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ACKGROUND CONTEXT: It is a common practice to obtain immediate postoperative radio-

graphs prior to hospital discharge after instrumented spinal fusion. There is limited evidence to sup-

port the clinical benefits of such a practice, which may result in unnecessary radiation exposure and

added healthcare costs.

PURPOSE: To determine differences in 90-day and 1-year reoperation between patients who

underwent instrumented cervical, thoracic, or lumbar fusion and received immediate postoperative

radiographs prior to hospital discharge compared to those who did not.

STUDY DESIGN: Retrospective cohort study.

PATIENT SAMPLE: We identified patients who underwent cervical, thoracic, or lumbar instru-

mented fusion between 2016 and 2023. All patients had at least 1-year follow up.

OUTCOME MEASURES: Primary outcome was all cause revision at 90-days and 1-year. Sec-

ondary outcome consisted of mechanical failure.

METHODS: Patients were dichotomized into those who had immediate postoperative radiographs

prior to hospital discharge versus those that did not. Patient age, biologic sex, body mass index,

race, American Society of Anesthesiologists Classification, spinal region of surgery and number of

surgical levels were recorded. Incidence of all cause or mechanical revision at 90-day and 1-year

were documented for each patient. Inverse probability weighting was used to determine associa-

tions between obtaining predischarge radiographs and subsequent revision surgery while adjusting

for confounders.

RESULTS: We included a total of 1,678 patients. Of these cases, 833 (49.6%) did not have

immediate postoperative X-rays and 845 (50.4%) did. Following inverse probability weight-

ing, there were no significant differences in 90-day all cause revision (Odds ratio (OR) 1.58,

95% CI 0.85−2.95, p=.15) or 1-year all cause revision (OR 1.39, 95% CI 0.91−2.13, p=.13)

between patients who did not have an immediate postoperative X-ray versus those that did.

Similarly, there were no significant differences in rates of 90-day mechanical revision (OR

0.43, 95% CI 0.08−2.49, p=.36) or 1-year mechanical revision (OR 1.37, 95% CI 0.60−3.14,

p=.41)) between the 2 groups.

CONCLUSION: Obtaining routine formal postoperative radiographs prior to hospital dis-

charge following spinal fusion surgery did not result in any clinically meaningful benefit. To

reduce cost and radiation exposure, spine surgeons should consider obtaining formal postoper-

ative radiographs for specific indications only, such as increasing postoperative pain or
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Introduction

Health care expenditures are on the rise in the United

States, and the costs of spine surgery in particular are

exceptionally high [1]. A widely recognized major contrib-

utor to costs is the rising number of spinal fusion proce-

dures across the country [2,3]. Thus, in the setting of spine

surgery, efforts to reduce expenditures must be approached

through careful evaluation of each clinical decision includ-

ing diagnostic tests, procedures, and medical management.

Notably, the inappropriate use of health care resources rep-

resents a sizeable portion of healthcare expenditures, with

one study reporting waste comprising an estimated 25% of

total spending [4].

Imaging studies are a suitable domain for healthcare sav-

ings, as they are often considered low-value services that

may elevate costs, increase radiation exposure, and provide

little clinically meaningful information [5−7]. In the con-

text of spinal fusion surgery for degenerative pathologies,

in addition to intraoperative fluoroscopy, surgeons often

obtain subsequent radiographs prior to discharge [8,9]. In

many instances, the second radiograph can lead to a delay

in discharge with corresponding increased cost, along with

increased patient exposure to radiation [9−11]. In addition,

there are direct costs associated with obtaining the imaging

itself and the radiologist’s interpretation [12]. It should be

emphasized that there is currently no evidence to suggest

that routine use of such radiographs provides meaningful

clinical information or otherwise alters the course of clini-

cal care. To our knowledge, only 1 study has previously

examined the clinical utility of routine imaging in lumbar

fusion patients during the immediate postoperative period

[13]. However, this prior study is outdated due to advance-

ments in surgical technology and procedural interventions,

did not include all types of spinal fusion, and did not effec-

tively assess mechanical failures. Further, that prior investi-

gation did not account for confounding by indication that

may have been associated with the decision to obtain post-

operative imaging. For example, if intraoperative events or

other clinical circumstances influenced a surgeon’s decision

to obtain imaging postoperatively, such realities could be

associated with an elevated risk of downstream events such

as mechanical failure or the need for revision surgery.

