
The impact of superior segment facet-joint violation during instrumented 
lumbar fusion surgery 

Jay M. Levin, BA1,2; Vincent J. Alentado, BS1,2; Andrew T. Healy, MD1; Michael P. 

Steinmetz, MD1; Edward C. Benzel, MD1; Thomas E. Mroz, MD1* 

1 Cleveland Clinic Center for Spine Health, Cleveland Clinic, Cleveland, Ohio, USA 
2 Case Western Reserve University School of Medicine, Cleveland, Ohio, USA 

Department of Neurological Surgery, Cleveland Clinic, Cleveland, Ohio, USA 

* Corresponding Author:
Thomas E. Mroz, MD 
Center for Spine Health 
Departments of Orthopaedic and Neurological Surgery 
The Cleveland Clinic  
9500 Euclid Avenue, S-40 
Cleveland, Ohio 44195 
Tel: 216-445-9232 
Fax: 216-363-2040 
Email: mrozt@ccf.org 

*No grants, technical or corporate support were received in conducting this study or

writing this manuscript. 

___________________________________________________________________

This is the author's manuscript of the article published in final edited form as:
Levin, J. M., Alentado, V. J., Healy, A. T., Steinmetz, M. P., Benzel, E. C., & Mroz, T. E. (2017). Superior Segment Facet Joint Violation During 
Instrumented Lumbar Fusion is Associated With Higher Reoperation Rates and Diminished Improvement in Quality of Life. Clinical Spine 
Surgery. http://dx.doi.org/10.1097/BSD.0000000000000566

mailto:mrozt@ccf.org
http://dx.doi.org/10.1097/BSD.0000000000000566


Study Design: 

A retrospective cohort study of patients receiving lumbar fusion at a single tertiary care 

center. 

Objectives: 

To determine the impact of superior segment facet-joint violation (FJV) during lumbar 

fusion surgery on reoperation rates and quality of life (QOL). 

Methods: 

Patients who underwent lumbar fusion surgery between 2009 and 2013 with 

postoperative computed tomography (CT) imaging were included. Patients were placed 

in the FJV group if either of the superior segment facet-joints were compromised by the 

pedicle screw or rod, while patients with preserved facet-joints were placed in the control 

group. Demographic, perioperative, and 1-year QOL data were collected for both the 

FJV and control groups.  

Results: 

Of the 241 patients included in the study, 112 patients were found to have FJV and 

the remaining 129 patients were placed in the control group. One year following 

lumbar fusion, reoperation rates were similar between the FJV and control groups 

(p=0.53). At two-year follow-up, the reoperation rate in the FJV group was 

statistically significantly higher than in the control group (17.0% and 7.8%, 

respectively; p=0.02). Using a multivariate logistic regression analysis, FJV was 

observed to be the only independent predictor of reoperation 2 years 

postoperatively (p=0.03). Odds of reoperation within 2 years of operation was 2.4 

times more likely for those patients with FJV. No significant difference was observed 

between the two groups in regards to 1-year postoperative Pain Disability 

Questionnaire (PDQ), Quality Adjusted Life Year (QALY), or Patient Health 

Questionnaire-9 (PHQ-9) scores (p=0.97, p=0.24, and p=0.79, respectively). 

Conclusion: 

This study is the first quantification of the impact of facet-joint violation on reoperation 

and quality of life. We found that FJV does not lead to any change in reoperation rate or 

quality of life scores 1 year after lumbar surgery. However, FJV was found to be an 

independent predictor for reoperation 2 years postoperatively (Odds Ratio = 2.4). 



Introduction: 
 
Lumbar fusion surgery is a common treatment for numerous lumbar spinal 

pathologies, increasing in annual incidence by 2.7 fold between 1998 and 2008.1 

Lumbar spinal fusion has been shown to improve neurogenic pain and quality of life 

(QOL). However, over time lumbar fusions may result in biomechanical alterations 

on unfused adjacent motion segments, leading to increased pain and worsening 

outcomes.2,3 Among the numerous potential complications associated with lumbar 

fusion, radiographic adjacent segment degeneration (ASD) has incidence rates 

reported to range from 8% to as high as 100%, with symptomatic disease in 5.2% to 

