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In the past few years, minimally invasive surgical (MIS) 
techniques have been described as a less morbid alter-
native to the traditional open approaches for lumbar in-

terbody fusions. Less tissue trauma, shorter operative and 
recovery time, and less operative pain are some advantages 
of the MIS approaches.19,21 Lateral transpsoas interbody fu-
sion is a MIS approach that was first described in 2001 as 
an alternative to the anterior approach.1,19,21 This approach 
has decreased risk of vascular injury and retrograde ejacu-
lation as compared with the anterior lumbar interbody fu-
sion approach.1,9,22 The small incision required in this tech-

nique also leads to less postoperative pain and a shorter 
recovery time.19,21,22

The transpsoas technique is used for the treatment of a 
wide variety spine conditions, including degenerative spi-
nal disorders, scoliosis, trauma, infections, and tumors.1,28 
In the past few years, multiple articles have documented 
the outcomes of this technique. Rodgers et al. studied 
600 patients with degenerative spine conditions who un-
derwent lateral interbody fusion. With at least 1 year of 
follow-up, patients in this study reported 86.7% satisfac-
tion.22 Similar results were observed in a smaller study, 
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OBJect The lateral jack-knife position is often used during transpsoas surgery to improve access to the spine. Postop-
erative neurological signs and symptoms are very common after such procedures, and the mechanism is not adequately 
understood. The objective of this study is to assess if the lateral jack-knife position alone can cause neurapraxia. This 
study compares neurological status at baseline and after positioning in the 25° right lateral jack-knife (RLJK) and the 
right lateral decubitus (RLD) position.
methOdS Fifty healthy volunteers, ages 21 to 35, were randomly assigned to one of 2 groups: Group A (RLD) and 
Group B (RLJK). Motor and sensory testing was performed prior to positioning. Subjects were placed in the RLD or 
RLJK position, according to group assignment, for 60 minutes. Motor testing was performed immediately after this 
60-minute period and again 60 minutes thereafter. Sensory testing was performed immediately after the 60-minute pe-
riod and every 15 minutes thereafter, for a total of 5 times. Motor testing was performed by a physical therapist who was 
blinded to group assignment. A follow-up call was made 7 days after the positioning sessions.
reSultS Motor deficits were observed in the nondependent lower limb in 100% of the subjects in Group B, and no 
motor deficits were seen in Group A. Statistically significant differences (p < 0.05) were found between the 2 groups with 
respect to the performance on the 10-repetition maximum test immediately immediately and 60 minutes after position-
ing. Subjects in Group B had a 10%–70% (average 34.8%) decrease in knee extension strength and 20%–80% (average 
43%) decrease in hip flexion strength in the nondependent limb.
Sensory abnormalities were observed in the nondependent lower limb in 98% of the subjects in Group B. Thirty-six 
percent of the Group B subjects still exhibited sensory deficits after the 60-minute recovery period. No symptoms were 
reported by any subject during the follow-up calls 7 days after positioning.
cOncluSiOnS Twenty-five degrees of right lateral jack-knife positioning for 60 minutes results in neurapraxia of the 
nondependent lower extremity. Our results support the hypothesis that jack-knife positioning alone can cause postopera-
tive neurological symptoms.
http://thejns.org/doi/abs/10.3171/2015.3.SPINE14928
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in which Ozgur et al. reported a 91% fusion rate and 75% 
clinical satisfaction.20 However, complications have also 
been associated with this procedure. Psoas weakness, 
quadriceps weakness, and thigh paresthesias have been 
reported postoperatively.1,19,22,27 Lumbar plexus injury and 
psoas trauma have been considered as possible causes of 
these symptoms.1,19,27 The transpsoas approach avoids ma-
nipulation of major vessels but causes manipulation of the 
lumbar plexus during dilation and retraction.1,16,21,33 Many 
anatomical studies have reported the most narrow access 
point and the highest density of neural structures to be 
at the L4–5 level.5,13,16,31 Based on a cadaveric study, one 
publication recommended special attention to the retractor 
placement and dilation time due to the proximity and dis-
placement of neural structures.5 Neuromonitoring systems 
can identify motor structures with triggered electromyog-
raphy (tEMG) probes during disc localization but cannot 
identify sensory branches or give good feedback regard-
ing neural integrity as the case progresses.