In this context, we sought to evaluate differences in 90-

day and 1-year reoperation between patients who under-

went instrumented cervical, thoracic, or lumbar fusion and

underwent immediate postoperative radiographs prior to

hospital discharge compared to those that did not. Our data-

set was developed from a multicenter registry that spans the

modern period of spine surgery and represents the current
state of spinal instrumentation and minimally invasive pro-

cedures. We hypothesized that the use of routine postopera-

tive predischarge X-ray imaging would not result in any

significant clinically meaningful difference in the likeli-

hood of reoperation.
Methods

Patient population

This study was deemed exempt by the IRB prior to com-

mencement. This retrospective cohort study was conducted

using data from a large academic healthcare system repre-

senting surgeries performed at 1 of 4 hospitals (2 tertiary

academic and 2 community facilities). An organizational

database, the Research Patient Data Repository (RPDR),

which has previously been used in health services research

[14,15] was queried to identify patients; manual abstraction

was subsequently done to verify inclusion criteria.

The study cohort included adults (≥18) who underwent

instrumented cervical, thoracic, or lumbar spinal fusion sur-

gery from August 1, 2016-August 1,2023. All patients that

underwent surgery for spinal deformity (eg, >6 levels

fused), infection, trauma, metastatic disease, revision indi-

cations, or tumor were excluded. These patients were

excluded on the basis that such conditions would likely

require further imaging and close surveillance which would

confound the findings of our study. All patients under study

had at least 1-year of postoperative surveillance.

We abstracted the following variables for use as covari-

ates in the study analyses: age at the time of surgery, bio-

logic sex (self-reported; male or female), self-reported race,

body mass index (BMI; kg/m2), American Society of Anes-

thesiologists (ASA) score at time of surgery, region of sur-

gery (cervical, thoracic lumbar), number of fused levels,

whether an immediate predischarge X-ray was obtained,

presence of 90-day and 1-year revision, and cause of revi-

sion, (with a subset classification of mechanical associated

with instrumentation failure, subsidence or interbody case

extrusion). Patients were dichotomized into 2 groups: those

who had immediate postoperative radiographs prior to hos-

pital discharge versus those that did not.
Statistical analysis

Data was summarized using standard descriptive statis-

tics, including means and standard deviations for continu-

ous data and numbers with percentages for categorical

variables. For continuous variables, bivariate comparisons

were performed using independent samples t-tests. Chi-



Table 1

Demographics of patients who had an immediate predischarge X-ray ver-

sus those that did not

Did not have X-ray

N= 833

Had X-ray

N = 845

p-value*

Total

Mean (SD) Mean (SD)

Age (years) 62.3 (11.9) 61.9 (16.9) .59

BMI (kg/m2) 29.8 (6.4) 29.6 (9.8) .59

ASA 2.5 (0.6) 2.5 (0.6) .39

Number of levels fused 1.9 (1.2) 1.9 (1.2) .86

N (%) N (%)

Sex .18

Male 359 (43.1%) 392 (46.4%)

Female 474 (56.9%) 453 (53.6%)

Race .003

Asian 18 (2.2%) 20 (2.4%)

Black 58 (7.0%) 37 (4.4%)

White 698 (83.8%) 755 (89.4%)

Other/Declined 59 (7.1%) 33 (3.9%)

Region <.001
Cervical 281 (33.7%) 352 (41.7%)

Thoracic 40 (4.8%) 61 (7.2%)

Lumbar 512 (61.5%) 432 (51.1%)

* Chi-squared or T-test were used to compare these variables (signif-

icant at p<.05).Bolding indicates statistical significance.ASA, American

Society of Anesthesiologists classification.

Table 2

Rate of revision between patients who had an immediate predischarge x-

ray versus those that did not

Did not have X-ray Had X-ray p-value*

Total N=833 N=845

N (%) N (%)

All cause revision

90-day 18 (2.2%) 26 (3.1%) .24

1-year 41 (4.9%) 55 (6.5%) .16

Mechanical revision

90-day 4 (0.5%) 2 (0.2%) .45

1-year 10 (1.2%) 14 (1.7%) .43

* Chi-squared or Fisher’s exact tests were used to compare these var-

iables (significant at p<.05)

P. Bovonratwet et al. / The Spine Journal 25 (2025) 2605−2611 2607
squared or Fischer’s exact tests were utilized for bivariate

comparisons of categorical variables. Association between

all cause or mechanical revisions and immediate predis-

charge X-rays were assessed using inverse probability

weighting. Inverse probability weighting was chosen in

order to minimize the effects of confounding by indication.