18.5% of cases.4,5,6 Although it remains unclear whether this complication arises as 

a fusion sequelae or natural degeneration, elucidating risk factors for ASD remains a 

priority in the spine community.7  

One area of interest has been the increasing evidence to support that violation of the 

facet-joint upon pedicle screw insertion can alter facet load-bearing capability and 

contribute to ASD.8,9,10,22 Facet-joint violation (FJV) is a potential risk factor for ASD 

that can be controlled by the surgeon, unlike patient-associated risk factors 

(including age9,10,18, female gender9,18, bone mineral density9,18), and therefore can 

be avoided to theoretically minimize the incidence of ASD and symptomatic adjacent 

segment disease.8,11,12  

To date, there is inconclusive data to clarify the extent to which facet-joint violation 

truly accelerates radiographic adjacent segment degeneration, if at all.7 In the 

current study, we seek to illuminate the impact of superior segment facet-joint 

violation on reoperation rate and quality of life. We hypothesized that facet-joint 

violation during lumbar fusion surgery would lead to greater reoperation rates and 

lower quality of life scores compared to patients with preserved facet-joints. 

 

Materials and Methods: 

 

Patient Selection 



 

A retrospective review was performed on all patients who underwent lumbar fusion 

involving any level between 2009 and 2013. Postoperative CT scans were used to 

evaluate facet-joint integrity following lumbar fusion; therefore, only patients with 

postoperative CT imaging were included within the study. Exclusion criteria 

included previous lumbar fusion, malignancy, and trauma.  Per criteria established 

by Moshirfar et al12, a facet-joint was considered violated if any of the following 

conditions were met: pedicle screw clearly within the facet-joint, pedicle screw 

within 1mm or abutting the facet-joint, pedicle screw head/connector clearly in the 

facet joint, pedicle screw head/connector within 1 mm or abutting the facet joint, 

rod clearly in the facet-joint, or rod within 1 mm or abutting the facet joint. 

Reoperation was defined as any type of lumbar spine revision surgery, excluding 

those for postoperative infection, malignancy, or trauma.  

 

Quality of Life Data 

 

Pre- and post-operative QOL scores including the Pain Disability Questionnaire 

(PDQ), Patient Health Questionnaire-9 (PHQ-9), and Quality Adjusted Life Year 

(QALY) were acquired. These data were prospectively collected using our 

institution’s Knowledge Program, which captures patient-reported, disease-specific 

health status measures prospectively. For all measures except the QALY, a decrease 

in score represents improvement. Quality of life data were acquired for both groups 

preoperatively and at 12 months after the fusion operation. The minimum clinically 

important difference (MCID) used for each questionnaire 1-year postoperatively 

was as follows: PDQ (26), PHQ-9 (5), and QALYs (0.4).15,16 

 

Statistical Analyses 

 

All data were securely collected and managed using REDCap (Research Electronic 

Data Capture, Cleveland, OH, USA)17 and analyzed with JMP 11.1.1 (2013; SAS 

Institute Inc, Cary, NC, USA). The facet-joint violation and control groups were 



compared with the use of independent sample t tests for continuous variables, and 

the Fisher’s exact test for categorical variables. A multivariate logistic regression 

analysis was used to evaluate independent predictors QOL and reoperation rate 

outcomes. All p values ≤0.05 were considered statistically significant. 

 
Results: 
 

A total of 241 patients were identified between 2008 and 2013 that met inclusion 

and exclusion criteria. Of these, 112 patients were found to have FJV and were 

therefore included in the FJV group, and the remaining 129 patients were placed in 

the control group. The incidence of patients with superior segment facet-joint 

violation in our study (112/241, 46.5%) is within the ranges seen in previously 

published studies.11,12,20,21 The FJV group had a statistically significant difference in 

the number of female patients. Other than gender, there were no significant 

differences between the two groups in regards to preoperative demographics, 

number of levels fused, operative indications, or QOL scores. (Table 1, Table 2, Table 

3) 

 

One year following lumbar fusion, reoperation rates were similar in the FJV and 

control groups (5/112, 4.5% and 5/129, 3.9%, respectively; p=0.53). At two-year 

follow-up, the reoperation rate in the FJV group was statistically significantly higher 

than in the control group (19/112, 17.0% and 10/129, 7.8%, respectively; p=0.02) 