Despite tEMG, postoperative neurological “compli-
cations” have been reported at rates ranging from 8% 
to 30%. Most of these symptoms have been reported to 
resolve within 6 weeks to 6 months.25 The variability in 
spite of a consistent technique and instrumentation sys-
tem suggests that there may be other causes affecting the 
neural structures. Several articles in the literature propose 
operative positioning as a source of postoperative neuro-
logical symptoms.9,15,25,35–37 Stretch and/or compression of 
the neural structures and the consequent decreased per-
fusion of the nerve can contribute to postoperative defi-
cits.6,9,17,25,31 The lateral transpsoas approach requires the 
patient to be in the lateral decubitus position with the table 
jack-knifed 25° to 30°.21,28 The objective of this study is 
to investigate whether the lateral jack-knife position alone 
can cause neurological symptoms similar to those report-
ed in the literature after transpsoas lumbar fusion.

methods
Approval for this study was obtained from Quorum 

Review. 
After review board approval was obtained, 55 healthy 

volunteers were screened and 50 (ages 21–35 years) were 
enrolled. Exclusion criteria included pregnancy, previous 
back surgery, vasculitis, neuropathies, back conditions 
(scoliosis, spondylolisthesis, vertebral disc herniation, spi-
nal stenosis, congenital deformities, back pain), > 10-year 
history of diabetes mellitus, joint disease, heavy smoking 
or alcohol consumption, and body mass index (BMI) > 
40. The 5 subjects excluded were excluded due to scoliosis 
(2), recent knee surgery, recent tear of the anterior cruciate 
ligament, and chronic back pain. 

Two visits were scheduled for each subject, at least 24 
hours apart. During the first visit, subjects were screened 
and provided informed consent. A baseline strength test 
was performed on each subject’s bilateral lower extremi-
ties for hip flexion (psoas) and knee extension (quad-
riceps). Strength testing was performed by a certified 
physical therapist who was blinded to the subject’s par-
ticipation status. A 10-repetition maximum test (10Max 
test) was selected, as it is an established, objective, and 

reproducible way to measure subjects’ strength.10,34 The 
maximum weight each subject could lift during knee ex-
tension and hip flexion 10 times with full range of motion 
was determined in 3 or fewer tries to avoid muscle fatigue. 
A 3-minute break was given between each attempt. Once 
the maximum baseline weight was determined, a second 
visit was scheduled, with at least a 24-hour interval to pre-
vent cumulative muscle fatigue. During the second visit, 
baseline sensory testing, which included light touch and 
pinprick, was performed to determine any area of numb-
ness and/or paresthesias in the dermatomes of the lower 
extremities. The baseline sensory testing was performed 
by a nonblinded physician (D.M.) who was overseeing and 
conducting the study. This physician was not blinded to 
group assignment because we attempted to be consistent 
and have all sensory testing performed by a single exam-
iner. We were unable to blind this tester because the onset 
of sensory deficits was recorded while the patients were in 
their assigned positions. The results of the baseline sen-
sory testing were considered normal in all subjects, and 
there were no exclusions during this phase. Subjects were 
then randomly assigned to one of the two study groups 
using GraphPad Software. Group A (right lateral decubi-
tus [RLD], Fig. 1) and Group B (right lateral jack-knife 
[RLJK], Fig. 2) and placed in the assigned position.

Subjects in Group B (RLJK) were initially positioned in 
the right lateral decubitus position (left side up), then the ta-
ble was bent 25° to increase the space between the ribs and 
the hips on the nondependent (left) side, in addition to 40° 
to 45° hip and knee flexion. Subjects in Group A (RLD) 
were kept in the right lateral decubitus position. Subjects in 
both groups remained in the positions for 60 minutes; cus-
tomary positioning technique was applied using tape and 
pressure point relief. During this time, subjects’ symptoms 
were documented. A sensory examination (postpositioning 
sensory test) was performed immediately after the 60-min-
ute positioning session and every 15 minutes thereafter, for 
a total of 5 times. The 10Max test was performed using 
the individual subject’s baseline weight limit—one attempt 
immediately after positioning and another 60 minutes after 
the positioning session (a 3-minute break between knee ex-
tension and hip flexion was used to avoid muscle fatigue). 
All strength testing was performed and documented by the 
same physical therapist, who was blinded to which group 
the subject was assigned to. Strength testing was performed 
in the gym with the necessary strength testing equipment, 

Fig. 1. Right lateral decubitus position. Figure is available in color online 
only.
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whereas the positioning was performed in a closed treat-
ment room. Seven days after the second visit, subjects re-
ceived a phone call to follow up on their symptoms.