Specifically, based on known practice patterns of the sur-

geons who were included, there were instances in which an

immediate postoperative X-ray was obtained by surgeons

who routinely do not obtain them. Unfortunately, it is not

possible to determine the clinical need for these occurrences

as the rationale was not consistently documented in the

medical chart. Inverse probability weighting is a causal

inference technique that adjusts for the propensity to obtain

immediate postoperative imaging in this analysis and

accounts for the potential for selection or indication bias in

the decision for such imaging. Weighting was conducted

using a propensity score developed via logistic regression

utilizing all patient demographic and surgical variables

with the performance of immediate postoperative radio-

graphic imaging as the outcome of interest. The use of

inverse weighting allowed conservation of the full study

cohort, as opposed to techniques such as matching that

would have required cohort truncation and a resultant loss

of statistical power and clinical variation [16]. All statistical

analyses were performed using Stata version 14 (StataCorp,

LP, College Station, TX).

Results

Patient population

A total of 1,678 patients who underwent cervical, tho-

racic, or lumbar instrumented fusion were identified for

inclusion. Of these cases, 833 (49.6%) did not have an

immediate postoperative X-ray and 845 (50.4%) did

(Table 1). There were no significant differences in age, sex,

BMI, ASA, or number of levels fused between the 2 groups

(p>.05).

Rate of revisions

There were no significant differences in 90-day all cause

revision (2.2% vs 3.1%, p=.24) or 1-year all cause revision

(4.9% vs 6.5%, p=.16) between patients who did not have

an immediate postoperative X-ray and those who did

(Table 2). Similarly, there were no significant differences in

rates of 90-day mechanical revision (0.5% vs 0.2%, p=.45)

or 1-year mechanical revision (1.2% vs 1.7%, p=.43)

between the 2 groups. Of note, of the patients that were

taken back to the operating room within 90-days for all

cause revision, 7 out of 44 (15.9%) occurred during the

patient’s index hospital admission. Of the patients that were

taken back to the operating room within 90-days for

mechanical revision, 1 out of 6 (16.7%) occurred during the

patient’s index hospital admission. In this 1 patient, an

immediate postoperative X-ray was not obtained. The
patient had new onset leg weakness thought to be from a

new disc/osteophyte seen on postoperative MRI postulated

to be due to aggressive compression of the construct during

the index surgery.

Following inverse probability weighting, there were no

significant differences in 90-day all cause revision

(OR1.58, 95% CI 0.85−2.95, p=.15) or 1-year all cause

revision (OR1.39, 95% CI 0.91−2.13, p=.13) between

patients who did not have an immediate postoperative

X-ray versus those that did (Table 3). Similarly, there were

no significant differences in rates of 90-day mechanical

revision (OR0.43, 95% CI 0.08−2.49, p=.36) or 1-year

mechanical revision (OR 1.37, 95% CI 0.60−3.14, p=.41)
between the 2 groups.



Table 3

Treatment effects on rates of revision between patients who had an immediate predischarge X-ray versus those that did not

Did not have X-ray Had X-ray

Total N=833 N=845 OR 95% CI p-value*

N (%) N (%)

All cause revision

90-day 18 (2.2%) 26 (3.1%) 1.58 0.85−2.95 .15

1-year 41 (4.9%) 55 (6.5%) 1.39 0.91−2.13 .13

Mechanical revision

90-day 4 (0.5%) 2 (0.2%) 0.43 0.08−2.49 .36

1-year 10 (1.2%) 14 (1.7%) 1.37 0.60−3.14 .41

* Inverse probability weighting (IPW) was used for estimation of treatment effects.CI, confidence interval (95%); OR, odds ratio.
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Discussion

A nationwide increase in healthcare expenditures, partic-

ularly in spine surgery, has resulted in concerted efforts to

reduce costs and improve the efficiency of care [1−4,17].
One area of potential savings is imaging, as many clinicians

often order radiographic studies without clear clinical bene-

fit [6]. This practice is perhaps fueled by a lack of evidence

to the contrary, the perception of need for medical-legal

protections, and the desire to compare postoperative images

of the same modality over time if fluoroscopy is used intra-

operatively. We performed a robust causal inference analy-

sis that accounted for confounding by indication in the

association with surgeons’ decisions to obtain postoperative

imaging. Our sample was large, with relative balance

between the cohorts receiving imaging and those who did

not. In light of these characteristics and our analytic

approach, we believe that this study could be viewed as

modeling the characteristics of a randomized controlled

trial on the subject. Ultimately, we found no significant dif-

ference between all cause or mechanical revision events

within 1 year between patients who underwent spinal fusion

and received an immediate predischarge X-ray versus those

that did not.

