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Abstract
Introduction
The extreme lateral interbody fusion technique (XLIF) is a modification of the retroperitoneal
approach to the lumbar spine. This is a minimally invasive technique allowing direct access to
the disc space without peritoneal or posterior paraspinal musculature damage. Nevertheless,
the retroperitoneal part of the colon can be injured in this operative technique. To our
knowledge, a study analyzing the anatomical considerations of the extreme lateral interbody
fusion technique with regards to potential colon injuries has not been previously performed.
Therefore, the aim of this study was to evaluate the potential risk of colon injuries during the
extreme lateral approach to the lumbar spine.

Materials and Methods
The extreme lateral approach to the lumbar spine was performed on four fresh-frozen cadaveric
sides. K-wires were placed into the intervertebral discs and positioned at L1/L2, L2/L3, L3/L4,
and L4/L5 levels. Next, the distances from the wires to the most posterior aspect of the adjacent
ascending or descending colon were measured.

Results
The mean distance from the intervertebral disc space to the ascending or descending colon was
23.2 mm at the L2/L3 level, 29.5 mm at the L3/L4 level, and 40.3 mm at the L4/L5 level. The
L1/L2 level was above the colon on both sides.

Conclusion
Our study quantified the relationship of the retroperitoneal colon during an extreme lateral
interbody fusion approach. Our results, as well as previously described cases of bowel
perforations, suggest a greater risk for colon injuries at the L2/3 and L3/4 levels.
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Introduction
Minimally invasive approaches to the anterior lumbar spine have evolved in order to improve
treatment and reduce approach-related morbidity [1]. One such approach is the extreme lateral
transpoas approach as first described by Ozgur et al. in 2006 [2]. The extreme lateral approach
to the lumbar spine is a modification of the retroperitoneal approach to the lumbar spine.
Intraoperative monitoring is used and the space between the 12th rib and the highest part of
the iliac crest is entered. The extreme lateral interbody fusion technique is a minimally invasive
technique allowing direct access to the disc space and without peritoneal or posterior
paraspinal musculature involvement [3-7].

Despite its minimally invasive nature, the overall complication rate for the lateral approach
based on the literature is about 18%. For example, weakness of the psoas major has been
reported in 1-8% of patients following this procedure. Postoperative sensory nerve injury is
reported to range from 5-49%. The most commonly reported injury is a nerve injury. Vascular
and bowel injuries are rare complications associated with this approach [8]. However, Rodgers
et al. found no vascular or intraoperative visceral injuries in 600 patients undergoing the lateral
approach [9]. Nevertheless, the retroperitoneal parts (ascending and descending) of the colon
can be injured with this approach [10, 11].

To our knowledge, a study analyzing the anatomical considerations of the extreme lateral
approach to the lumbar spine and potential colon injuries has not been previously performed.
Therefore, the aim of this cadaveric study was to evaluate the potential risk of colon injury
during an extreme lateral approach to the lumbar spine. 

Materials And Methods
We performed an anatomical study on four sides from two fresh, frozen, and thawed adult
cadavers (one male, 81 years at death; one female, 73 years at death) in a surgical training
facility (Seattle Science Foundation, Seattle, Washington, USA). The dissections were initially
performed in the prone position between the 12th rib and highest point of the iliac crest on
each side. The latissimus dorsi muscle and the thoracolumbar fascia were dissected. The
retroperitoneum was opened and the fat tissue was removed. Next, the cadavers were
positioned in the direct lateral position (90°) and K-wires were placed into the intervertebral
discs. The placement was confirmed using anteroposterior (Figure 1) and lateral
fluoroscopy (Figure 2).
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FIGURE 1: Labeled anteroposterior radiograph of the lumbar
spine showing the placement of the wires which were used for
the measurements.
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FIGURE 2: Labeled lateral radiograph of the lumbar spine
showing the placement of the wires which were used for the
measurements.

All wires were placed by fellowship-trained spine surgeons. The wires were positioned at L1/L2,
L2/L3, L3/L4, and L4/L5 levels. After this, the distances from the wires to the most posterior
aspect of the adjacent ascending or descending colon were measured by two different surgeons
and the average of the measurements taken (Figure 3, 4).
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FIGURE 3: Lateral view showing the wire placement into the
intervertebral disc spaces.

FIGURE 4: Posterior view of the retroperitoneal dissection.

