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BACKGROUND In the past ten years, there have been significant in-
creases in spending for lumbar fusions. A common assumption is 
that the current system incentivizes spine surgeons to perform more 
complex surgeries. Surgical interventions should ideally be chosen 
as appropriate for the patient. Our study assesses what financial in-
centive, as measured by professional revenues per operative time, 
exists for three common spine procedures.

METHODS This is a retrospective cohort study using administrative 
data from an academic orthopedic center. Billing records and ag-
gregated operative time were reviewed for 611 patients from 2010-
2012 who underwent an elective posterior lumbar laminectomy 
and fusion (PLF) (n=178), lumbar laminectomy (L) alone (n=136), or 
a lumbar microdiscectomy (MD) (n=170).

RESULTS Analysis showed that the mean total professional reve-
nue for PLF is higher than for L, which is higher than that for MD 
(p<0.001). However, mean professional compensation per total op-
erative time for MD is higher than that for L, which is higher than 
that for PLF (p<0.001). Unadjusted for time, professional compensa-
tion was a better predictor (p=0.001) of the number of procedures 
than compensation per operative time (p=0.321).

CONCLUSION We found that there is actually a significant financial 
disincentive to performing more complex lumbar procedures once 
professional compensation is adjusted by the time needed for each 
procedure. Our study supports previous studies in other locations 
in U.S. These studies suggest that adjusted for surgical time, the in-
crease in more complex spine procedures is not necessarily driven 
by surgeons’ financial payments.

There has been a 500% increase in Medicare spending for lumbar fusions 
in ten years, accompanying a greatly increased rate of fusion procedures.1  
Studies on the clinical benefits of surgery for lumbar spinal stenosis and for 
the type of procedure selected have both been mixed.1-15 A commonly held 
assumption, found in the lay press and the literature, has been that the cur-
rent system incentivizes spine surgeons to perform more complex surger-
ies.16,17 This is especially pertinent given the re-evaluation of compensation 
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models in the state of Massachusetts and throughout 
the United States following the passage of the Patient 
Protection and Affordable Care Act in 2010. Policies 
built around an incorrect assumption of how financial 
payments influence surgeon decisions regarding treat-
ment for lumbar spinal stenosis may not be effective 
and may lead to unintended consequences. 

Financial payments driving physicians’ treatment 
choices and behavior have been studied under various 
settings. Data from a survey of physician visits show 
that physicians spend less time with their capitated pa-
tients than with their non-capitated patients.18 There 
has been extensive evidence linking increased utiliza-
tion to the fee-for-service payment system.19 Explicit 
incentives that place physicians at financial risk appear 
effective in reducing utilization, but the effectiveness of 
bonus payments is mixed.20 

Studies that take into account operation time when 
analyzing financial payments include one where total 
care time for each procedure and physician fees were 
used to calculate procedure-specific professional reve-
nues, which found that professional revenues for endo-
vascular repair were much higher per unit time than 
that of open repair of similar conditions.21 A retrospec-
tive cohort study reported a hospital revenue-analysis 
comparing lumbar total disc replacement (TDR) to spi-
nal fusion. Patients with 1-level disease had significant 
differences, with the fusion group having more expen-
sive procedures, blood loss, and operating room time.  
Patients with 2-level disease had similar total revenues, 
but longer operative time for fusion.22 A retrospective 
study similar to our present study compared single-lev-
el decompression with combined decompression and 
instrumented fusion as performed by a single surgeon.23 
After assessing the reimbursement amount per time ex-
penditure, where total time encompassed surgical time 
and number and duration of post-operative visits, the 
authors concluded that the monetary incentives did not 
align with more fusion procedures.

Our study seeks to quantify existing financial pay-
ments, operationalized as professional revenues per 
unit time, for three common spine procedures, and to 
determine whether surgeons’ behaviors are consistent 
with financial compensation. Aggregated billing data 
were used to evaluate whether monetary payments 
might drive spinal surgeon’s procedural choices. We 
hypothesized that although some procedures have 

higher professional revenues, once the corresponding 
longer times required to perform these procedures are 
accounted for, surgeon behaviors do not correspond to 
the marginal financial compensation.