Postoperative radiographs are associated with increased

exposure to radiation, prolonged hospital stays, and

increased costs [18−21]. Numerous studies have considered

the use of routine postoperative radiographs following elec-

tive spine surgery. None of these prior investigations have

maintained that routine postoperative radiographs are clini-

cally useful [18−21]. Our study is advantaged over most

others in that it is reflective of current spine surgical prac-

tice and considered all types of fusion-based procedures as

opposed to a particular region (ie, solely lumbar) or fusion

construct (ie, lumbar interbody procedures). Furthermore,

ours is among the first to apply robust analytic techniques

that are able to account for confounding by indication in the

decision to obtain postoperative imaging. In the current pro-

cedural environment, surgeons are relying on intraoperative

imaging and adjunctive technologies that increase radiation

exposure to the patient. These have been shown to increase

procedural radiation exposure and the associated risk of
cancer, with consequent calls for appropriate “radiation

budgeting [22].” One of the most effective ways to budget

radiation exposure is to eliminate unnecessary postopera-

tive imaging studies. The fact that such changes in practice

are unlikely to impact postsurgical outcomes is clearly sub-

stantiated in the work we have done here.

In addition, in light of bundled payment models and

other types of “risk-based reimbursement,” healthcare facil-

ities and physicians are looking to collaborate to provide

more efficient, cost-effective care. Reducing the number of

imaging studies would decrease the overall cost for both

the healthcare facility and payers [23,24]. Moreover, with-

out immediate postoperative radiographs, patients would be

exposed to lower levels of radiation, and experience fewer

delays in discharge due to pending imaging orders. In miti-

gating delays in discharge, patients may be less susceptible

to surgical site infections and other risks associated with

longer hospital stays [25]. Further, this would increase bed

availability and decrease costs associated with the overall

hospital or ambulatory encounter [11,23,26].

Routine postoperative radiographs have been studied in

the context of other common orthopedic procedures, such

as distal radius fractures, lower extremity fractures, and

total knee arthroplasty. In all of these scenarios they have

been found to offer limited little clinical utility at the

expense of increased radiation exposure and episode of care

costs [27−30]. For example, in patients undergoing fixation

of ankle fractures, none of the patients without postopera-

tive radiographs had a complication that could have been

detected by immediate postoperative imaging [28,31]. The

issue at hand is one of pretest probability. When the likeli-

hood of an adverse event is small (in the case of revision

surgery on the whole <7% in this study) the value provided

by routine imaging of all patients is concomitantly low.

Moreover, across an array of orthopedic procedures, it has

been previously shown that intraoperative imaging studies

are of better quality than immediate postoperative radio-

graphs [9,28,29]. Importantly, Carter et al [31] reported that

intraoperative images scored higher in quality, focus, cen-

tering and rotation. Taken as a whole, this body of evidence

provides little rationale for performing immediate postoper-

ative radiographs.
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Our work adds to the growing body of literature in sup-

port of eliminating routine immediate postoperative radio-

graphs in patients undergoing spinal instrumentation. We

believe a more thoughtful approach would be to reserve

such imaging orders for those patients with clinical events,

symptoms, or presentation that warrant further surveillance

[32,33]. For example, McCabe et al and Martin et al have

previously reported that following anterior cervical discec-

tomy and fusion, clinical deterioration was the best indica-

tor for repeat operative intervention, as opposed to

radiographic results [11,26].

While we believe the findings of our study are clinically

relevant, we acknowledge certain limitations. The study

design is retrospective in nature, and is subject to documen-

tation inaccuracies, and limited understanding of the rea-

sons for clinical decision making. The latter issue is

addressed to the fullest extent possible via our use of causal

inference analytic techniques. We are also unable to speak

to any Bayesian effect regarding the decision for immediate

postoperative radiographs, although this is also accounted

for in our analytic approach. While insignificant, those that

had immediate postoperative X-rays exhibited a higher like-

lihood of all cause revision and mechanical revision in

unadjusted analyses. This is not surprising, given confound-

ing by indication on the part of a surgeon’s decision to

obtain postoperative radiographs would be included in these

findings. We believe that our robust statistical approach

mitigates these concerns as highlighted above. Furthermore,

this study was conducted within one integrated health sys-

tem and may be subject to restricted clinical variation and

clustering bias. At the same time, we believe our sample is

representative of broader trends in treatment decisions as

lumbar fusions are performed most frequently, followed by

cervical and thoracic fusions. We wish to emphasize that

while our integrated hospital system does have overlap of

faculty, the clinical decision making of our physicians is

similar to that of other large academic healthcare systems.