Measurements were made using microcalipers (Mitutoyo, Kanagawa, Japan) with a resolution of
0.01 mm and an accuracy of ±0.025mm. 
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Results
No scoliosis or other anatomical variants were observed in any of the specimens. No past
surgical scars were noted in the areas dissected. No gross pathology or anatomical variations
were seen in the areas dissected. The mean distance from the intervertebral disc space to the
posterior edge of the ascending and descending colon was 23.2 mm (6.0-41.0mm) at the L2/L3
level, 29.5 mm (14.0-45.0mm) at the L3/L4 level and, 40.3 mm (20.0-60.0mm) at the L4/L5 level.
The L1/L2 level was above the colon on both sides. No grossly visible differences were noted
between the two specimens. These results are summarized in Table 1.

 Specimen 1 right side
(mm)

Specimen 1 left side
(mm)

Specimen 2 right side
(mm)

Specimen 2 left side
(mm)  

L1/L2 1 2 1 2 1 2 1 2 mean
(mm)

Colon X X X X X X X X X

L2/L3 1 2 1 2 1 2 1 2 mean
(mm)

Colon X X 41 40 X X 6 6 23.3

L3/L4 1 2 1 2 1 2 1 2 mean
(mm)

Colon X X 14 14 X X 45 45 29.5

L4/L5 1 2 1 2 1 2 1 2 mean
(mm)

Colon X X 20 21 X X 60 60 40.3

TABLE 1: Measurements from lumbar intervertebral disc spaces to the ascending and
descending colon.

Discussion
Minimally invasive approaches such as the extreme lateral lumbar interbody fusion have been
shown to achieve similar or better outcomes in regards to pain and disability relief compared to
direct approaches [8, 12-15]. Furthermore, studies suggest a lower complication rate with less
blood loss, decreased risk of vascular or lumbar plexus injuries, decreased costs, and a shorter
length of hospital stay [8, 9, 16-20].

Bowel injuries are rare, undesirable, and sometimes life-threatening complications that can
occur after anterior lumbar spinal surgeries [9, 11, 21, 22].

In the present study, we analyzed the anatomical relations of the retroperitoneal parts of the
colon to the intervertebral disc space of the lumbar spine in order to better understand the
mechanisms leading to a bowel injury during the extreme lateral lumbar approach. We found
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that the ascending and descending colon are at risk, especially at the L2/L3 and L3/4 levels. The
average distance from the disc space to the colon on left and right sides was 23.3 mm and 29.5
mm respectively. During a L4/L5 extreme lateral lumbar approach the distance was greater with
an average distance of 40.3 mm from the disc space to the colon. Therefore, based on our
cadaveric study, injury to the colon at this level would be less, compared to proximal lumbar
levels during lateral approaches.

To our knowledge only two cases of bowel injuries after extreme lateral interbody fusion are
described in the literature. Balsano et al. reported the case of a 70-year-old male who
underwent an L3/4 and L4/5 extreme lateral transpsoas approach for interbody fusion. The
patient suffered a perforation of the splenic flexure of the colon and required surgical
intervention with a temporary colostomy for three months [10]. In their series, Tormenti et al.
reported one bowel perforation out of eight scoliotic patients undergoing lateral transpsoas
approaches. Specifically, a cecal perforation occurred, which necessitated an emergency
exploratory laparotomy and bowel resection. As suggested by Tormenti et al., the rotatory
component of scoliotic spines changes the topographical anatomy and could significantly
increase the risk of damage to intra- and retroperitoneal structures [11]. In these cases, the
preoperative imaging should be analyzed thoughtfully. The literature is lacking in studies
analyzing topographical changes in scoliotic patients or analyzing anatomical variations
related to the extreme lateral interbody fusion procedure.

To prevent injury of peritoneal and retroperitoneal components, complete access to the
retroperitoneal space is necessary. The muscle fibers have to be carefully spread and dilators
and retractors placed through the space of the lateral border of the psoas major muscle. Careful
removal of the retractor and ensuring that there are no obvious injuries to the bowel
are crucial.

Conclusions
Our cadaveric study quantitated a close relationship of the retroperitoneal colon during
extreme lateral interbody fusion procedures. Our results as well as the previous described cases
of bowel perforations in the literature suggest a greater risk for injuries at the L2/3 and L3/4
levels during lateral approaches to the spine. Moreover, scoliotic spines might lead to a greater
risk of colonic injuries.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three
years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that
could appear to have influenced the submitted work.