Statistics
Statistical analysis was performed using SAS statistical 

software (SAS Institute Inc.). Fisher analysis was used to 
determine the difference in sensory examination findings 
between the two groups. The results obtained every 15 
minutes were systematically compared. The Student t-test 
was used to determine the between-groups differences in 
the results of the 10Max test, immediately and 60 minutes 
after the positioning time.

results
Fifty volunteers participated in this study—24 women 

and 26 men between 21 and 35 years old (average age 28.2 
years) (Table 1). The average weight, height, and BMI were 
very similar between the 2 groups; the overall BMI aver-
age was 23.59. None of the participants had a BMI greater 
than 40 kg/m2 (Table 1). During the postpositioning time, 
100% of the subjects in Group B (RLJK) had decreased 
strength in the nondependent (left) lower extremity, with-
out any significant differences in results between males 
and females. Immediately after the positioning session, all 
the subjects in Group B (RLJK) had 10%–70% (average of 
34.8%) decrease in 10Max nondependent knee extension, 
while the subjects in the Group A (RLD) had no deficit 
(p = 0.0012). Similar results were observed in Group B 
nondependent hip flexion, with a 20%–80% (average of 
43%) decrease in 10Max, while no deficits were observed 
in Group A (RLD) (p < 0.001). Group B also demonstrated 
some motor impairment in the dependent lower extremity. 
Eleven subjects in Group B (RLJK) had a 10%–40% (av-
erage 15%) decrease in 10Max on the dependent knee ex-
tension and 5 subjects had a 10% decrease in 10Max in de-
pendent hip flexion, while no motor changes were detected 
in the dependent lower extremity for Group A (RLD) sub-
jects. However, no statistically significant differences were 
observed on the dependent side (p = 0.15) (Table 2).

Sixty minutes after the positioning time, the 10Max 
test was performed again. Although there was improve-
ment, Group B subjects continued to exhibit weakness in 
the nondependent lower extremity. Sixty-four percent of 

Group B subjects continued to demonstrate a 10%–60% 
(average 20%) decrease in 10Max on the nondependent 
knee extension (10% improvement compared with the 
initial postpositioning 10Max test) and 68% exhibited 
10%–60% (average 25%) decrease in the 10Max hip flex-
ion (12% improvement compared with the first postposi-
tioning test). There was no dependent limb deficit in knee 
extension (p = 0.0028) or hip flexion (p < 0.001) in Group 
A. None of the participants in Group A or Group B had 
deficits in the dependent lower extremity (Table 3).

Sensory testing was performed immediately after the 
positioning session and every 15 minutes thereafter for a 
60-minute period (5 times total). The responses were clas-
sified in 3 categories: 1) absent, when no sensation was 
reported by the subject; 2) decreased, the sensation was 
present but not normal; and 3) normal, when the subject 
reported full sensation. Sensory function was tested based 
on dermatomal distributions. Most subjects in Group B 
had sensory changes in the nondependent lower limb dur-
ing the immediate postpositioning testing. L-1, L-2, and 
L-3 were the most affected dermatomes on pinprick (Table 
4). Ninety-two percent of the participants had changes (ab-
sent or decreased response) during the initial postposition-
ing pinprick examination in the L-1 dermatome, 88% in 
L-2, and 44% in L-3. After the 60-minute recovery time, 
36% of Group B still had changes in pinprick response in 
the L-1 and L-2 dermatomes. These results were found to 
be significantly different from those obtained in Group A, 
where no alteration in sensory function (no change in sen-
sory testing response) was observed in the nondependent 
lower limb (p = 0.00001). In the dependent lower limb, 
response to pinprick remained normal in both groups.

Similar results were observed for the light touch sen-
sory test. Decreased light touch sensation was observed 
immediately after positioning in 80% of Group B sub-
jects in the nondependent L1 dermatome, while 68% had 
abnormal sensations in the L-2 dermatome, 52% in L-3, 
and 8% at L-4. None of the subjects in Group B had any 

Fig. 2. Right lateral jack-knife position. Figure is available in color online 
only.

taBle 1. demographic characteristics of the study participants

Characteristic Group A (RLD) Group B (RLJK)

Sex
 Female 11 12
 Male 14 13
Age (yrs)
 Mean 28.4 28.1
 Range 25–34 21–35
Weight (kg)
 Mean 70.96 66.1
 Range 46.72–102.05 43.09–96.16
Height (m)
 Mean 1.73 1.67
 Range 1.54–1.91 1.44–1.8
BMI (kg/m2)
 Mean 23.6 23.57
 Range 17.75–31.17 16.82–39.38

