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ABSTRACT 

The anatomy of the lumbosacral tunnel has been scantly investigated in the medical literature although compression of the L5 
nerve in this region is a known clinical entity. Herein, we studied this anatomical region via dissection of 15 fresh cadaveric 
specimens.  The lumbosacral tunnel was a constant finding although the ligament forming its roof was varied in its robustness. 
In general, the lumbosacral ligament was semi-lunar in nature and the tunnel always contained fat. The majority of specimens 
were found to have rami communicants piercing the lumbosacral ligament forming a tethering point between the L5 ventral 
ramus and adjacent sympathetic trunk. No specimen was found to have direct compression of the L5 ventral ramus by the 
overlying lumbosacral ligament. Although variant anatomy might result in compression of the L5 ventral ramus at this location, 
our study supports a tethering effect on at this level by rami communicants piercing the lumbosacral ligament. Spine Scholar 
1:99-102, 2017 

 

INTRODUCTION 

One of the major causes of extraforaminal L5 radiculopathy is a poorly-described pathology of the L5 nerve root 
termed lumbosacral tunnel syndrome (LSTS) (Pecina et al., 2001). LSTS is specifically defined as a narrowing of the 
lumbosacral tunnel (LST) leading to compression of the L5 nerve root against the ala of the sacrum, causing radiculopathy 
(Nathan, 1969; Olsewski et al., 1991; Chandraraj, 1995; Matsumoto et al., 2002; Matsumoto et al., 2006; Matsumoto et al., 
2010; Briggs and Jones et al., 2012). The lumbosacral ligament (LSL) typically arises from the L5 vertebral body and/or 
transverse process and joins the lateral superior margin of the sacral ala. It makes up the ventral portion of the LST while the 
lateral superior margin of the sacral ala makes up the posterior wall (Nathan et al., 1982; Pecina et al., 2001). The LST 
contains the L5 nerve root and associated sympathetics. After exiting the tunnel, the L5 nerve root is joined by the L4 nerve 
root, which passes superiorly and anteriorly over the LSL (Nathan, 1969; Nathan et al., 1982).  

LSTS is most prevalent in the elderly population (Matsumoto et al., 2010). The average age of those affected has not 
been established in literature. Variation of the LSL leading to a narrowing of the LST is the main cause of LSTS; compression 
of the nerve root can result from variations in width, shape, thickness, and origin of the LSL (Nathan et al., 1982; Pecina et al., 
2001). Other reported causes of LSTS are osteophytes of the sacral ala or lateral margin of the vertebral body on the L5 and 
S1 vertebrae, sacral or pelvic rim fractures, tumors (especially of the sacrum), soft tissue irritation in the LST, and aneurysms 
or enlarged iliolumbar vasculature. Symptoms of LSTS are L5 radiculopathy with normal strength and no signs of muscle 
atrophy (Pecina et al., 2001). Treatments for LSTS are NSAIDS, nerve block, and surgery if other treatments fail (Matsumoto 
et al., 2002; Matsumoto et al., 2006; Matsumoto et al., 2010; Lee et al., 2014). 
 
MATERIALS AND METHODS 
 

Fifteen (30 sides) adult fresh frozen cadavers underwent dissection of the lumbosacral tunnel. Eight specimens were 
male and seven were female. The mean age at death was 76 years (range 55-101 years). No specimen had signs of previous 
surgery to the posterior abdominal wall near the lumbosacral tunnel. In the supine position, the abdominal wall was opened in 
the midline and reflected. Next, the organs were reflected laterally in order to identify the posterior abdominal wall. Dissection 
was then carried out medial to the psoas major and this muscle carefully resected. The lumbosacral trunk was identified and 
the L5 component traced back proximally to the lumbosacral tunnel. Measurements were made with microcalipers (Mitsutoyo, 
Kanagawa, Japan) and dissections carried out under a surgical microscope (OPMI CS NC31, Carl Zeiss, Oberkochen, 
Germany). Statistical analyses were performed with significance set at p<0.05.  
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RESULTS 
 

A lumbosacral tunnel was identified on all sides (Figs.1-3). A LSL was found on all sides and none was found to be 
ossified. The length of the tunnel ranged from 1.2 to 3 cm (mean 1.6 cm). Gray rami communicantes (Fig. 2) pierced the LSL 
on 80% (24/30) of sides. The LSL had a mean length of 9 mm (range 8mm-1.3 cm). The iliolumbar vein crossed over the LST 
on 18 sides (60%) (Fig. 2) but never within the tunnel itself. The L5 ventral ramus, after exiting the LST, joined a descending 
branch of the L4 ventral ramus to form the lumbosacral trunk on all but two sides (6.7%) (Fig. 3). Although the LSL traveled 
primarily from the root of the lumbar transverse process or adjacent L5 body, some fibers were also found to fuse with the 
adjacent iliolumbar ligament on about half of the sides studied. No statistical significance was found comparing sides or sex. 