MATERIALS & METHODS

De-identified data was provided by the billing depart-
ment for this analysis. Billing records for professional rev-
enues and aggregated operative time were reviewed from 
the period 1/1/2010 through 1/31/2012.  Over the 2-year 
period referenced, this urban academic spine center re-
ported 65,446 total RVUs, with revenue from both public 
and more than 10 private payers. Public payers, including 
Medicaid, Medicare, Medicare Replacement, and Work-
ers Comp & Motor Vehicle Accidents, made up 41.1% of 
the total RVUs and 40.3% of the total revenues. 

Current Procedural Terminology (CPT) codes (set 
of codes maintained by the American Medical Asso-
ciation that describes medical services for adminis-
trative and analytical purposes) were used to identify 
611 patients who underwent spinal surgery. Following 
individual case review, 484 patient cases were identi-
fied to be elective posterior lumbar laminectomy and 
fusion (PLF) (n=178), lumbar laminectomy (L) alone 
(n=136), or lumbar microdiscectomy (MD) (n=170). 
Lumbar microdiscectomy involves removal of a por-
tion of damaged disc material. Lumbar laminectomy 
involves removal of the lamina. Posterior lumbar lam-
inectomy and fusion involves adding bone graft to the 
spine following removal of the lamina. Mean total pro-
fessional revenues, mean professional revenues per OR 
minute, and number of procedures were used as the 
outcome measures. Descriptive statistics, analysis of 
variance (ANOVA) analyses with regressions, and or-
dinary least squares (OLS) regressions were performed 
using Stata 12, and were reported as appropriate and 
the level of significance was set at p<0.05. 

RESULTS

Total professional revenues for posterior lumbar 
laminectomy and fusion had a mean of $3295 and stan-
dard deviation of $1714 (Table 1). Total professional 
revenues for lumbar laminectomy had a mean of mean 
of $2253 and standard deviation of $1428. Total pro-
fessional revenues for lumbar microdiscectomy ranged 
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had a mean of $1594 and standard deviation of $918.  
Professional revenues per operative time for posterior 
lumbar laminectomy and fusion had a mean of $5.25/
min and standard deviation of $3.87/min. Professional 
revenues per operative time for lumbar laminectomy 
ranged from had a mean of $8.11/min and standard 
deviation of $6.70/min. Professional revenues per op-
erative time for lumbar microdiscectomy had a mean 
of $12.41/min and standard deviation of $7.31/min.  
There is not a statistically significant difference between 
the providers in their mean professional revenues per 
operative time for these three procedures.

ANOVA analysis showed the mean total profes-
sional revenue for a posterior lumbar laminectomy 
and fusion is higher than for lumbar laminectomy, 
which is higher than that for lumbar microdiscectomy 
(p<0.001) (Table 1); in summary, total professional 
revenue for procedure is PLF>L>MD (Figure 1).

However, mean professional compensation per total 
operative time for lumbar microdiscectomy is high-
er than that for lumbar laminectomy, which is higher 
than that for posterior lumbar laminectomy and fusion 
(p<0.001) (Tabkle 1); in summary, professional revenue/
time necessary for procedure is MD>L>PLF (Figure 2). 

Professional Revenues
Total Professional Revenues per Operative Time

Type of Procedure N Mean ($) SD ($) Mean (&/min) SD (&/min)

Posterior lumbar laminectomy & fusion 178 3295 1714 5.25 3.87

Lumbar laminectomy 136 2253 1428 8.11 6.70

Lumbar microdiscectomy 170 1594 918 12.41 7.31

P Values <0.001 <0.001

Abbreviation: N, sample size; SD, standard deviation

Comparison of total professional revenues and revenues per operative time by type of procedureTABLE 1
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Unadjusted for time, professional compensation was 
a better predictor (p=0.001) of the number of proce-
dures done for each type of procedure than compensa-
tion per operative time (p=0.321) (Table 2, Figure 3).