BMI = body mass index.
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change in response to light touch in the dependent lower 
limb. Response to light touch was normal in the bilateral 
lower limbs in all Group A subjects (p = 0.0007). After the 
60 minutes of recovery, a significant improvement in the 
response to light touch was observed in Group B. Just 36% 
of the subjects in this group had an abnormal response 
to light touch in the L-1 dermatome, 12% in the L-2, and 
8% in the L-3 dermatome (Table 5). The response to light 
tough remained normal in all subjects in Group A.

At the 7-day posttesting follow-up phone call, all sub-
jects had returned to their baseline asymptomatic state. 

discussion
Since the 1930s, when the first description of lumbar in-

terbody fusion was published by Capener and colleagues, 
a significant number of techniques have been described 
for various spinal conditions.28 Open anterior interbody 
fusion was used for several years with good results, but 
the high number of vascular complications during this ap-
proach encouraged Cloward et al. to publish the technique 
of posterior lumbar interbody fusion.28,32 This technique, 
however, was later associated with nerve root injury and 
irritation, and transforaminal lumbar interbody fusion was 
described as a modification.25,28 MIS approaches for spine 
surgery have been expanded in an attempt to decrease 
disruption to surrounding structures. Shorter surgical 
time, lower blood loss, decreased postoperative pain, and 
shorter recovery are some of the advantages attributed to 
the minimally invasive spine surgery.1,14,22,22,32 Endoscopic 
dissection seemed to open a new chapter in spine surgery 
when it was described in 1991, but complex technique 
caused for a steep learning curve.19,21 A decade later, a 
new approach promised to decrease the morbidity related 
to traditional open spine surgery; the minimally invasive 
transpsoas approach started to become established as one 
of the preferred surgical approaches for lumbar interbody 
fusion.

Lateral lumbar interbody fusion has been used as a 
treatment option for multiple spinal disorders. It is a ret-
roperitoneal approach that splits of the psoas muscle and 
avoids manipulation of the great vessels.1,21,32 However, the 
use of serial dilators and retractors to separate the psoas fi-
bers has been implicated as a possible cause of injury to the 
lumbar plexus.1,5 In an analysis of 600 cases, Rodgers et al. 
reported 65% immediate improvement after the interven-
tion. However, they also reported 37 complications—60% 
medical and 40% surgical. While no wound infections, 

taBle 2. results of motor testing performed immediately after 
60-minute positioning session*

Subject 
No.

Age 
(yrs) Sex Position

PostP 10Max
RKE LKE RHF LHF

1 29 F RLD 10/10 10/10 10/10 10/10
2 33 M RLJK 10/10 8/10 10/10 8/10
3 27 M RLJK 10/10 3/10 10/10 5/10
4 27 F RLJK 10/10 7/10 10/10 5/10
5 28 F RLD 10/10 10/10 10/10 10/10
6 28 M RLJK 10/10 6/10 10/10 6/10
7 26 M RLJK 10/10 9/10 9/10 2/10
8 31 M RLD 10/10 10/10 10/10 10/10
9 30 F RLD 10/10 10/10 10/10 10/10