While our work does not analyze the quality of imaging

performed in the operating room versus postoperatively, the

notion that intraoperative films are comparable if not supe-

rior has been substantiated in other investigations. In addi-

tion, based on known practice patterns of the surgeons who

were included, there were instances in which an immediate

postoperative X-ray was obtained by surgeons who rou-

tinely do not obtain them. Unfortunately, it is not possible

to determine the clinical need for these instances as the

rationale was not consistently documented in the medical

chart. In order to address the effects of this confounding by

indication, inverse probability weighting was utilized in the

analysis. Finally, there was a disproportionate number of

Caucasian individuals in this study, and these individuals

received more immediate postoperative X-rays than other

racial and ethnic groups. We attribute this difference to the

patient populations seen by surgeons across our healthcare

system. Surgeons that routinely do not obtain immediate

postoperative radiographs may see more diverse patient
populations than those that do. We believe that the consid-

erable number of surgeons accounted for in this study, as

well as the inclusion of both neurosurgeons and orthopedic

surgeons with diverse training experiences fundamentally

address these concerns. For this reason, we believe that our

findings have translational capacity to other institutions

with similar patient populations and resources as our own.

In conclusion, we maintain that immediate postoperative

radiographs prior to hospital discharge offer little clinical

benefit after spinal fusion surgery. Therefore, we recom-

mend that surgeons obtain formal postoperative radiographs

only in specific circumstances, such as increasing postoper-

ative pain or new neurologic deficits. In this way, radiation

exposure can be reduced for patients, as well as overall

costs to the healthcare system. In the United States, approx-

imately 1.6 million spinal fusions are performed annually

[34]. At a cost of approximately $250 per X-ray imaging

study [35], the estimated cost savings from the elimination

of routine immediate postoperative imaging would poten-

tially amount to approximately $400 million per year.
Declaration of competing interest

The authors declare that they have no known competing

financial interests or personal relationships that could have

appeared to influence the work reported in this paper.
CRediT authorship contribution statement

Patawut Bovonratwet: Writing − review & editing,

Writing − original draft, Visualization, Validation, Soft-

ware, Resources, Project administration, Methodology,

Investigation, Formal analysis, Data curation, Conceptuali-

zation. Kaitlyn E. Holly: Writing − original draft, Visuali-

zation, Validation, Supervision, Software, Resources,

Project administration, Investigation, Data curation, Con-

ceptualization. Joshua M. Coan: Writing − original draft,

Visualization, Resources, Project administration, Investiga-

tion, Data curation. Malina O. Hatton: Writing − original

draft, Validation, Resources, Investigation, Data curation.

Jonathan Hintz: Writing − original draft, Validation,

Resources, Investigation, Data curation. Joseph Mack-

sood: Writing − original draft, Validation, Resources,

Investigation, Data curation. Zenaida Enchill: Writing −
review & editing, Writing − original draft, Validation,

Resources, Investigation, Data curation. Daniel G. Tobert:

Writing − review & editing, Visualization, Validation,

Supervision, Resources, Investigation, Data curation. Stu-

art H. Hershman:Writing − review & editing, Validation,

Supervision, Software, Resources, Investigation, Data cura-

tion. James D. Kang:Writing − review & editing, Visuali-

zation, Validation, Investigation, Data curation. Andrew J.

Schoenfeld: Writing − review & editing, Writing − origi-

nal draft, Visualization, Validation, Supervision, Software,

Resources, Project administration, Methodology, Investiga-

tion, Formal analysis, Data curation, Conceptualization.



2610 P. Bovonratwet et al. / The Spine Journal 25 (2025) 2605−2611
Acknowledgment

No funding was received in support of this investigation.
References

[1] Patel SA, McDonald CL, Li NY, Babu JM, Daniels AH, Rihn JA.

Understanding health economics in spine surgery. JBJS Rev 2021;9.

https://doi.org/10.2106/JBJS.RVW.20.00124.

[2] Martin BI, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke DS.

Trends in lumbar fusion procedure rates and associated hospital costs for

degenerative spinal diseases in the United States, 2004 to 2015. Spine

2019;44:369–76. https://doi.org/10.1097/BRS.0000000000002822.