DISCUSSION

The US has the highest rate of spine surgery in the 
world, with wider geographic variations than many 
other procedures. Medicare data for 2001 shows 6-fold 
variations in spine surgery rates among US cities, and 
10-fold variations in spine fusion rates. Spinal fusion 
procedures tripled during the 1990s, but rates of repeat 
surgery after fusion were no lower than the rates after 
decompression alone.24 A review of the literature found 
that compared to lumbar discectomy, fusion proce-

dures are increasing rapidly and vary markedly among 
surgeons, geographic regions, and between the US and 
England, suggesting differences in opinion regarding 
indications for lumbar fusion. Fusion for spinal stenosis 
with spondylolisthesis is associated with higher costs 
and complication rates than is decompressive surgery.25  
Lumbar fusion rates rose more rapidly in the 90s than 
in the 80s and the increases were much greater than 
those in other major orthopedic procedures. However, 
reports of clarified indications or improved efficacy are 
still lacking.26 Between the 90s and 2000s, overall utili-
zation for cervical, thoracolumbar, and lumbar fusions 
have all increased, but lumbar fusions have increased by 
far the most.27 In ten years, there was a more than 500% 
increase in Medicare spending for lumbar fusions. The 
rate of procedures within a region is stable, and rates 

Estimate (SD) P Value 95% CI

Total professional revenues 0.0016 (0.0005) 0.001 (0.0007, 0.0026)

Professional revenues per operative minute -0.1165 (0.1172) 0.321 (-0.3469, 0.1138)

Abbreviation: SD, standard deviation; CI, confidence interval

Total and per unit time professional revenues as predictors of number of operations performedTABLE 2

The number of procedures performed is compared between PLF, L, and MD. Each procedure is graphed by 
its average revenue per operative time in dollars per minute and total number of procedures performed 
within the study period.

FIGURE 3

Number of Procedures Done vs. Mean Payment per Minute
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were not correlated with per-capita supply of orthope-
dic and neurosurgeons.1 While overall surgical rates for 
stenosis operations declined from 2002 to 2007, more 
complex fusion procedures increased 15-fold.28 Some 
suggest that the “market of the spine surgery” is grow-
ing because patients are demanding solutions for their 
back problems, and often choose spinal fusions.29,30 A 
New York Times article in 2003 suggests that surgeons 
are responding to monetary incentives, with Medicare 
paying up to 4 times more for instrumented fusion than 
for laminectomy, and companies producing internal fix-
ation devices offering economic rewards.16 

The present study shows that from a total profes-
sional revenues perspective, posterior laminectomy 
and fusion appears to generate more revenue than lum-
bar laminectomy alone, which is more than lumbar 
microdiscotomy. After accounting for the amount of 
time required for each type of procedure, however, the 
reverse trend is seen. Our study does have limitations.  
Some patients undergoing PLF may have conditions 
that would not be indications for simpler procedures, 
however, the authors are interested in addressing the 
concern that spine surgeons, when presented with a 
case where the type of procedure may be considered 
surgeon choice, have an incentive to choose the more 
complex procedure. Our study suggests that in fact, if 
time is taken into account, there is a financial disin-
centive to perform the more complex procedure. The 
study also assumes that patient volume is not limiting 
and that rather operative time is limiting. Our study 
does not account for post-operative care. However, if 
the post-operative course including hospital inpatient 
stay and follow-up appointments in terms of number 
of visits were included in this analysis as it has been 
elsewhere, the “simpler” procedures would appear even 
more advantageous compared to the more complex 
ones as they have a shorter hospital stay (less round-
ing on the patient) and fewer follow-up appointments.  
Our study does not take into account who sees the pa-
tients and what services are owned or not owned by the 
practice. It is solely based on surgical revenue.  