10 25 M RLD 10/10 10/10 10/10 10/10
11 29 F RLJK 9/10 5/10 9/10 7/10
12 27 M RLD 10/10 10/10 10/10 10/10
13 30 F RLJK 9/10 8/10 10/10 5/10
14 27 M RLJK 10/10 9/10 10/10 7/10
15 30 M RLD 10/10 10/10 10/10 10/10
16 26 M RLD 10/10 10/10 10/10 10/10
17 27 M RLD 10/10 10/10 10/10 10/10
18 28 F RLJK 10/10 9/10 10/10 7/10
19 32 F RLJK 10/10 6/10 10/10 5/10
20 34 F RLD 10/10 10/10 10/10 10/10
21 21 F RLJK 9/10 8/10 10/10 10/10
22 25 M RLD 10/10 10/10 10/10 10/10
23 23 F RLJK 10/10 7/10 10/10 9/10
24 30 F RLD 10/10 10/10 10/10 10/10
25 25 F RLD 10/10 10/10 10/10 10/10
26 29 M RLJK 10/10 8/10 10/10 9/10
27 27 F RLJK 10/10 8/10 10/10 7/10
28 31 F RLD 10/10 10/10 10/10 10/10
29 31 M RLJK 9/10 6/10 10/10 7/10
30 21 F RLJK 8/10 5/10 9/10 2/10
31 25 F RLJK 8/10 4/10 10/10 4/10
32 29 F RLJK 9/10 6/10 10/10 8/10
33 27 F RLJK 10/10 5/10 9/10 2/10
34 29 M RLD 10/10 10/10 10/10 10/10
35 27 F RLD 10/10 10/10 10/10 10/10
36 28 F RLD 10/10 10/10 10/10 10/10
37 32 M RLD 10/10 10/10 10/10 10/10
38 29 M RLJK 10/10 8/10 10/10 8/10
39 28 M RLD 10/10 10/10 10/10 10/10
40 28 M RLD 10/10 10/10 10/10 10/10
41 27 F RLD 10/10 10/10 10/10 10/10
42 29 M RLJK 9/10 6/10 10/10 3/10
43 30 M RLJK 9/10 6/10 10/10 6/10
44 31 M RLD 10/10 10/10 10/10 10/10
45 27 M RLD 10/10 10/10 10/10 10/10
46 26 M RLD 10/10 10/10 10/10 10/10
47 29 F RLD 10/10 10/10 10/10 10/10

(continued)

taBle 2. results of motor testing performed immediately after 
60-minute positioning session* (continued)

Subject 
No.

Age 
(yrs) Sex Position

PostP 10Max
RKE LKE RHF LHF

48 29 M RLJK 6/10 7/10 10/10 8/10
49 35 M RLJK 10/10 9/10 10/10 9/10
50 31 F RLJK 8/10 6/10 9/10 5/10

LHF = left hip flexion; LKE = left knee extension; PostP = postpositioning; RHF 
= right hip flexion; RKE = right knee extension.
* Shading indicates Group B (RLJK).
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vascular injuries, or visceral injuries were described, 4 pa-
tients presented with quadriceps weakness, and hip flexion 
weakness was observed almost universally. These findings 
were observed despite neurological monitoring in all the 
cases.22 Ozgur et al. described similar results, reporting 
hip flexion weakness as the most frequent complication, 
which typically resolved within 6 weeks. For several years 
these symptoms have been attributed to the disruption of 
the psoas and a possible injury of the lumbar plexus, but 
the origin is not fully understood.19

In the current study we tested the hypothesis that jack-
knife positioning alone could cause neural compromise 
and subsequent symptoms. Twenty-five of the 50 subjects 
recruited were positioned in the RLJK position, while the 
other half were in the lateral decubitus position. During 
the postpositioning evaluation, 100% of the subjects in the 
lateral jack-knife group (Group B) presented 20%–80% 
weakness in the left lower extremity when performing the 
hip flexion 10Max test, whereas none of the subjects in the 
lateral decubitus group (Group A) presented any degree 
of weakness. Similar findings were also observed during 
knee extension. In addition to the motor changes, altera-
tions in sensory examination findings were also observed 
in Group B during the postpositioning pinprick (92% in 
L-1, 88% in L-2, and 44% in L-3) and light touch test-
ing (80% in L-1, 68% in L-2, and 52% in L-3). After the 
60-minute recovery time, we observed improvements in 
the ability to perform the 10Max test, and almost all of 
the subjects recovered from their initial sensory deficit. 
Ninety-eight percent of the individuals who participated 
in the study denied any symptoms during the follow-up 
call 7 days after the second visit (positioning day).

Extreme lateral interbody fusion is commonly used 
for a variety of conditions, with the average age of pa-
tients that undergo this procedure being between 60 and 
70 years.1,25 For this study, we decided that the age of the 
participants should be younger (20–40 years old) and that 
the participants should not have any significant medical 
history, including but not limited to back problems and/
or neuropathies. Younger subjects with no comorbid con-
ditions provide the best possible scenario to determine 
whether RLJK position alone contributes to cases of tran-
sient neurapraxia. Many patients who undergo lateral in-
terbody fusion may have predisposing factors that make 
them more likely to develop neurapraxia. Nerve root irri-
tation due to external compression, longer operative time, 
and advanced age are some of the aspects that could po-
tentially contribute to the development of postoperative 
neurological deficits. We hypothesized that the presence 
of symptoms in young healthy volunteers could translate 

taBle 3. results of motor testing performed 60 minutes after 
the end of the positioning session*

Subject 
No.

