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ABSTRACT
Background:  As the elderly population grows, the increasing prevalence of osteoporosis presents a unique challenge 

for surgeons. Decreased bone strength and quality are associated with hardware failure and impaired bone healing, which may 
increase the rate of revision surgery and the development of complications. The purpose of this review is to determine the impact of 
osteoporosis on postoperative outcomes for patients with cervical degenerative disease or deformity.

Methods:  A systematic review using Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines and 
Medical Subject Headings terms involving spine surgery for cervical degenerative disease and osteoporosis were performed. This 
review focused on radiographic outcomes, as well as surgical and medical complications.

Results:  There were 16 studies included in the degenerative group and 9 in the deformity group. Across degenerative 
studies, lower bone mineral density was associated with increased rates of cage subsidence in osteoporotic patients undergoing 
operative treatment for cervical degenerative disease. Most studies reported varied results on the relationship between 
osteoporosis and other outcomes such as revision and readmission rates, costs, and perioperative complications. Our meta-
analysis suggests that osteoporotic patients carry a greater risk of reduced fusion rates at 6 months and 1 year postoperatively. 
With respect to cervical deformity correction, although individual complication rates were unchanged with osteoporosis, the 
collective risk of incurring any complication may be increased in patients with poor bone stock.

Conclusions:  Overall, the literature suggests that outcomes for osteoporotic patients after cervical spine surgery are 
multifactorial. Osteoporosis seems to be a significant risk factor for developing cage subsidence and pseudarthrosis postoperatively, 
whereas reports on medical and hospital-related metrics were inconclusive. Our findings highlight the challenges of caring for 
osteoporotic patients and underline the need for adequately powered studies to understand how osteoporosis changes the risk index 
of patients undergoing cervical spine surgery.

Clinical Relevance:  In patients undergoing cervical spine surgery for degenerative disease, osteoporosis is a significant risk 
factor for long-term postoperative complications—notably cage subsidence and pseudarthrosis. Given the elective nature of these 
procedures, interdisciplinary collaboration between providers should be routinely implemented to enable medical optimization of 
patients prior to cervical spine surgery.

Level of Evidence:  1.

Cervical Spine

Keywords: cervical, degenerative, fusion

INTRODUCTION

Osteoporosis affects nearly 200 million people glob-
ally.1 With an aging population, the increasing preva-
lence of osteoporosis presents a unique challenge for 
surgeons.2 This age-related process causes decreased 
bone strength and quality and can contribute to compli-
cations such as hardware failure, impaired bone healing, 
subsequent fractures, and the need for reoperation.1 

Previous studies have also identified a significant cor-
relation between osteoporosis and increased morbidity 
and mortality.3,4 For example, a systematic review by 
Nazrun et al showed osteoporosis was associated with 
increased hospital visits, longer hospital stays, and 
increased health care costs4; meanwhile, a 952-patient 
prospective cohort study by Bliuc et al identified a 10-
year increased risk of mortality in osteoporotic patients 
following low-impact fracture injuries.3

 Copyright 2024 by International Society for the Advancement of Spine Surgery.
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Similarly, cervical spine disease increased in parallel 
to the aging population. A 2021 retrospective study by 
Parentreau et al found the prevalence of degenerative 
disc disease rose from 24.2% in 2005 to 30.1% in 2017.5 
As the incidence of both osteoporosis and degenerative 
cervical spine disease continue to increase, there is a 
need to better understand the interplay between these 
2 conditions. The literature currently presents conflict-
ing evidence for many postoperative complications, 
including rates of cage subsidence, pseudarthrosis, 
readmission, and reoperation in osteoporotic patients 
following surgery for cervical spine pathology.6–16 Thus, 
the purpose of this review is to systematically gather 
and analyze current data to create a more comprehen-
sive understanding of how osteoporosis potentially 
impacts outcomes following surgery for degenerative 
cervical conditions.