Our study presents data from a specific practice with 
a unique and changing payer mix. Though we are not 
able to include payer mix variability as part of our anal-
ysis, certainly differences in payer mix may also change 
the compensation rates and therefore the results. This 
study in theory also assumes that surgeons can deter-

mine their own case mix. The authors believe this is 
indeed true. There is enough variability in opinion as 
to what is surgically necessary to obtain a good result. 
Although our study focuses on provider payments, 
because hospitals are paid by DRG (diagnosis-related 
group, which accounts for diagnoses, procedures, age, 
sex, discharge status, and the presence of complications 
or comorbidities), PLF procedures do provide a relative 
increase in reimbursement to the hospital, which may 
bring the institution greater net margin and resources.  
This may serve as an unmeasured financial incentive 
for surgeons in our study.

CONCLUSION

In our analysis of academic spinal surgeons, there 
appears to be a significant financial disincentive to per-
forming relatively more complex lumbar procedures if 
adjusted for surgical time. This suggests that despite the 
financial disincentive, spinal surgeons are increasingly 
making the right decision for the patient in choosing 
the type of lumbar spine surgery. Our study supports 
previous studies performed throughout other locations 
in the U.S. These studies call into question the assump-
tion that financial compensation has driven the in-
crease in more complex spine procedures.

ACKNOWLEGEMENTS

We thank Mr. Philip Schrodel, CEO of Physicians 
Professional Services at BIDMC, for billing data 
acquisition.

REFERENCES

1. Weinstein JN, Lurie JD, Olson PR, Bronner KK, Fisher ES. Unit-
ed States’ trends and regional variations in lumbar spine surgery: 
1992−2003. Spine. 2006;31:2707-2714.

2. Katz JN, Harris MB. Lumbar spinal stenosis. N Engl J Med 
2008;358:818-825.

3. Atlas SJ, Deyo RA, Keller RB, et al. The Maine Lumbar Spine 
Study, Part III: 1-year outcomes of surgical and nonsurgical man-
agement of lumbar spinal stenosis. Spine. 1996;21:1787-94.

4. Atlas SJ, Keller RB, Robson D, et al. Surgical and nonsurgical 
management of lumbar spinal stenosis: four-year outcomes from 
the Maine Lumbar Spine Study. Spine. 2000;25:556-562.



THE ORTHOPAEDIC JOURNAL AT HARVARD MEDICAL SCHOOL36

Wang et al.

5. Atlas SJ, Keller RB, Wu YA, et al. Long-term outcomes of sur-
gical and nonsurgical management of lumbar spinal stenosis: 
8 to 10 year results from the Maine Lumbar Spine Study. Spine. 
2005;30:936-943.

6. Malmivaara A, Slatis P, Heliovaara M, et al. Surgical or nonop-
erative treatment for lumbar spinal stenosis? A randomized con-
trolled trial. Spine. 2007;32:1–8.

7. Weinstein JN, Tosteson TD, Lurie JD, et al. Surgical versus non-
surgical therapy for lumbar spinal stenosis. N Eng J Med. 2008; 
258: 794-810.

8. Whitman JM, Flynn TW, Fritz JM. Nonsurgical management of 
patients with lumbar spinal stenosis: a literature review and a case 
series of three patients managed with physical therapy. Phys Med 
Rehabil Clin N Am. 2003;14:77-101vi-vii.

9. Deyo RA, Ciol MA, Cherkin DC, et al. Lumbar spinal fusion: a 
cohort study of complications, reoperations, and resource use in 
the Medicare population. Spine. 1993;18:1463-1470.

10. Katz JN, Lipson SJ, Lew RA, et al. Lumbar laminectomy alone 
or with instrumented or noninstrumented arthrodesis in degener-
ative lumbar spinal stenosis: patient selection, costs, and surgical 
outcomes. Spine. 1997;22:1123-1131.