Age 
(yrs) Sex Position

PostP 10Max
RKE LKE RHF LHF

1 29 F RLD 10/10 10/10 10/10 10/10
2 33 M RLJK 10/10 7/10 10/10 7/10
3 27 M RLJK 10/10 7/10 10/10 6/10
4 27 F RLJK 10/10 8/10 10/10 6/10
5 28 F RLD 10/10 10/10 10/10 10/10
6 28 M RLJK 10/10 10/10 10/10 7/10
7 26 M RLJK 10/10 9/10 10/10 4/10
8 31 M RLD 10/10 10/10 10/10 10/10
9 30 F RLD 10/10 10/10 10/10 10/10

10 25 M RLD 10/10 10/10 10/10 10/10
11 29 F RLJK 10/10 4/10 10/10 6/10
12 27 M RLD 10/10 10/10 10/10 10/10
13 30 F RLJK 10/10 7/10 10/10 8/10
14 27 M RLJK 10/10 10/10 10/10 8/10
15 30 M RLD 10/10 10/10 10/10 10/10
16 26 M RLD 10/10 10/10 10/10 10/10
17 27 M RLD 10/10 10/10 10/10 10/10
18 28 F RLJK 10/10 9/10 10/10 8/10
19 32 F RLJK 10/10 9/10 10/10 9/10
20 34 F RLD 10/10 10/10 10/10 10/10
21 21 F RLJK 10/10 10/10 10/10 10/10
22 25 M RLD 10/10 10/10 10/10 10/10
23 23 F RLJK 10/10 10/10 10/10 10/10
24 30 F RLD 10/10 10/10 10/10 10/10
25 25 F RLD 10/10 10/10 10/10 10/10
26 29 M RLJK 10/10 10/10 10/10 10/10
27 27 F RLJK 10/10 9/10 10/10 9/10
28 31 F RLD 10/10 10/10 10/10 10/10
29 31 M RLJK 10/10 8/10 10/10 9/10
30 21 F RLJK 10/10 8/10 10/10 8/10
31 25 F RLJK 10/10 7/10 10/10 6/10
32 29 F RLJK 10/10 9/10 10/10 10/10
33 27 F RLJK 10/10 9/10 10/10 8/10
34 29 M RLD 10/10 10/10 10/10 10/10
35 27 F RLD 10/10 10/10 10/10 10/10
36 28 F RLD 10/10 10/10 10/10 10/10
37 32 M RLD 10/10 10/10 10/10 10/10
38 29 M RLJK 10/10 10/10 10/10 10/10
39 28 M RLD 10/10 10/10 10/10 10/10
40 28 M RLD 10/10 10/10 10/10 10/10
41 27 F RLD 10/10 10/10 10/10 10/10
42 29 M RLJK 10/10 9/10 10/10 8/10
43 30 M RLJK 10/10 9/10 10/10 10/10
44 31 M RLD 10/10 10/10 10/10 10/10
45 27 M RLD 10/10 10/10 10/10 10/10
46 26 M RLD 10/10 10/10 10/10 10/10
47 29 F RLD 10/10 10/10 10/10 10/10

(continued)

taBle 3. results of motor testing performed 60 minutes after 
the end of the positioning session* (continued)

Subject 
No.

Age 
(yrs) Sex Position

PostP 10Max
RKE LKE RHF LHF

48 29 M RLJK 10/10 10/10 10/10 10/10
49 35 M RLJK 10/10 10/10 10/10 10/10
50 31 F RLJK 10/10 10/10 10/10 9/10

* Shading indicates Group B (RLJK). 
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very well to the population undergoing lateral interbody 
fusion. Conditions such as diabetes, malnutrition, cancer, 
smoking, alcoholism, previous nerve injuries, and extreme 
weight are associated with higher incidence of positioning 
nerve injury.7

Nerve injury due to patient positioning on the oper-
ating table was initially described in the 1800s, most of 
them attributed to the patients’ malposition. Despite the 
decrease in the incidence of these injuries (0.02%–21%) 
through preventive measures, specific positions required 
for some procedures are associated with higher risk of 
neurapraxia.9 Peripheral nerve elongation/stretching and 
compression during surgery have proven to be respon-
sible for postoperative neurological deficit.6 Nerve roots 
lack epineurium and perineurium and are therefore less 
resilient to stretch and compression.12,18 Nerve roots have 
been found to be only 10% as strong as peripheral nerves 
and only 17% as stiff. “Small forces transmitted to roots 
via the nerve would cause substantial damage to roots and 
root attachments.”3 Animal in vivo testing on rat L-5 nerve 
roots has revealed strains of 16%, 10%, and 9%, at rates of 
0.01 mm/sec, 1 mm/sec, and 15 mm/sec, respectively, led 
to a 50% probability of complete conduction block. Spinal 
nerve root tissue exhibits an increase in functional deficit 
with increasing strain but at lower rates of distraction than 