(Table 4). Using a multivariate logistic regression analysis, FJV was observed to be 

the only independent predictor of reoperation (p=0.03); odds of reoperation was 

2.4 times more likely for those with FJV compared to those with preserved facet-

joints at 2 year follow-up. (Table 5) 

 

One year following lumbar fusion, PDQ scores showed statistically significant 

improvements from baseline for both the FJV (-23.7 ± 37.7, p<0.01) and control (-

20.0 ± 24.3, p<0.01) groups. QALY scores also showed statistically significant 

improvement from baseline in both the FJV (0.14 ± 0.21, p<0.01) and the control 



(0.18 ±0.24, <0.01) groups. Additionally, PHQ-9 scores showed statistically 

significant improvement from baseline in both the FJV (-4.1 ± 7.0, p<0.01) and 

control (-2.6 ± 5.9, p<0.01) groups. No significant difference was observed between 

the two groups in regards to 1-year postoperative PDQ, QALY, or PHQ-9 scores 

(p=0.97, p=0.24, p=0.79, respectively). (Table 6) 

 
 
Discussion: 

Facet joint violation occurs during instrumented lumbar fusion  when pedicle 

screws are placed too medial, and becomes problematic when this is done at the 

superior, unfused level.   Such surgical error has been increasingly recognized as a 

contributor to post-fusion instability and subsequent adjacent segment 

degeneration. In 2008, Cardoso et al22 demonstrated this consequence in a human 

cadaveric study where a significant increase in range of motion was observed in 

adjacent segments following bilateral facet breach. While the clinical implications of 

FJV have been less well understood, our results support our hypothesis that facet-

joint violation during pedicle screw fixation leads to a higher rate of reoperation.   

The clinical syndrome is poorly described in the literature, however, in our group 

such patients often presented with unremitting mechanical focal and correlative 

back pain that is worse with extension, or prolonged axial loading (i.e. standing, 

walking).   Although no significant impact on reoperation or quality of life was 

demonstrated at one-year follow-up, reoperation rates in the FJV group were shown 

to be significantly higher at 2-year follow-up. This is consistent with the belief that 

radiographic and symptomatic ASD develop over the course of multiple years, 

perhaps accelerated by such iatrogenic facet joint violation.  In a retrospective study 

of 65 patients, Aota et al9 found that it took, on average, 25 months from the time of 

transpedicular fixation to diagnose radiographic instability. Furthermore, in a 

retrospective study of 125 patients, Etebar and Cahill18 observed an average of 26.8 

months until symptomatic adjacent segment disease was diagnosed. Since facet-

joint violation is theorized to increase adjacent segment instability and ASD, one 



would not expect to see a significant impact on reoperation or quality of life metrics 

1 year postoperatively.  

 

At two-year follow-up, the reoperation rate becomes substantially higher in the FJV  

group, climbing to 17.0% in this group compared to 7.8% reoperation rate in the 

control group (p=0.02). Using a multivariate logistic regression analysis to discover 

predictors of reoperation amongst our patient population, facet-joint violation 

prevailed as the only independent risk factor associated with reoperation. The only 

statistically significant difference in patient demographics between the two cohorts 

was gender (60% female in FJV, 48% female in control, p=0.05). ASD has been 

suggested to develop more commonly and rapidly in women than in men, which 

could have theoretically contributed to the higher reoperation rate in the FJV 

group.8,9,20 However, we did not find female gender to be an independent predictor 

of reoperation based on the logistic regression model, thereby making this finding 

unlikely to be of significant clinical relevance.  

 

In a retrospective study of 28,882 patients, Martin et al20 observed a cumulative 

incidence of reoperation following lumbar fusion surgery of 10% 2 years 

postoperatively. Similarly, in the current study we observed a 12% cumulative 

incidence of reoperation 2 years postoperatively. An important point to consider is 

that our inclusion data, which required postoperative CT scans, could have made it 

more likely that our patients received reoperation. However, the similar incidence 

of 2-year reoperation rates between our study and that by Martin and colleagues 

makes this less likely. Importantly, we were able to obtain CT imaging of the lumbar 

spine from multiple CT indications including abdominal and pelvic CT imaging.  