[3] Bernstein DN, Jain A, Brodell D, Li Y, Rubery PT, Mesfin A. Impact

of the economic downturn on elective cervical spine surgery in the

United States: a National trend analysis, 2003−2013. World Neuro-

surg 2016;96:538–44. https://doi.org/10.1016/j.wneu.2016.09.058.

[4] Shrank WH, Rogstad TL, Parekh N. Waste in the US Health Care

system: estimated costs and potential for savings. JAMA

2019;322:1501. https://doi.org/10.1001/jama.2019.13978.

[5] Koehlmoos TP, Madsen CK, Banaag A, Haider AH, Schoenfeld AJ,

Weissman JS. Assessing low-value health care services in the mili-

tary health system. Health Aff (Millwood) 2019;38:1351–7. https://

doi.org/10.1377/hlthaff.2019.00252.

[6] Kjelle E, Andersen ER, Krokeide AM, Soril LJJ, Van Bodegom-Vos

L, Clement FM, et al. Characterizing and quantifying low-value diag-

nostic imaging internationally: a scoping review. BMC Med Imaging

2022;22:73. https://doi.org/10.1186/s12880-022-00798-2.

[7] Dietrich EJ, Leroux T, Santiago CF, Helgeson MD, Richard P,

Koehlmoos TP. Assessing practice pattern differences in the treat-

ment of acute low back pain in the United States military health sys-

tem. BMC Health Serv Res 2018;18:720. https://doi.org/10.1186/

s12913-018-3525-8.

[8] Bohl DD, Hustedt JW, Blizzard DJ, Badrinath R, Grauer JN. Routine

imaging for anterior cervical decompression and fusion procedures: a

survey study establishing current practice patterns. Orthopedics

2012;35. https://doi.org/10.3928/01477447-20120621-24.

[9] Molinari RW, Hunter JG, McAssey RW. In-hospital postoperative

radiographs for instrumented single-level degenerative spinal fusions:

utility after intraoperative fluoroscopy. Spine J 2012;12:559–67.

https://doi.org/10.1016/j.spinee.2012.06.005.

[10] Simpson AK, Whang PG, Jonisch A, Haims A, Grauer JN. The radia-

tion exposure associated with cervical and lumbar spine radiographs.

J Spinal Disorders Techniques 2008;21:409–12. https://doi.org/

10.1097/BSD.0b013e3181568656.

[11] Martin SC, Dabbous BO, Ridgeon EE, Magdum SA, Cadoux-Hudson

TAD, Pereira EAC. Routine radiographs one day after anterior cervical

discectomy and fusion are neither necessary nor cost-effective. Br J Neu-

rosurg 2017;31:50–3. https://doi.org/10.1080/02688697.2016.1233320.

[12] Lin RT, Dalton JF, Como CJ, Chang AY, Tang MY, Oyekan AA,

et al. Formal radiologist interpretations of intraoperative spine radio-

graphs have low clinical value. Spine 2024;49:933–40. https://doi.

org/10.1097/BRS.0000000000004973.

[13] Ronald AA, Herring EZ, Gerges C, Shost M, Jella T, Sajatovic M,

et al. Immediate postoperative imaging following elective lumbar

fusion provides little clinical utility. Spine 2021;46:958–64. https://

doi.org/10.1097/BRS.0000000000003953.

[14] Crawford AM, Striano BM, Gong J, Koehlmoos TP, Simpson AK,

Schoenfeld AJ. Validation of the stopping opioids after surgery

(SOS) score for the sustained use of prescription opioids following

orthopaedic surgery. J Bone Joint Surg Am 2023;105:1403–9. https://

doi.org/10.2106/JBJS.23.00061.

[15] Crawford AM, Xiong GX, Lightsey HM, Goh BC, Smith JT, Hersh-

man SH, et al. Insurance type is associated with baseline patient-
reported outcome measures in patients with lumbar stenosis. Spine

2022;47:737–44. https://doi.org/10.1097/BRS.0000000000004326.

[16] Crawford AM, Striano BM, Xiong GX, Dalton J, Oris RJ, Schoenfeld

AJ, et al. Statistics for spine care practitioners and Clinician-Scien-

tists: a practical guide to study design, analysis and interpretation.

Spine (Phila Pa 1976) 2025. https://doi.org/10.1097/

BRS.0000000000005332.