seen in peripheral nerve studies.29 Neural stretch injuries 
have been found to cause a wide variety of pathophysi-
ological changes depending on the amount of stretch. Ani-
mal models have shown impairment of peripheral nerve 
blood flow induced with an 8% increase of in vivo length. 
Complete intraneural ischemia is induced at 15% increase 
in length.12,18 Peripheral nerve mechanical failure occurs at 
27% increase in length.24 Decrease in blood flow causing 
patching ischemia and/or tear of the intraneural connect-
ing tissue causing hemorrhage and/or necrosis are consid-
ered the pathophysiology behind the symptoms. Continu-
ous high levels of compression or elongation could lead to 
an increase of the intraneural venous pressure, which pro-
duces endoneural edema.30 In more severe cases, myelin 
displacement, Schwann cell damage, and Wallerian de-
generation are observed, mostly resulting in a poor prog-
nosis.36 Up to 70% loss of nerve action potential (NAP) 
amplitudes can be detected during 6% strain for one hour. 
These functional changes have shown to be reversible. 
However, at 12% strain for 1 hour, complete conduction 
block was noted with minimal recovery.33 Irreversible loss 
of nerve function has been reported with 16% strain to a 
peripheral nerve.6

In addition to the operating time, which has been related 
to higher incidence of postoperative nerve injury, the type 

taBle 4. results of pinprick examination of left lower extremity 
in group B

Dermatome & Time in 
Minutes*

Response
Absent Decreased Normal

L-1
 0 12% 80% 8%
 15 12% 84% 4%
 30 4% 76% 20%
 45 0 56% 44%
 60 0 36% 64%
L-2
 0 12% 76% 12%
 15 8% 76% 16%
 30 4% 68% 28%
 45 4% 44% 52%
 60 0 20% 80%
L-3
 0 0 44% 56%
 15 0 32% 68%
 30 0 24% 76%
 45 0 12% 88%
 60 0 8% 92%
L-4
 0 0 0 100%
 15 0 0 100%
 30 0 0 100%
 45 0 0 100%
 60 0 0 100%

* Time elapsed since the end of the RLJK positioning session.

taBle 5. results of light touch examination in group B

Dermatome & Time in 
Minutes*

Response
Absent Decreased Normal

L-1
 0 12% 68% 20%
 15 0 80% 20%
 30 0 67% 33%
 45 0 40% 60%
 60 0 36% 64%
L-2
 0 12% 56% 32%
 15 4% 60% 36%
 30 4% 48% 48%
 45 4% 28% 68%
 60 0 12% 88%
L-3
 0 0 52% 48%
 15 0 44% 56%
 30 0 28% 72%
 45 0 12% 88%
 60 0 8% 92%
L-4
 0 0 8% 92%
 15 0 4% 96%
 30 0 0 100%
 45 0 0 100%
 60 0 0 100%

* Time elapsed since the end of the RLJK positioning session.
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of surgery has been found to be another determining fac-
tor.9 Welch et al. found orthopedic surgeries to carry the 
highest risk of operative nerve injury (21%), followed by 
general surgery (18%), neurological surgery (8.9%), and 
cardiac surgery (7.1%). Other studies found a higher corre-
lation of upper-extremity neurapraxia after cardiac surgery, 
but the highest risk is still related to orthopedic surgeries.26