METHODS

The following systematic review was conducted in 
accordance with Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines. 
The guiding research question was as follows: “What 
effect does a diagnosis of osteoporosis have on the inci-
dence of adverse outcomes following surgical interven-
tion for cervical degenerative pathology?” Furthermore, 
a search strategy was implemented and eligibility cri-
teria were developed for the screening and inclusion 
of full texts. Institutional Review Board approval and 
informed consent were not required because no patient 
information was collected for this study.

The initial query was carried out on the MEDLINE 
(PubMed) database, which was searched from 1990 to 
August 2022. The search contained the following terms: 
“osteoporosis” AND “cervical” AND (“outcomes” OR 
“revision” OR “reoperation” OR “complication”).

Inclusion criteria included prospective or retrospective 
studies in English that examined the relationship between 
a preoperative diagnosis of osteoporosis and the incidence 
of adverse radiographic outcomes, surgical outcomes, 
and clinical outcomes and complications. Patients were 
determined to have osteoporosis if they were coded as 
such using International Classification of Diseases codes 
specific to that study or if they underwent radiographic 
confirmation of decreased bone mineral density (BMD), 
either by dual-energy x-ray absorptiometry (DEXA) or 
computed tomography (CT). Articles were excluded if 
they were literature or systematic reviews, case reports, 
technique comparisons, or biomechanical or cadaveric 
studies. Articles were also excluded if they did not include 
osteoporotic patients in the study population, if they did 

not assess relevant postoperative outcomes, if no sur-
gical intervention was carried out, or if the study used a 
sample size smaller than 20 patients. Any articles with a 
vertebral compression fracture, trauma, infection, or neo-
plasia as indications for surgery were also excluded. Addi-
tional exclusion criteria were applied after full-text articles 
were identified: articles unrelated to degenerative cervical 
pathology and those in which cement augmentation was 
utilized as part of the surgical intervention. Finally, all 
included studies were comparative in that they included 
cohorts of osteoporotic and nonosteoporotic patients or 
they assessed outcomes based on a continuous measure-
ment of BMD.

The electronic database search and screening were 
carried out by 2 independent reviewers. Studies were 
screened sequentially based on title, abstract, and full text 
and were included or excluded based on the aforemen-
tioned criteria. All eligible articles were saved and pooled, 
and duplicates were removed. Furthermore, the references 
of all included full texts were reviewed to find potentially 
relevant studies that were not identified in the initial query; 
those studies were subjected to the same screening process 
and were included in the final pool as appropriate.

A data extraction sheet was developed using the 
Cochrane Consumers and Communication Review 
Group’s Data Extraction Template for Included Studies,17 
and 3 authors carried out the review of all eligible articles 
and extracted the following information from the included 
studies: author name, publication year, study type, patient 
populations, indications for surgery, and outcomes 
assessed. These outcomes were categorized into radio-
graphic outcomes, surgical outcomes, patient-reported 
outcomes, and complications. The risk of bias was also 
recorded, which was assessed using the Grading of Rec-
ommendations, Assessment, Development, and Evalu-
ation (GRADE) method,18 and articles were assigned a 
GRADE of either very low, low, moderate, or high.

Data extraction for the meta-analysis was carried out by 
3 authors from all eligible articles. Information extracted 
included, when available, the percentage of osteoporotic 
and nonosteoporotic patients with a particular outcome, as 
well as univariate and multivariate analyses linking oste-
oporosis with outcomes. Outcomes were included in the 
final analysis if they were present in 2 or more studies and 
if they were measured similarly between studies. Radio-
graphic outcomes included pseudarthrosis and cage sub-
sidence. The complications category included readmission 
rate and reoperation rate. Patient-reported outcomes 
included the Japanese Orthopedic Association (JOA) 
score19 and visual analog score (VAS), while surgical out-
comes included hospital length of stay.
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Statistical Methods

Comprehensive Meta-Analysis (version 2) was used 
to perform statistical analysis. The effects of different 
studies were summed using the random effects model. A P 
value less than 0.05 was considered significant. Variables 
included in the study were either (1) categorical or (2) 
means with reportable standard deviations. The standard 
error of means was calculated from the mean, sample size, 
and standard deviation.