References
1. Balsano M, Carlucci S, Ose M, Boriani L: A case report of a rare complication of bowel

perforation in extreme lateral interbody fusion. Eur Spine J. 2015, 24:405–408.
10.1007/s00586-015-3881-6

2. Caputo AM, Michael KW, Chapman TM, Massey GM, Howes CR, Isaacs RE, Brown CR: Clinical

2018 Yilmaz et al. Cureus 10(1): e2122. DOI 10.7759/cureus.2122 7 of 9

https://dx.doi.org/10.1007/s00586-015-3881-6
https://dx.doi.org/10.1007/s00586-015-3881-6
https://dx.doi.org/10.1100/2012/680643


outcomes of extreme lateral interbody fusion in the treatment of adult degenerative scoliosis.
ScientificWorldJournal. 2012, 680643. 10.1100/2012/680643

3. Formica M, Zanirato A, Cavagnaro L, Basso M, Divano S, Felli L, Formica C: Extreme lateral
interbody fusion in spinal revision surgery: clinical results and complications. Eur Spine J.
2017, 4:464-470. 10.1007/s00586-017-5115-6

4. Isaacs RE, Sembrano JN, Tohmeh AG, Group SDS: Two-year comparative outcomes of MIS
lateral and MIS transforaminal interbody fusion in the treatment of degenerative
spondylolisthesis: part II: radiographic findings. Spine (Phila Pa 1976). 2012, 41:133–144.
10.1097/BRS.0000000000001472

5. Keerthi I, Dhillon CS, Shetty MB: Late-onset bowel perforation and iliac artery erosion after
prominent anterior spinal instrumentation. Spine (Phila Pa 1976). 2012, 37:22.
10.1097/BRS.0b013e318267f813

6. Khajavi K, Shen A, Lagina M, Hutchison A: Comparison of clinical outcomes following
minimally invasive lateral interbody fusion stratified by preoperative diagnosis. Eur Spine J.
2015, 3:322–330. 10.1007/s00586-015-3840-2

7. Malham GM, Ellis NJ, Parker RM, Seex KA: Clinical outcome and fusion rates after the first 30
extreme lateral interbody fusions. ScientificWorldJournal. 2012, 10.1100/2012/246989

8. Ozgur BM, Aryan HE, Pimenta L, Taylor WR: Extreme Lateral Interbody Fusion (XLIF): a novel
surgical technique for anterior lumbar interbody fusion. Spine J. 2006, 6:435–443.
10.1016/j.spinee.2005.08.012

9. Patel VC, Park DK, Herkowitz HN: Lateral transpsoas fusion: indications and outcomes.
ScientificWorldJournal. 2012, 893608, 10.1100/2012/893608

10. Pereira EA, Farwana M, Lam KS: Extreme lateral interbody fusion relieves symptoms of spinal
stenosis and low-grade spondylolisthesis by indirect decompression in complex patients. J
Clin Neurosci. 2017, 35:56–61.

11. Rodgers WB, Gerber EJ, Patterson J: Intraoperative and early postoperative complications in
extreme lateral interbody fusion: an analysis of 600 cases. Spine (Phila Pa 1976). 2011, 36:26–
32. 10.1097/BRS.0b013e3181e1040a

12. Rodgers WB, Gerber EJ, Patterson JR: Fusion after minimally disruptive anterior lumbar
interbody fusion: Analysis of extreme lateral interbody fusion by computed tomography. SAS
J. 2010, 4:63–66. 10.1016/j.esas.2010.03.001

13. Rodgers WB, Gerber EJ, Rodgers JA: Lumbar fusion in octogenarians: the promise of
minimally invasive surgery. Spine (Phila Pa 1976). 2010, 35:355–360.
10.1097/BRS.0b013e3182023796

14. Ruf M, Voigt A, Kupczyk-Joeris D, Merk HR: Perforation of the sigmoid colon due to
intradiscal spacer dislocation. Eur Spine J. 2011, 2:289–293. 10.1007/s00586-011-1696-7

15. Saraph V, Lerch C, Walochnik N, Bach CM, Krismer M, Wimmer C: Comparison of
conventional versus minimally invasive extraperitoneal approach for anterior lumbar
interbody fusion. Eur Spine J. 2004, 13:425–431. 10.1007/s00586-004-0722-4

16. Sembrano JN, Tohmeh A, Isaacs R, Group SDS: Two-year comparative outcomes of MIS lateral
and MIS transforaminal interbody fusion in the treatment of degenerative spondylolisthesis:
part I: clinical findings. Spine (Phila Pa 1976). 2016, 41:123–132.

17. Smith WD, Christian G, Serrano S, Malone KT: A comparison of perioperative charges and
outcome between open and mini-open approaches for anterior lumbar discectomy and fusion.
J Clin Neurosci. 2012, 5:673-680.

18. Smith WD, Wohns RN, Christian G, Rodgers EJ, Rodgers WB: Outpatient minimally invasive
lumbar interbody: fusion predictive factors and clinical results. Spine (Phila Pa 1976). 2016,
41:106–122.

