with osteoporosis were
at significantly increased risk of developing any perioperative
or postoperative complication,*'*? and the meta-analysis
corroborated that 35.9% of osteoporotic patients experi-
enced complications compared to 29.4% of non-osteoporotic
patients (Table 5). In Varshneya et al’s large retrospective
database study of 2564 patients, osteoporosis was identified in
61.0% of patients using ICD-9 coding. Although multivariate
regression analysis ultimately did not identify osteoporosis as
a significant risk factor for the development of postoperative
complications, osteoporotic patients had significantly higher
rates of select comorbidities, including cancer, history of
cerebrovascular accident, and peripheral vascular disease, as
well as an overall greater Charlson comorbidity index (P <
.0001).> Though not directly related to outcomes after spine
surgery, these findings highlight the unique challenges that

both surgeons and patients face when faced with the interplay
between reduced bone mineral density and surgical correction
of ASD.

Though it remains unclear to what degree overall com-
plication rates are affected by poor bone stock, we established
that rates of pedicle screw loosening do significantly differ.
Given the heterogeneity across results, screw loosening was
analyzed 2 different ways: the first was based on rates between
osteoporotic and non-osteoporotic patients (Table 5), and the
second was based on differences in T-scores between patients
with and without screw loosening (Table 6). We were able to
identify differing rates of screw loosening between osteopo-
rotic and non-osteoporotic patients (70.5% vs 31.9%, P =
.009), which is consistent with the current literature.*>**%->!
Nonetheless, the clinical significance of screw loosening has
not been fully elucidated. In Yuan et al’s retrospective cohort
study of 130 patients who underwent a minimum of 5-level
fusion for lumbar scoliosis, osteoporosis was identified as a
significant risk factor for pedicle screw loosening within the
12-month follow-up period (OR: 2.40, P = .001). However,
patients experienced improvements in visual analog scale
(VAS) back, VAS leg, SRS-22, and ODI scores after surgery
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irrespective of the presence or absence of pedicle screw
loosening.”® Several other investigations have shown that
functional outcome scores were not affected by pedicle screw
loosening.***? Other investigations have reported that func-
tional outcomes may be affected by screw loosening, but these
were in degenerative lumbar conditions which are distinct
from ASD.**%>? However, Banno et al compared risk factors
and outcomes of iliac screw loosening after ASD correction in
72 patients and reported that patients who developed loos-
ening did not experience improvements in their ODI scores at
the 2-year follow-up compared with patients whose screws
remained appropriately fitted.”* These findings indicate that
more granular investigations into which patients are at higher
risk of subpar clinical improvement are necessary, regardless
of the presence or absence of certain radiographic signs.

In addition to screw loosening, our meta-analysis found
that patients who developed PJK postoperatively had lower
bone mineral densities (BMD) than their non-osteoporotic
counterparts (.69 = .03 g/em® vs .79 £ .01 g/cm?, P = .001).
Proximal junctional kyphosis is a subtype of adjacent segment
disease and is generally defined radiographically by the
presence of kyphosis greater than 10° between the lower
endplate of the upper instrumented vertebra (UIV) and the
upper endplate of the vertebra 2 levels above the UIV.”'®
Proximal junctional kyphosis can result in persistent or re-
current postoperative pain, instability, and neurological def-
icit, and it is thought to be related to overly rigid
instrumentation that results in increased load concentration at
the UIV and subsequently accelerated degeneration and
kyphosis.'”'*2% The diminished ability of osteoporotic bone
to accommodate these increased forces, coupled with the fact
that patients with osteoporosis are frequently comorbid with
sarcopenia, often exacerbates preexisting propensity for de-
veloping adjacent segment disease, or specifically PJK.'%> A
2022 systematic review and meta-analysis by Han et al
overviewing 2388 patients who underwent surgical correction
of ASD identified osteoporosis as a significant independent
risk factor for the development of PJK (OR: 2.86, 95% CI:
1.64-4.99, P = .0002).°® The authors also identified over-
correction of lumbar lordosis as a risk factor (OR: 2.20, 95%
CI: 1.41-3.42, P = .0005). Specifically, a mismatch between
pelvic incidence and lumbar lordosis is a known contributing
factor to adjacent segment degeneration, as well as to reduced
health-related quality of life scores, both of which are also
more prevalent amongst patients with osteoporosis.”’ > These
findings highlight the need for careful surgical planning in-
formed by preoperative spinopelvic parameters to minimize
the risk of adjacent segment degeneration while still attaining
sufficient spinal alignment.