RESULTS

Study Characteristics

The determination of how studies were included and 
excluded is outlined in the PRISMA diagram in Figure 1. 
We initially identified 1912 records, but application of 
exclusion criteria yielded 1432 articles. An additional 53 

records were identified via references and screened for rel-
evance. After screening the titles, 528 records remained, 
of which 223 full-text articles were assessed for eligibil-
ity (n = 305 excluded after abstract review). Of these, we 
included 16 studies related to cervical degenerative pathol-
ogy, 14 of which were retrospective, and 2 of which were 
prospective cohort studies. Three studies were included in 
the final meta-analysis (Table 1).

Risk of Bias and Quality of Evidence

The GRADE guidelines18 were used to determine the 
risk of bias, and the level of evidence was determined using 
the schema from the Journal of Bone and Joint Surgery 
for all 16 included studies.25 One study had a GRADE of 
moderate, 11 had GRADEs of low, and 4 were very low. In 
terms of the level of evidence, 14 studies had level III evi-
dence, 1 had level II evidence, and 1 had level I evidence.

Figure.  Study selection flowchart.
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Radiographic Outcomes

A total of 11 studies evaluated the relationship between 
osteoporosis and various radiographic outcomes, includ-
ing cage subsidence, pseudarthrosis, and degree of cervi-
cal lordosis correction. Nine of these were retrospective 
cohort or database studies, and 2 were prospective cohort 
studies.6–16 Of the 8 studies that assessed cage migration, 5 
found that poor bone stock was associated with the devel-
opment of this complication.7,9,10,14,15 Lee et al calculated 
Hounsfield units (HUs) based on 6 regions of the cervical 
spine in a cohort of 40 patients who underwent anterior 
cervical discectomy and fusion (ACDF) with stand-alone 
polyether-ether-ketone (PEEK) cages. The authors found 
that lower regional HU was associated with the devel-
opment of cage decrement (P < 0.01), which is defined 
as a reduction in the total intervertebral disk height.10 In 
contrast, 3 studies did not find that BMD was related to 
the development of cage subsidence.6,12,16 Brenke et al’s 
randomized controlled trial of 88 patients compared 2 
cage types but did not find that BMD was related to the 
rate of cage subsidence in the entire cohort.6 In Lee et al’s 
retrospective cohort study of 78 patients who underwent 
single-level ACDF for neck pain and radiculopathy, oste-
oporosis was also not found to be a risk factor for subsid-
ence.12 Lastly, Zhang et al also did not find that low BMD 
was linked to cage subsidence in their cohort of 42 patients 
who underwent single-level ACDF with a Zero-Profile 
device. However, osteoporotic patients in this study under-
went medical treatment of their osteoporosis after surgery, 
an aspect that was undefined in the other studies.16

Five retrospective studies assessed risk factors for 
pseudarthrosis following cervical spine surgery with an 
overall fusion rate in osteoporotic patients ranging from 
58.8% to 100% at the final follow-up.8,11,13,15,16 Bergin et 
al reported a 41.2% prevalence of pseudarthrosis at 1 year 
follow-up in their cohort of 326 patients (OR: 4.97, 95% 
CI: 1.51–1.64, P < 0.01).8 Assessment of bony union at 
earlier time points yielded fusion rates in the range of 60% 
to 96.2% depending on the time-point.11,13,16 Five retro-
spective studies assessed risk factors for cage pseudar-
throsis following cervical spine surgery, wherein 2 studies 
identified osteoporosis to be significantly predictive.8,13 
Ren et al’s retrospective cohort study of 259 patients with 
cervical spondylotic disease reported that osteoporosis 
was an independent predictor of cage pseudarthrosis after 
ACDF (OR: 1.94, 95% CI: 1.44–2.51, P = 0.001).13 Sim-
ilarly, Bergin et al identified osteoporosis as a significant 
risk factor for pseudarthrosis after ACDF in a retrospective 
study of 326 patients (OR: 4.97, 95% CI: 1.51–16.4, P < 
0.01).8 In contrast, retrospective cohort studies from Lee et 
al, Yan et al, and Zhang et al, which included 85, 75, and 