[17] Schoenfeld AJ, Harris MB, Liu H, Birkmeyer JD. Variations in Medi-

care payments for episodes of spine surgery. Spine J 2014;14:2793–8.

https://doi.org/10.1016/j.spinee.2014.07.002.

[18] Shost MD, Jella TK, Ronald AA, Herring EZ, Sajatovic M, Smith

GA. Clinical utility of routine postoperative imaging in spinal fusion

surgery: a systematic review. World Neurosurg 2022;167:222–228.

e1. https://doi.org/10.1016/j.wneu.2022.07.091.

[19] Grimm BD, Leas DP, Glaser JA. The utility of routine postoperative

radiographs after cervical spine fusion. Spine J 2013;13:764–9.

https://doi.org/10.1016/j.spinee.2013.01.018.

[20] Yamashita T, Steinmetz MP, Lieberman IH, Modic MT, Mroz TE.

The utility of repeated postoperative radiographs after lumbar instru-

mented fusion for degenerative lumbar spine. Spine 2011;36:1955–

60. https://doi.org/10.1097/BRS.0b013e31820125b5.

[21] Simpson AK, Osler P, Wood KB. Utility of postoperative radiographs

after anterior lumbar interbody fusion with or without posterior

instrumentation. Spine 2013;38:2038–42. https://doi.org/10.1097/

BRS.0b013e3182a81f67.

[22] Crawford AM, Striano BM, Giberson-Chen CC, Xiong GX, Lightsey

HM, Schoenfeld AJ, et al. Projected lifetime cancer risk associated

with intraoperative computed tomography for lumbar spine surgery.

Spine (Phila Pa 1976) 2023;48:893–900. https://doi.org/10.1097/

BRS.0000000000004685.

[23] Chotai S, Sivaganesan A, Parker SL, Sielatycki JA, McGirt MJ,

Devin CJ. Drivers of variability in 90-day cost for elective anterior

cervical discectomy and fusion for cervical degenerative disease.

Neurosurgery 2018;83:898–904. https://doi.org/10.1093/neuros/

nyy140.

[24] Hines K, Mouchtouris N, Getz C, Gonzalez G, Montenegro T, Lei-

bold A, et al. Bundled payment models in spine surgery. Global Spine

J 2021;11:7S–13S. https://doi.org/10.1177/2192568220974977.

[25] Zhang L, Li E-N. Risk factors for surgical site infection following

lumbar spinal surgery: a meta-analysis. TCRM 2018;14:2161–9.

https://doi.org/10.2147/TCRM.S181477.

[26] McCabe RM, Grainger M, Davis J. Routine In-hospital radiographs

following anterior cervical discectomy and fusion surgery: neither

necessary nor cost-effective? Cureus 2021. https://doi.org/10.7759/

cureus.19975.

[27] Phelps K, Coleman M, Seymour R, Bosse M. Utility of routine post-

operative radiographs after fixation of lower extremity fractures. J

Am Acad Orthop Surg 2018;26:799–808. https://doi.org/10.5435/

JAAOS-D-17-00114.

[28] Miniaci-Coxhead SL, Martin EA, Ketz JP. Quality and utility of immedi-

ate formal postoperative radiographs in ankle fractures. Foot Ankle Int.

2015;36:1196–201. https://doi.org/10.1177/1071100715585591.

[29] Oehme F, R€uhle A, M€uhlh€ausser J, Fourie L, Link B-C, Babst R, et al.

Are routine radiographs needed the day after open reduction and internal

fixation surgery for distal radius and ankle fractures: study protocol for a

prospective, open label, randomized controlled trial. JMIR Res Protoc

2017;6:e159. https://doi.org/10.2196/resprot.7698.

[30] Birir A, Amen TB, Varady NH, Chen AF. Clinical efficacy and cost-

effectiveness of postoperative radiographs after total knee arthroplasty.

The Knee 2021;32:97–102. https://doi.org/10.1016/j.knee.2021.08.002.

[31] Carter S, Khatri M, Ali S. The value of routine postoperative radio-

graphs after elective lumbar spinal fusion surgery. Global Spine J

2015;5 s-0035-1554576-s-0035-1554576. https://doi.org/10.1055/s-

0035-1554576.

[32] Chen DQ, Shimer AL, Li X, Hassanzadeh H, Shen FH, Singla A.