 

Neither of the groups achieved the 1-year MCID for improvement in QALYs, PDQ, or 

PHQ-9 scores. Within the current study, the MCID for QALYs was based on a study 

by Parker et al15 of 45 patients undergoing transforaminal lumbar interbody fusion 

for degenerative lumbar spondylolisthesis. Within their cohort, the average 

preoperative QALY score was 0.37, which is considerably lower than our average 



preoperative QALY score of 0.47 for the FJV group and 0.49 for the control group. 

The MCID for PDQ and PHQ-9 scores were based on a study by Wilson16 that was 

not specific to spinal surgery, but instead examined general health outcomes of 

chronic pain patients. To date, no studies have yet determined MCIDs for PDQ 

scores and PHQ-9 scores following lumbar fusion.  

 

This is the first clinical study that investigates the importance of FJV at unfused 

lumbar levels.   The results highlight substantial morbidity or poor clinical outcomes 

following this surgical error.  In addition to the existing evidence from Cardoso’s22 

cadaveric study that FJV increases adjacent segment mobility, now we have 

observed a clinical consequence for patients with FJV. Based on this increased risk 

of reoperation following FJV, preserving the superior segment facet-joints by 

surgeons is required when placing pedicle screws. Surgeons should use pedicle 

screw insertion techniques that have shown lower incidence of FJV.   Minimizing the 

risk for reoperation is of utmost importance to maximize patient health while 

diminishing the financial burden that reoperation likely places on the patient and 

the health care system.  

 

Limitations of this study include the relatively short follow-up of 1 year for quality 

of life scores, and 2 years for reoperation rates. Presumably, QOL data from 1 year 

follow-up did not allow sufficient time to observe the potential deteriorating effects 

of facet-joint violation on ASD. Additionally, as with any retrospective study, 

selection and measurement biases may be present. Since this study was conducted 

at a single tertiary-care institution, the external validity may be limited to 

institutions with comparable patient populations and demographics. Even with 

these limitations, this study represents the first analysis of facet-joint violation’s 

impact on quality of life and reoperation rates, supporting the trend to preserve 

superior-level facet-joints during pedicle screw fixation. Future prospective studies 

will aim to look at longer-term patient outcomes data in patients with and without 

FJV. 

 



Conclusion: 

This study represents the first quantification of the impact of facet-joint violation on 

reoperation rate and postoperative quality of life following instrumented lumbar 

fusion surgery. We found that patients who have had their superior segment facet-

joint compromised during screw fixation have significantly higher rates of 

reoperation at 2-year follow-up compared to patients with preserved facet-joints. 

This avoidable complication results in substantial patients and costs absorbed by 

the patient, institution and health care system.   These findings highlight the 

importance of proper starting points for pedicle screw placement.   Future studies 

should be undertaken to determine the actual financial burden of facet-joint 

violation as well as an evaluation of the postoperative radiographic instability of 

these two differing cohorts. 
 

References: 

1. Rajaee, Sean S., Hyun W. Bae, Linda E. A. Kanim, and Rick B. Delamarter. 
“Spinal Fusion in the United States: Analysis of Trends from 1998 to 2008.” 
Spine 37, no. 1 (January 1, 2012): 67–76. 

2. Kim HJ, Chun HJ, Kang KT, et al. The biomechanical effect of pedicle screws’ 
insertion angle and position on the superior adjacent segment in 1 segment 
lumbar fusion. Spine 2012;37:1637–44. 

3. Ha KY, Schendel MJ, Lewis JL, Ogilvie JW (1993) Effect of immobilization and 
configuration on lumbar adjacent-segment biomechanics. J Spinal Disord 
6:99–105  

4. Leone A, Guglielmi G, Cassar-Pullicino VN, et al. Lumbar intervertebral 
instability: a review. Radiology 2007;245:62–77.  

5. Ha KY, Son JM, Im JH, et al. Risk factors for adjacent segment degeneration 
after surgical correction of degenerative scoliosis.   Indian J Orthop 
2013;47:346–51.  

6. Levin DA, Hale J, Bendo JA. Adjacent segment degeneration following spinal 
fusion for degenerative disc disease. Bull NYU Hosp   Jt Dis 2007;65:29–36.  

7. He B, Yan L, Guo H, Liu T, Wang X, Hao D. The Difference in Superior Adjacent 
Segment Pathology After Lumbar Posterolateral Fusion by Using 2 Different 
Pedicle Screw Insertion Techniques in 9-Year Minimum Follow-up. Spine 
2014;39:1093-1098. 