42 patients with cervical myelopathy, respectively, were 
unable to establish osteoporosis as a risk factor for pseu-
darthrosis.11,15,16

Two studies assessed the degree of cervical lordosis 
correction before and after surgery. In Yan et al’s cohort 
of 75 osteoporotic patients with cervical spondylotic 
myelopathy who underwent anterior corpectomy and 
reconstruction, the C2-C7 lordotic angle was unchanged 
based on osteoporosis severity.15 Similarly, Zhang et al 
found no difference in the C3-C7 Cobb angle between 
osteoporotic and nonosteoporotic patients in their cohort 
of 42 patients.16

Complications

Overall, 6 retrospective studies reported on the rela-
tionship between osteoporosis and surgical outcomes, 
including postoperative complications, reoperation, and 
readmission rates in patients with degenerative disc 
disease.

Postoperative Complications

Three studies assessed postoperative complications. 
Veeravagu et al’s retrospective database study of nearly 
29,000 individuals who underwent anterior cervical dis-
cectomy and fusion (ACDF) procedures showed that 
patients with osteoporosis had an increased risk of general 
postoperative complications further defined as postopera-
tive infection, wound dehiscence, chronic pain, pulmonary 
embolism, deep vein thrombosis, or dysphagia (OR: 1.48, 
P = 0.004).23 Similarly, a 2016 noninterventional study by 
Guzman et al found that a diagnosis of osteoporosis was 
associated with an increased risk of postoperative hem-
orrhage (OR: 1.70, 95% CI = 1.46–1.98, P < 0.0001).20 
Lastly, Zhang et al’s retrospective study of patients fol-
lowing ACDF found a nonsignificant association between 
osteoporosis and cervical soft tissue swelling or dysphagia 
(P > 0.05).16

Need for Readmission

Two studies described the association between osteo-
porosis and need for readmission. Veeravagu et al found 
that osteoporosis was significantly linked with any-cause 
readmission after ACDF in a cohort of nearly 29,000 
patients (OR: 1.30, P = 0.03)23; meanwhile, Rumalla et 
al’s database study of 30,000 patients found no association 
between osteoporosis and readmission following posterior 
fusion for cervical degenerative disease, reporting rates of 
5.5% and 10.0% of 30- and 90-day readmission, respec-
tively, in 1400 osteoporotic individuals.24
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Reoperation Rate

There were 4 studies that assessed the relationship 
between osteoporosis and reoperation rates. Park et al’s 
retrospective study of 8000 patients who underwent ACDF 
for cervical spondylotic radiculopathy and myelopathy 
did not identify osteoporosis to be a contributing factor 
to reoperation rates (P = 0.857).21 The same authors also 
compared reoperation rates according to different fusion 
techniques in a study of more than 9000 patients with 
degenerative cervical spine disease and found that osteo-
porosis was not associated with reoperation throughout the 
entire study period (P = 0.877).22 Alternatively, Guzman 
et al’s database study of 1.6 million patients who under-
went any type of cervical fusion identified osteoporosis 
as a significant risk factor for reoperation (OR: 1.54, P < 
0.0001).20 Similarly, Veeravagu et al also demonstrated 
that osteoporotic patients were more likely to require reop-
eration after ACDF (OR: 1.26, P = 0.0002).23

Surgical and Patient-Reported Outcomes

Surgical Outcomes

Two studies assessed both the cost of surgery and length 
of hospital admission. The first, by Zhang et al, examined 
outcomes following ACDF surgery in both osteoporotic 
and nonosteoporotic patients. They found that patients 
with osteoporosis incurred greater surgical costs (P < 
0.001) but did not have longer hospital stays.16 Conversely, 
Guzman et al found osteoporosis to be linked to signifi-
cantly greater costs and longer lengths of stay (P < 0.0001 
for both).20 Zhang et al also assessed surgical parame-
ters such as operative time and intraoperative blood loss 
during ACDF but did not find a significant difference in 
either metric between osteoporotic and non-osteoporotic 
patients.16