These spinopelvic parameters are frequently assessed pre- and
postoperatively and include the coronal distance of C7 plumbline
to the central sacral line (C7PL), pelvic incidence-lumbar lor-
dosis (PI-LL), sagittal vertebral axis (SVA), pelvic tilt, thoracic
kyphosis, sacral slope, and sagittal decompensation. Of these, 1
paper investigating C7PL established osteoporosis as a risk factor

for coronal plane changes,” and another found that sufficient
correction of PI-LL to <10° was associated with a higher pre-
operative BMD (P = .03), but not T-score (P = .86).%° Although
our 3 papers investigating SVA correction were unable to es-
tablish osteoporosis as a risk factor, sagittal alignment is known
to be important for maintaining painless posture, and the com-
pensatory biomechanical processes triggered by sagittal imbal-
ance have been linked with reduced quality of life
measures.' %! Nakazawa et al reported that ODI scores at the
final follow-up were significantly higher amongst patients who
achieved a postoperative SVA increase of <40 mm compared to
those with an increase of >40 mm.”° Some investigations suggest
that longer fusions may be more suitable for attaining favorable
spinopelvic measurements, highlighting the complex interplay
between bone quality, objective measurements of the spine, and
functional outcomes.?*%*% As such, it is difficult to draw
conclusions regarding the impact of osteoporosis on postoper-
ative spinopelvic parameters from this limited sample of patients,
and future investigations utilizing a large cohort are warranted.

While our systematic review and meta-analysis pertaining to
the impact of osteoporosis on outcomes after surgical correction
of ASD highlights that reduced bone quality indeed may in-
fluence select outcomes, our study is not without limitations.
Firstly, the retrospective nature of the majority of included studies
limits conclusions that may be drawn given the reduced quality
and grade of evidence. When performing the meta-analysis,
different studies often tracked outcomes using different
follow-up periods, which skewed the prevalence of these out-
comes. For example, it is unsurprising that reoperation rates
would significantly differ between a 90-day vs five-year post-
operative period — therefore, more granular data from each
study about the number of patients who underwent reoperation
within each time interval would provide a more robust analysis of
the role osteoporosis might play as a risk factor. To mitigate this
concern, we sought to include papers with a minimum of 1-year
follow-up or a mean follow-up interval of at least 1 year when
this information was available. There were several papers that did
not include this information, making uniform application of this
criterion more difficult. For this reason, some of the results of the
meta-analysis should be interpreted with caution, and this as-
sessment highlights the need for a more uniform method of
collecting outcomes based on follow-up length. Lastly, as there is
no method in which T-scores and BMD can be retrospectively
converted, individual analyses were performed based on mea-
surement technique, which may have diminished the statistical
power underlying some of the meta-analysis results given the
inability to pool these patients. It may be helpful for future in-
vestigations to report both sets of measurements.

Conclusion

This systematic review and meta-analysis sought to determine
the impact of osteoporosis as a risk factor for adverse outcomes
following surgical correction of ASD. Reduced bone quality was
significantly associated with an increased risk of screw
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loosening, and may also impact rates of reoperation, the de-
velopment of PJF, and perioperative complications such as in-
creased intraoperative blood loss. In contrast, osteoporosis did
not seem to increase the risk of pseudarthrosis, PJK, or hospital
readmission. Spinopelvic parameters such as pelvic incidence-
lumbar lordosis and the sagittal vertical axis are frequently as-
sessed pre- and postoperatively to determine whether surgical
correction was sufficient, but we were unable to identify dif-
ferences in these measurements between osteoporotic and non-
osteoporotic patients. Our findings highlight the need for con-
tinued investigation into the magnitude of osteoporosis’s impact
on surgical outcomes, especially at various follow-up intervals,
with the goal of optimizing medical management and surgical
techniques to reduce the frequency of complication events in this
vulnerable population.
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