19. Tormenti MJ, Maserati MB, Bonfield CM, Okonkwo DO, Kanter AS: Complications and
radiographic correction in adult scoliosis following combined transpsoas extreme lateral
interbody fusion and posterior pedicle screw instrumentation. Neurosurg Focus. 2010, 28:7.
10.3171/2010.1.FOCUS09263

20. Wang MY, Mummaneni PV: Minimally invasive surgery for thoracolumbar spinal deformity:
initial clinical experience with clinical and radiographic outcomes. Neurosurg Focus. 2010,
28:9. 10.3171/2010.1.FOCUS09286

21. Winder MJ, Gambhir S: Comparison of ALIF vs. XLIF for L4/5 interbody fusion: pros, cons, and
literature review. J Spine Surg. 2016, 2:2–8. 10.21037/jss.2015.12.01

22. Youssef JA, McAfee PC, Patty CA, Raley E, DeBauche S, Shucosky E, Chotikul L: Minimally

2018 Yilmaz et al. Cureus 10(1): e2122. DOI 10.7759/cureus.2122 8 of 9

https://dx.doi.org/10.1100/2012/680643
https://dx.doi.org/10.1007/s00586-017-5115-6
https://dx.doi.org/10.1007/s00586-017-5115-6
https://dx.doi.org/ 10.1097/BRS.0000000000001472
https://dx.doi.org/ 10.1097/BRS.0000000000001472
https://dx.doi.org/10.1097/BRS.0b013e318267f813
https://dx.doi.org/10.1097/BRS.0b013e318267f813
https://dx.doi.org/10.1007/s00586-015-3840-2
https://dx.doi.org/10.1007/s00586-015-3840-2
https://dx.doi.org/10.1100/2012/246989
https://dx.doi.org/10.1100/2012/246989
https://dx.doi.org/10.1016/j.spinee.2005.08.012
https://dx.doi.org/10.1016/j.spinee.2005.08.012
https://dx.doi.org/10.1100/2012/893608
https://dx.doi.org/10.1100/2012/893608
https://www.sciencedirect.com/science/article/pii/S0967586816308748
https://dx.doi.org/10.1097/BRS.0b013e3181e1040a
https://dx.doi.org/10.1097/BRS.0b013e3181e1040a
https://dx.doi.org/10.1016/j.esas.2010.03.001
https://dx.doi.org/10.1016/j.esas.2010.03.001
https://dx.doi.org/10.1097/BRS.0b013e3182023796
https://dx.doi.org/10.1097/BRS.0b013e3182023796
https://dx.doi.org/10.1007/s00586-011-1696-7
https://dx.doi.org/10.1007/s00586-011-1696-7
https://dx.doi.org/10.1007/s00586-004-0722-4
https://dx.doi.org/10.1007/s00586-004-0722-4
https://journals.lww.com/spinejournal/Abstract/2016/04158/Two_year_Comparative_Outcomes_of_MIS_Lateral_and.10.aspx
https://www.sciencedirect.com/science/article/pii/S0967586811005716
https://journals.lww.com/spinejournal/Abstract/2016/04158/Outpatient_Minimally_Invasive_Lumbar_Interbody__.9.aspx
https://dx.doi.org/10.3171/2010.1.FOCUS09263
https://dx.doi.org/10.3171/2010.1.FOCUS09263
https://dx.doi.org/10.3171/2010.1.FOCUS09286
https://dx.doi.org/10.3171/2010.1.FOCUS09286
https://dx.doi.org/10.21037/jss.2015.12.01
https://dx.doi.org/10.21037/jss.2015.12.01
https://dx.doi.org/10.1097/BRS.0b013e3182023438


invasive surgery: lateral approach interbody fusion: results and review. Spine (Phila Pa 1976).
2010, 35:302–311. 10.1097/BRS.0b013e3182023438

2018 Yilmaz et al. Cureus 10(1): e2122. DOI 10.7759/cureus.2122 9 of 9

https://dx.doi.org/10.1097/BRS.0b013e3182023438

	Risks of Colon Injuries in Extreme Lateral Approaches to the Lumbar Spine: An Anatomical Study
	Abstract
	Introduction
	Materials and Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	FIGURE 1: Labeled anteroposterior radiograph of the lumbar spine showing the placement of the wires which were used for the measurements.
	FIGURE 2: Labeled lateral radiograph of the lumbar spine showing the placement of the wires which were used for the measurements.
	FIGURE 3: Lateral view showing the wire placement into the intervertebral disc spaces.
	FIGURE 4: Posterior view of the retroperitoneal dissection.

	Results
	TABLE 1: Measurements from lumbar intervertebral disc spaces to the ascending and descending colon.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