 

 

 
 

Figure 1: Right lumbosacral tunnel opened by reflecting lumbosacral ligament (LSL) from the body of L5 and exposing the L5 ventral ramus. The L5 intervertebral 
disc (IVD) is seen contributing to the tunnel medially and for reference, the transverse process (TP) of L5 is colored purple. Note the iliolumbar ligament extending 

from the L5 TP to the ala of the sacrum and the sacroiliac joint seen as the roughly horizontal line. 
 
 

 
 
Figure 2: Right lumbosacral tunnel with lumbosacral ligament (arrow) intact. The rami communicantes (RC) are seen piercing the ligament to join the L5 nerve root 

to the sympathetic trunk (ST). 
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Figure 3: Left sided lumbosacral tunnel (brackets) with the exiting L5 ventral ramus (green). For reference, the femoral and obturator nerves are colored purple and 

orange, respectively. Note that there is no lumbosacral trunk in this specimen 

DISCUSSION 
 

Nathan et al. (1982) reported in a cadaveric study of 46 lumbosacral specimens that the LSL originates from the body 
and transverse process of L5 (73%), L5 vertebral body (20%), or transverse process (7%). Olsewski et al. (1991) contradicted 
Nathan et al. (1982) by reporting that the LSL did not arise from the L5 vertebral body. In their cadaveric study of 65 
lumbosacral regions, 22 (34%) LSLs extended medially across the ventral ramus of the fifth lumbar nerve root and in six cases 
(9%) compressed it (Briggs and Chandraraj, 1995). This study helped to demonstrate the LSL’s involvement in the 
pathogenesis of LSTS. In 28 cadavers (16 white, 12 black) with comparable age, weight, and height, the LSL in black patients 
was thicker (7.5 ± 1.4 vs. 5.7 ± 1.2 mm), wider (11.7 ± 1.6 vs. 9.2 ± 0.5 mm), and covered a greater cross-sectional area 
(70.7 ± 22.8 vs. 34.5 ± 11.4 mm2, p < 0.001) (Hanson and Sorensen, 2000). However, the cadavers in this study 
showed no signs of L5 nerve compression. The researchers were unable to determine whether these differences 
influenced the generation of LSTS significantly. We found a LSTL in all specimens although there are currently no 
significant demographic studies of the prevalence of LSTS. 

In two of the patients from the study of Briggs and Chandraraj (1995), the compressed L5 nerve root was removed 
and stained with Masson’s Trichrome. This revealed increased thickening of the connective tissue in the endo- and peri-neuria 
and in the dorsal root ganglia. The dorsal root ganglia also had smaller cells. Postmortem analysis from this study also 
demonstrated degenerative changes in the intervertebral disc and the articular processes at the lumbosacral joint, and 
articular cartilage abnormalities suggesting ligament thickening as a mechanical pathological process due to instability of the 
lumbosacral region (Briggs and Chandraraj, 1995). 

Brailsford (1929) and Mitchell (1936) proposed that aneurysms of the vasculature passing through the LST could also 
contribute to the pathology of LSTS. Nathan et al. (1982) confirmed and supported this evidence by reporting the association 
of the iliolumbar vasculature with the L5 nerve root in the LST. 

Osteophytes are the most frequently reported cause of LSTS in the literature. In 26 cadavers, osteophytes of L5-S1 
were identified and found to compress the L5 nerve root in six cases (one bilaterally) (Matsumoto et al., 2002). Four of these 
specimens suffered from symptoms of L5 radiculopathy, which is consistent with a diagnosis of LSTS. This supports the notion 
that osteophytes of the sacral ala and lateral margin of the vertebral body can cause L5 nerve root compression in the LST 
(Nathan et al., 1982). Lee et al. (2014) also reported 18 cases of osteophytes causing extraforminal compression of the L5 
nerve root, consistent with a diagnosis of LSTS. These cases were treated surgically, which alleviated the symptoms. Jones 
and Hisey (2012) published a similar case study reporting a L5-S1 osteophyte’s involvement in the pathogenesis of L5 nerve 
root entrapment.  