In the case of lateral interbody fusion procedures, the 
L4–5 intervertebral disc is the most challenging when us-
ing a transpsoas approach. This is due to the iliac crest and 
the course and size of the obturator and femoral nerves.5,16 
A lateral jack-knife position is used to drop the ipsilateral 
iliac crest and expose the L4–5 level under fluoroscopic 
guidance.21 Intraforaminal ligaments create a point of 
nerve root sheath fixation which may contribute to neural 
traction forces during positioning and then again during 
retractor placement and expansion.11 Ipsilateral hip flexion 
has been recommended to decrease the amount of traction 
on the femoral nerve during the procedure.32 During the 
present study, all subjects in Group B (RLJK) exhibited a 
decrease in the postpositioning 10Max in the nondepen-
dent lower limb (knee extension and hip flexion) in addi-
tion to alterations to sensory testing results in 98% of the 
subjects. These findings were statistically significant when 
compared with the results obtained in Group A (RLD), 
in which the subjects did not exhibit significant changes. 
There were no differences found between males and fe-
males with respect to results of testing. A significant de-
crease in 10Max results for knee extension was observed 
in 100% of Group B (RLJK) subjects during postposition-
ing testing. The findings from this study, appear to explain 
the high percentage of sensory disturbances reported in 
prospective studies after transpsoas approach but present a 
significantly higher incidence of motor deficits.1,19 The rea-
son for this discrepancy is likely due to the low sensitivity 
of manual muscle testing compared with the 10Max test-
ing that we used.4 Beasley reported manual muscle testing 
of knee extension strength to be considered normal when 
in fact it was 50% decreased.2 Three-nerve cross-inner-
vation as well as the combination of 4 muscles working 
in symphony for knee extension enables the quadriceps 
group be resilient and likely contributes to the decreased 
sensitivity of manual muscle testing.

The 25° angulation of the operating table for the lateral 
jack-knife position translates to lateral flexion of the lumbar 
spine. Fazey et al. studied the biomechanical changes of the 
lumbar spine during lateral flexion. Intersegmental angles 
were calculated using the lines extending from the ante-
rior and posterior corners of L-1 to L-5 and the midpoint 
where they intersected. The results of this study revealed 
statistically significant differences (p < 0.005) within the 
angles formed at the different lumbar vertebral levels, with 
the greatest lexion being at the L3–4 (6.7°) and L4–5 (6.7°) 
levels. These findings make L-4 the vertex of the angle 
formed in the lumbar spine during lateral flexion.8 These 
biomechanical results can be correlated to the findings of 
our study. Lumbar nerve roots originating above the L-4 
vertebral body (L-1 to L-3) are exposed to higher levels of 
stretch in a laterally flexed position. The L-5 nerve, which 
exits below the L-4 vertebra, is subjected to less traction in 
this position. This is the most likely explanation as to why 

postpositioning neural symptoms were seen in the L-1, L-2, 
L-3 dermatomes and no changes were observed at L-5.

During this study, young healthy conscious subjects 
began to experience sensory changes after 30 minutes in 
the jack-knife position at 25° and experienced motor and 
sensory deficits after 60 minutes. All strength testing was 
performed by the same blinded physical therapist. Sensory 
testing was performed by the same nonblinded physician. 
When considering these finding as a baseline concept, 
this would likely be compounded in older subjects with 
comorbid issues and less resilient neural systems. When 
considering these findings with respect to clinical practice, 
it is important to remember that the effects are likely to 
be compounded in older individuals with comorbid condi-
tions and less resilient neural systems. They would also 
be compounded in a patient under anesthesia unable to 
adjust position in response to discomfort and during hypo-
tensive anesthesia, causing less oxygenation to the neural 
structures that are already at a disadvantage. The results 
of this study suggest that avoiding the lateral jack-knife 
position during transpsoas lumbar surgery could decrease 
postoperative neurological symptoms. In cases in which 
the patient is required to remain in the jack-knife position 
in order to provide access to L4–5, time is of the essence to 
avoid prolonged neural stretch. Once again, in this study, 
conscious subjects began to experience sensory deficits at 
30 minutes. If the surgical case is lengthy, one might con-
sider releasing the jack-knife temporarily to allow a recov-
ery time for the neural structures. For a multilevel case, 
one might consider using the jack-knife position to access 
the L4–5 disc, then releasing the jack-knife for subsequent 
levels, allowing for release of traction to the lumbar roots.

conclusions
One hundred percent of healthy volunteers who were 

maintained in a lateral jack-knife position for 1 hour 
(Group B) exhibited variable degrees of neurapraxia in the 
nondependent lower limb during testing after the 1-hour 
session. All had motor deficits and 98% had sensory defi-
cits. These results starkly contrast with those obtained 
from the volunteers who were placed in the lateral decubi-
tus position (Group A), none of whom had any significant 
neurological signs or symptoms. These findings confirm a 
direct relationship between the lateral jack-knife position 
and transient neurapraxia in the lumbar plexus. This study 
supports the hypothesis that jack-knife positioning alone 
can contribute to postoperative neurapraxia in the nonde-
pendent (“upside”) lower limb.
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