Patient-Reported Outcomes

Two studies investigated patient-reported outcomes. 
Yan et al focused on the JOA score and VAS pain index 
in patients with varying degrees of osteoporosis after ante-
rior corpectomy and reconstruction for cervical spondy-
lotic myelopathy.15 There was no significant association 
between the degree of osteoporosis and a poor JOA score 
(P > 0.05); similarly, even though scores on the VAS pain 
index improved significantly for both moderately and 
severely osteoporotic patients (P < 0.001), the difference 
between the groups was nonsignificant (P > 0.05). The 
study by Zhang et al, which looked at the JOA, VAS, and 
NDI (Neck Disability Index) scores following ACDF in 
both osteoporotic and nonosteoporotic patients, also did 
not find any significant associations (P > 0.05).16

META-ANALYSIS RESULTS

Three studies met the inclusion criteria and provided 
appropriate statistical data for use in our meta-analysis. 
One study reported on rates of pseudarthrosis at both 
6 months and 1 year postoperatively in a cohort of 85 
patients,11 while the other 2 studies reported on 6-month 
outcomes in 295 patients13 and 1-year outcomes in 326 
patients.8 While fusion rates at 6-month postoperatively 
did not differ significantly based on osteoporosis status 
(P = 0.708), results at 1 year indicated otherwise with 
lower fusion rates observed among osteoporotic patients 
(68.5% vs 91.3%, P = 0.023) (Table 2).

DISCUSSION

In this systematic review and meta-analysis of the 
literature on operatively treated degenerative cervi-
cal spine pathologies, there was a lack of consensus 
on how osteoporosis affects various outcomes, such 
as cage subsidence, pseudarthrosis, need for revision 
surgery, and various patient-reported outcome measures 
and hospital-related outcomes. Many articles were not 
included in the final meta-analysis due to a lack of com-
parative data pertaining to various complications and 
outcomes. However, we found that fusion rates at 1 year 
after surgery differed significantly between patients 
with low and normal BMD (Table 2). Although 3 of 5 
investigations into pseudarthrosis rates in the systematic 
review report a nonsignificant association with osteopo-
rosis, this finding may be explained by an overall low 
cumulative incidence (0–13.2%). Many studies have 
identified osteoporosis as a risk factor for poor out-
comes following spine surgery due to inferior purchase 
during screw insertion and impaired bone remodeling 
that results in increased rates of hardware failure and 
poor construct healing.26,27 For this reason, the use of 
rigid hardware and augmentation techniques is thought 
to improve outcomes in patients with osteoporosis.16

Our systematic review established osteoporosis as a 
risk factor for cage migration, which has been associ-
ated with reduced cervical alignment, reduced foraminal 
height, adjacent segment disease, and persistent postop-
erative pain.6,7,12,14 Although cage subsidence has been 
readily identified as a complication of anterior cervical 

Table 2.  Results of the meta-analysis comparing outcomes after surgery 
for cervical degenerative disease between osteoporotic and nonosteoporotic 
patients.

Outcome Osteoporosis No osteoporosis P value

Fusion rate at 6 mo 85.0% ± 9.0% 89.4% ± 7.4% 0.708
Fusion rate 1 y 68.5% ± 9.4% 91.3% ± 3.3% 0.023
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spine surgery, there is a lack of agreement within the lit-
erature as to its ability to predict clinical outcomes.28,29 
Specifically, several studies have shown that patients 
both with and without cage subsidence after cervical 
spine surgery do not have significantly different neck 
and arm VAS scores, either in the immediate postopera-
tive period or at final follow-up,7,9,14 indicating that cage 
subsidence may represent an incidental radiographic 
finding rather than clinically relevant criteria used to 
define successful fusion. The literature, however, high-
lights a need for further investigation into the clinical 
impact of cage subsidence.12,30

In addition to the important differences in rates of 
fusion and cage subsidence, we found that osteoporotic 
patients incurred much higher costs for both hospi-
talization and index surgery for cervical degenerative 
disease. Reasons for the increased costs associated with 
osteoporosis may include higher rates of postoperative 
adverse events, longer hospital stays, and greater medi-
cation needs.20,31 Our review indicates a lack of consen-
sus on whether these outcomes occur more frequently 
in osteoporotic patients, but 1 large retrospective data-
base review of nearly 30,000 patients by Veeravagu et al 
identified osteoporosis as a significant predictor of the 
development of any postoperative complication, such as 
wound complications, dysphagia, and venous thrombo-
embolic events, in the 180 days following surgery for 
cervical degenerative pathology.23 Findings regarding 
the relationship between osteoporosis and various post-
operative complications, however, remain varied across 
other studies.