8. Park P, Garton HJ, Gala VC, et al. Adjacent segment disease after lumbar or 
lumbosacral fusion: review of the literature. Spine 2004;29:1938–44. 



9. Aota Y, Kumano K, Hirabayashi S. Postfusion instability at the adjacent 
segments after rigid pedicle screw fixation for degenerative lumbar spinal 
disorders. J Spinal Disord 1995;8:464–73 

10. Wiltse LL, Radecki SE, Biel HM, et al. Comparative study of the incidence and 
severity of degenerative change in the transition zones after instrumented 
versus noninstrumented fusions of the lumbar spine. J Spinal Disord 1999; 
12:27–33. 

11. Shah RR, Mohammed S, Saifuddin A, Taylor BA. Radiologic evaluation of 
adjacent superior segment facet joint violation following transpedicular 
instrumentation of the lumbar spine. Spine 2003;28: 272–5. 

12. Moshirfar A, Jenis LG, Spector LR, et al. Computed tomography evaluation of 
superior-segment facet-joint violation after pedicle instrumentation of the 
lumbar spine with a midline surgical approach. Spine 2006;31:2624–9. 

13. Knox JB, Dai JM, Orchowski JR. Superior segment facet joint violation and 
cortical violation after minimally invasive pedicle screw placement. The Spine 
Journal 2011;11:213-217. 

14. Yson SC, Sembrano JN, Sanders PC, et al. Comparison of Cranial Facet Joint 
Violation Rates Between Open and Percutaneous Pedicle Screw Placement 
Using Intraoperative 3-D CT Computer Navigation. 

15. Parker SL, Adogwa O, Paul AR, et al. Utility of minimum clinically important 
difference in assessing pain, disability, and health state after transforaminal 
lumbar interbody fusion for degenerative lumbar spondylolisthesis. J 
Neurosurg Spine. 2011;14(5):598-604. doi:10.3171/2010.12.SPINE10472. 

16. Wilson H. Minimum Clinical Important Differences of Health Outcomes in a 
Chronic Pain Population: Are They Predictive of Poor Outcomes? 2008. 

17. DRG Expert. Eden Prairie, Minnesota: Ingenix; 2012 
18. Etebar S, Cahill DW. Risk factors for adjacent-segment failure following 

lumbar fixation with rigid instrumentation for degenerative instability. J 
Neurosurg 1999;90:163–9. 

19. Martin, Brook I., Sohail K. Mirza, Bryan A. Comstock, Darryl T. Gray, William 
Kreuter, and Richard A. Deyo. “Reoperation Rates Following Lumbar Spine 
Surgery and the Influence of Spinal Fusion Procedures.” Spine 32, no. 3 
(February 1, 2007): 382–87. doi:10.1097/01.brs.0000254104.55716.46. 

20. Chen, Zhiming, Jie Zhao, Hao Xu, Aigang Liu, Jiandong Yuan, and Cong Wang. 
“Technical Factors Related to the Incidence of Adjacent Superior Segment 
Facet Joint Violation after Transpedicular Instrumentation in the Lumbar 
Spine.” European Spine Journal: Official Publication of the European Spine 
Society, the European Spinal Deformity Society, and the European Section of 
the Cervical Spine Research Society 17, no. 11 (November 2008): 1476–80. 
doi:10.1007/s00586-008-0776-9. 

21. Park, Yung, Joong Won Ha, Yun Tae Lee, and Na Young Sung. “Cranial Facet 
Joint Violations by Percutaneously Placed Pedicle Screws Adjacent to a 
Minimally Invasive Lumbar Spinal Fusion.” The Spine Journal: Official Journal 
of the North American Spine Society 11, no. 4 (April 2011): 295–302. 
doi:10.1016/j.spinee.2011.02.007. 



22. Cardoso, Mario J., Anton E. Dmitriev, Melvin Helgeson, Ronald A. Lehman, 
Timothy R. Kuklo, and Michael K. Rosner. “Does Superior-Segment Facet 
Violation or Laminectomy Destabilize the Adjacent Level in Lumbar 
Transpedicular Fixation? An in Vitro Human Cadaveric Assessment.” Spine 
33, no. 26 (December 15, 2008): 2868–73. 
doi:10.1097/BRS.0b013e31818c63d3. 

 