One particularly interesting case was described by Mason et al. (2013) after a bilateral CT-guided sacroiliac screw 
fixation. They recorded that the patient had postoperative complications of L5 radiculopathy with no motor dysfunction due to a 
misaligned screw. A CT image showed the screw breaching the ala of the sacrum with placement in the LST. Pain was 
alleviated by nerve block, but this did not constitute a permanent treatment so L5 nerve displacement and neurolysis was 
performed as described by Weil et al. (2007). Although not diagnosed by the physician, this appears to be the first documented 
case of a sacroiliac spine fixation causing LSTS. Weil et al. (2007) reported a similar case, though this screw punctured the L5 
nerve root. This supports the possibility of a diagnosis of LSTS in the case mentioned above by Mason et al. (2013). 
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It is important to differentiate LSTS diagnostically from far-out syndrome. Far-out syndrome is defined as L5 nerve 
entrapment caused by the transverse process of L5 and the sacral ala (Wiltse et al., 1984; Matsumoto et al., 2002). Symptoms 
of LSTS are those of L5 radiculopathy with sparing of normal muscle strength and size (Pecina, 2001). LSTS can be 
diagnosed by analyzing patients for neurological deficits of L5 and by CT evidence of pathologies such as osteophytes, 
tumors, or fractures. A definitive diagnosis is made if a selective nerve block alleviates symptoms (Matsumoto et al., 2002). 
Tarsal tunnel syndrome can also be indicative of L5 radiculopathies. When a patient presents with tarsal tunnel syndrome it is 
imperative that LSTS be ruled out (Zheng et al., 2016) by measuring the amplitude of the muscle action potential and 
conduction velocities of the peroneal nerve and both the medial plantar and lateral plantar nerves. Tinel’s test should also be 
performed at the ankle (Zheng et al., 2016). The typical diagnostic symptoms of LSTS mentioned previously should also be 
ruled out (Pecina et al., 2001; Zheng et al., 2016;). 

The recommended treatment for LSTS is to start the patient on NSAIDS to see if the pain can be alleviated. If this 
fails, an anesthetic block is recommended with follow-up surgery as a last resort treatment plan, if the pain is unbearable and 
the surgery is deemed feasible (Pecina, 2001). Its location makes surgical procedures very risky. Some primary causes such 
as a tumor, fracture, or aneurysm may need to be treated immediately with surgery. When surgery is deemed necessary, the 
typical posterior approach to the spine is not recommended as a treatment for an extraforaminal compression such as LSTS 
because of the deep location of the pathology. One recommended surgical approach is the Foley and Smith microendoscopic 
approach, which is minimally invasive and allows for excellent visualization of the extraforaminal zone (Foley and Smith, 1997; 
Matsumoto et al., 2006). This fluoroscopically guided posterior approach uses sequential soft tissue dilation followed by the 
insertion of tubular retractors and an endoscope into the area of interest (Foley and Smith, 1997). This treatment is beneficial 
for the mostly elderly demographic affected by LSTS (Matsumoto et al., 2010). Using these techniques, Matsumoto et al. 
(2010) demonstrated that partial sacral ala resection with resection of the longitudinal fibers of the iliolumbar ligament proved 
effective treatments for reducing pain and increasing the Japanese Orthopedic Association Score. Zhou et al. (2009) used a 
similar surgical approach on five patients with LSTS. The procedure involved microendoscopic decompression and partial 
resection of the L5 transverse processes, sacral ala, and osteophytes. Clinical outcome in these patients was excellent in 
three and good in two using the Visual Analogue Scale. This surgical approach is cheap and entails minimal blood loss (Zhou 
et al., 2009). Lee et al. (2014) studied 52 patients who suffered from extraforaminal compression of the L5 and S1 nerves.  For 
surgery on a L5 compression they recommended and used a far-lateral approach to the spine. This procedure should be 
planned on a case by case basis with foraminal and extraforaminal decompression.7 The optimal surgical approach is still up 
for debate and needs to be established through future investigations.  
 
CONCLUSION 
 

Based on our study, the LST is a constant anatomical structure found on the posterior abdominal wall at the 
lumbosacral junction. Further studies are necessary to determine if this structure alone might cause LSTS or if nearby 
pathology (e.g., osteophytes) is the main pathological component. 
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