11. France JC, Yaszemski MJ, Lauerman WC, et al. A randomized 
prospective study of posterolateral lumbar fusion: outcomes with and 
without pedicle screw instrumentation. Spine. 1999;24:553-560.

12. Kornblum MB, Fischgrund JS, Herkowitz HN, et al. Degen-
erative lumbar spondylolisthesis with spinal stenosis: a prospec-
tive long-term study comparing fusion and pseudarthrosis. Spine. 
2004;29:726-733.

13. Bridwell KH, Sedgewick TA, O’Brien MF, et al. The role of fu-
sion and instrumentation in the treatment of degenerative spon-
dylolisthesis with spinal stenosis. J Spinal Disord. 1993;6:461-472.

14. Brox JI, Sorensen R, Friis A, et al. Randomized clinical trial of 
lumbar instrumented fusion and cognitive intervention and exer-
cises in patients with chronic low back pain and disc degeneration. 
Spine. 2003;28;1913-1921.

15. Fairbank J, Frost H, Wilson-MacDonald J, et al. Randomised 
controlled trial to compare surgical stabilization of the lumbar 
spine with an intensive rehabilitation programme for patients with 
chronic low back pain: the MRC spine stabilization trial. BMJ. 
2005;330:1233.

16. Abelson R, Petersen M. An operation to ease back pain bol-
sters the bottom line, too. New York Times. 2003;Dec 31;A1.

17. Chen E, Tong KB, Laouri M. Surgical treatment patterns 
among Medicare beneficiaries newly diagnosed with lumbar spi-
nal stenosis. Spine. J 2010; 10: 588-594.

18. Melichar L. The effect of reimbursement on medical decision 
making: Do physicians alter treatment in response to a managed 
care incentive? Journal of Health Economics. 2009;28:902-907.

19. Broomberg J, Price MR. The impact of the fee-for-service re-
imbursement system on the utilization of health services. South 
African Medical Journal. 1990;78:130-132.

20. Armour BS, Pitts, MM, Maclean R, et al. The effect of explic-
it financial incentives on physician behavior. Arch Intern Med. 
2001;161:1261-1266.

21. Martin JD, Warble PB, Hupp JA, et al. A real world analysis of 
payment per unit time in a Maryland vascular practice. Journal of 
Vascular Surgery. 2010;52:1094-1099.

22. Levin DA, Bendo JA, Quirno M, et al. Comparative charge 
analysis of one- and two-level lumbar total disc arthroplasty ver-
sus circumferential lumbar fusion. Spine. 2007;32:2905-2909.

23. Whang PG, Lim MR, Sasso RC, et al. Financial incentives for 
lumbar surgery: a critical analysis of physician reimbursement for 
decompression and fusion procedures. J Spinal Disord Tech. 2008; 
21: 381-386.

24. Deyo RA, Mirza SK. Trends and variations in the use of spine 
surgery. Clin Orthop Relat Res. 2006;443:139-146.

25. Katz JN. Lumbar spinal fusion: surgical rates, costs, and com-
plications. Spine. 1995;20:78S-83S.

26. Deyo RA, Gray DT, Kreuter W, et al. United States trends 
in lumbar fusion surgery for degenerative conditions. Spine. 
2005;30:1441-1445.

27. Cowan JA Jr, Dimick JB, Wainess R, et al. Changes in utilization 
of spinal fusion in the United States. Neurosurgery. 2006;59:15-20.

28. Deyo RA, Mirza SK, Martin BI, et al. Trends, major medical 
complications, and charges associated with surgery for lumbar 
spinal stenosis in older adults. JAMA. 2010;303:1259-1265.

29. Robaina-Padron FJ. Controversies about instrumented sur-
gery and pain relief in degenerative lumbar spine pain. Results of 
scientific evidence. Neurocirugia. 2007;18:406-413.

30. Pawl R. Lumbar fusion or no fusion: what is the evidence. Surg 
Neurol. 2004;61:316-317.