A possible explanation for the heterogeneity of our 
findings may be related to discrepancies in the meth-
odology used to establish a diagnosis for osteoporosis 
between studies. These included traditional DEXA, 
CT-based HUs, and Current Procedural Terminology 
coding for larger database studies. Furthermore, physi-
cians may use various body regions (lumbar spine, cer-
vical spine, and femur) to assess BMD, but emerging 
studies indicate that in any given individual, BMD can 
vary between these anatomic locations.32,33 In a data-
base study of 3,500 patients, Mounach et al demon-
strated that approximately 40% of patients demonstrate 
discordant T-score values between the hip and spine, 
with age and obesity as risk factors.32 Although DEXA 
is the gold standard for BMD measurement, its accu-
racy in diagnosing osteoporosis can also be limited by 
cases of severe vertebral degeneration and obesity, as 
well as the superimposition of other mineralized struc-
tures.34 Current management guidelines recommend 
that physicians obtain patients’ BMD, but this is not a 

routine practice. Fortunately, spine surgeons routinely 
obtain preoperative CT scans, especially prior to spinal 
fusion procedures. For this reason, HU values have 
emerged as an alternative tool for determining bone 
quality, and several studies have shown high rates of 
concordance between HU values and DEXA BMD 
measurements.34–36 In addition to standardizing the 
acquisition of BMD prior to cervical spine procedures, 
it may be helpful to establish a validated tool that takes 
into account the possibility of different values based on 
technique and location.

Our review has several limitations. The majority 
of our studies were retrospective in nature, limiting 
the strength of their conclusions and providing a level 
of evidence inferior to that of prospective studies. In 
addition, many studies investigated risk factors for a 
given primary outcome, rather than comparing the rates 
of different adverse events between separate cohorts 
of osteoporotic and nonosteoporotic patients, which 
often meant that the low number of patients with poor 
bone quality provided insufficient power to draw con-
clusions. A similar concern exists with studies where 
low complication rates were observed. Future studies 
employing a matched case-control or prospective cohort 
design would provide stronger evidence, although ade-
quate power is necessary to drive these study designs. 
Our mixed findings may be related to the high degree 
of heterogeneity across studies, which includes factors 
such as inconsistent availability of BMD data, differ-
ences in outcome assessments, potential differences in 
operative techniques, varying follow-up lengths, and 
different inclusion and exclusion criteria. Specifically, 
most studies did not specify a history of previous cervi-
cal surgery or specify whether patients were medically 
managed. Future investigations should take care to dif-
ferentiate between these populations to prevent addi-
tional confounding.

CONCLUSIONS

The literature supports the notion that osteoporosis 
increases risk of cage subsidence and pseudarthrosis 
after surgical management of cervical degenerative 
disease. Studies reporting on medical and surgical com-
plications, such as wound complications, distal and 
proximal junctional kyphosis, readmission rates, and 
reoperation rates demonstrate varied results, limiting 
the ability to draw conclusions within the existing lit-
erature. Studies that investigate patient-reported out-
comes indicate a lack of association between reduced 
BMD and pain and functionality scores. Overall, our 
review of the literature indicates that preoperative BMD 
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assessment can provide valuable information to guide 
surgical management of patients with disease of the cer-
vical spine. Further research should attempt to prospec-
tively study the relationship between osteoporosis and 
various postoperative measurements of surgical success 
and patient satisfaction in order to further inform ortho-
pedic surgeons of avenues to improve outcomes for this 
vulnerable population.
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