Unplanned immediate return to operating room after spine surgery:

https://doi.org/10.2106/JBJS.RVW.20.00124
https://doi.org/10.1097/BRS.0000000000002822
https://doi.org/10.1016/j.wneu.2016.09.058
https://doi.org/10.1001/jama.2019.13978
https://doi.org/10.1377/hlthaff.2019.00252
https://doi.org/10.1377/hlthaff.2019.00252
https://doi.org/10.1186/s12880-022-00798-2
https://doi.org/10.1186/s12913-018-3525-8
https://doi.org/10.1186/s12913-018-3525-8
https://doi.org/10.3928/01477447-20120621-24
https://doi.org/10.1016/j.spinee.2012.06.005
https://doi.org/10.1097/BSD.0b013e3181568656
https://doi.org/10.1097/BSD.0b013e3181568656
https://doi.org/10.1080/02688697.2016.1233320
https://doi.org/10.1097/BRS.0000000000004973
https://doi.org/10.1097/BRS.0000000000004973
https://doi.org/10.1097/BRS.0000000000003953
https://doi.org/10.1097/BRS.0000000000003953
https://doi.org/10.2106/JBJS.23.00061
https://doi.org/10.2106/JBJS.23.00061
https://doi.org/10.1097/BRS.0000000000004326
https://doi.org/10.1097/BRS.0000000000005332
https://doi.org/10.1097/BRS.0000000000005332
https://doi.org/10.1016/j.spinee.2014.07.002
https://doi.org/10.1016/j.wneu.2022.07.091
https://doi.org/10.1016/j.spinee.2013.01.018
https://doi.org/10.1097/BRS.0b013e31820125b5
https://doi.org/10.1097/BRS.0b013e3182a81f67
https://doi.org/10.1097/BRS.0b013e3182a81f67
https://doi.org/10.1097/BRS.0000000000004685
https://doi.org/10.1097/BRS.0000000000004685
https://doi.org/10.1093/neuros/nyy140
https://doi.org/10.1093/neuros/nyy140
https://doi.org/10.1177/2192568220974977
https://doi.org/10.2147/TCRM.S181477
https://doi.org/10.7759/cureus.19975
https://doi.org/10.7759/cureus.19975
https://doi.org/10.5435/JAAOS-D-17-00114
https://doi.org/10.5435/JAAOS-D-17-00114
https://doi.org/10.1177/1071100715585591
https://doi.org/10.2196/resprot.7698
https://doi.org/10.1016/j.knee.2021.08.002
https://doi.org/10.1055/s-0035-1554576
https://doi.org/10.1055/s-0035-1554576


P. Bovonratwet et al. / The Spine Journal 25 (2025) 2605−2611 2611
significance of immediate postoperative radiographs. Spine

2019;44:258–62. https://doi.org/10.1097/BRS.0000000000002797.

[33] Shau DN, Bible JE, Samade R, Gadomski SP, Mushtaq B, Wallace A,

et al. Utility of postoperative radiographs for cervical spine fusion: a

comprehensive evaluation of operative technique, surgical indication,

and duration since surgery. Spine 2012;37:1994–2000. https://doi.

org/10.1097/BRS.0b013e31825c0130.
[34] Mueller KB, Hou Y, Beach K, Griffin LP. Development and validation

of a point-of-care clinical risk score to predict surgical site infection fol-

lowing open spinal fusion. N Am Spine Soc J 2023;13:100196.

[35] Lemmers GPG, van Lankveld W, Westert GP, van der Wees PJ, Staal

JB. Imaging versus no imaging for low back pain: a systematic

review, measuring costs, healthcare utilization and absence from

work. Eur Spine J 2019;28(5):937–50.

https://doi.org/10.1097/BRS.0000000000002797
https://doi.org/10.1097/BRS.0b013e31825c0130
https://doi.org/10.1097/BRS.0b013e31825c0130
http://refhub.elsevier.com/S1529-9430(25)00304-3/sbref0034
http://refhub.elsevier.com/S1529-9430(25)00304-3/sbref0034
http://refhub.elsevier.com/S1529-9430(25)00304-3/sbref0034
http://refhub.elsevier.com/S1529-9430(25)00304-3/sbref0035
http://refhub.elsevier.com/S1529-9430(25)00304-3/sbref0035
http://refhub.elsevier.com/S1529-9430(25)00304-3/sbref0035
http://refhub.elsevier.com/S1529-9430(25)00304-3/sbref0035

	Clinical utility of immediate postoperative radiographs in spinal fusion surgery
	Introduction
	Methods
	Patient population
	Statistical analysis

	Results
	Patient population
	Rate of revisions

	Discussion
	Declaration of competing interest
	CRediT authorship contribution statement

	Acknowledgment
	References


