
Lumbosacral plexus injury associated with spinopelvic dis-
sociation is considered a challenging problem that, if not 
properly treated, might lead to progressive disabilities. The 
lumbar and lumbosacral plexuses are both vulnerable to 
injury with pelvic fractures.1) Some studies have identified 
the pathogenic mechanisms of lesions to the lumbosacral 

plexus resulting from pelvic fractures, including radicular 
stretching or root avulsion.2,3) Several studies on manage-
ment of vertically unstable pelvic fractures and spinopelvic 
dissociation are available in the literature. However, the re-
ports on management of associated lumbosacral plexus in-
juries are scarce. Is it necessary to have direct neurological 
decompression or will just indirect decompression suffice? 
The final neurological recovery following open decom-
pression was noted to have almost comparable results even 
to nonoperative treatment.4)

To date, it is clear that there is no solid consensus 
among pelvic surgeons on the effect of direct neurological 
decompression in such cases. Our aim was to compare the 
efficacy of direct versus indirect decompression of lum-
bosacral plexus during spinopelvic fixation for treatment 
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of spinopelvic dissociation and the analysis of different 
factors that can influence the final outcome in both proce-
dures.

METHODS
This retrospective study was conducted after approval of 
the ethical committee of Elbank Elahly Hospital, Cairo, 
Egypt (No. 19-2022/14). The patients received an explana-
tion of the procedures and possible risks of the surgery 
and gave written informed consent. All the patients in this 
study have given their informed consent for the article to 
be published. 

The study inclusion criteria were comminuted sacral 
fractures associated with sensorimotor neurologic deficit, 
with or without bladder and/or bowel dysfunction, in pa-
tients older than 16 years old and treated by spinopelvic 
fixation either with direct or indirect neural decompres-
sion. Cases treated by using iliosacral screws were exclud-
ed from the study to standardize the procedure in all cases. 
The 16 years of age limit was chosen to exclude pediatric 
pelvic fractures, which usually have other management 
considerations. Neglected old fractures, nonunited sacral 
fractures, and revision surgeries were also not enrolled. 
Another 6 cases were also excluded due to inadequate 
follow-up data. 

From January 2013 until December 2020, 33 cases 
with lumbosacral plexus injury associated with spinopel-
vic dissociation were managed and followed up in our 
trauma center. All patients received the standard emer-

gency management according to Advanced Trauma Life 
Support guidelines in accident and emergency department 
and then referred to orthopedic department for definitive 
treatment. Once generally stabilized, all cases were man-
aged definitively by spinopelvic fixation through a midline 
posterior approach, with either direct (group 1) or indirect 
decompression (group 2), and followed up for an average 
of 12 months (range, 9–18 months). Group 1 included 18 
patients, while group 2 included 15 patients.

Patients who failed to participate in a detailed pre-
operative neurological assessment due to associated brain 
or spine injuries were not included in our study since their 
postoperative neurological status could not be accurately 
attributed to either the index trauma or iatrogenic injury. 
Patients who were not able to urinate spontaneously due 
to pain associated with the pelvic fracture were considered 
having normal urinary control so long as their perianal 
sensation and anal tone were adequate. 

Preoperative Evaluation
Neurological deficit was diagnosed on admission accord-
ing to American Spinal Injury Association (ASIA) score 
and Medical Research Council (MRC) grading scale and 
then categorized according to Gibbons’ classification (Fig. 
1A).5) Tibialis anterior and extensor hallucis longus mus-
cles were examined to assess L4 and L5 roots, respectively. 
Ankle plantar flexors were used to examine S1 root. The 
injury was considered incomplete when muscle power 
examination was recorded 2–4 on MRC scale or in case of 
isolated sensory affection on a dermatomal distribution. 

Fracture grade

Grade 1

Grade 2

Grade 3

Grade 4

Fracture

Type 1

Type 2

Type 3

Type 4

A Gibbons classification

B Roy-Camile classification

C Denis classification

Criteria

Normal

Sensory deficit

Motor deficit

Bowel and bladder dysfunction

Only flexion deformity (kyphosis angulation) on fracture site

Flexion deformity and translation of fracture

Complete anterior translation of lumbar spine and upper part of sacrum

Impaction of upper segment of sacrum due to the axial load

Fracture in sacral, lateral to the sacral foramens

Fracture through the sacral foramens, transforaminal fracture

Fracture medial to the foramens and through the canal

Criteria

Fracture

Type 1

Type 2

Type 3

Criteria

Fig. 1. (A) Gibbons’ classification. (B) Roy- 
Camile classification. (C) Denis classification.
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A needle prick sensitivity test was performed for dermato-
mal sensitivity assessment. Tendon reflexes were routinely 
tested: patellar tendon jerk for L4 root and Achilles reflex 
for S1 root.

Competency of anal sphincters by digital rectal 
examination and perianal sensation were evaluated and 
recorded in all cases. The findings were documented in 
ASIA chart including sensory, motor, and reflexes to facili-
tate the postoperative monitoring of neurological improve-
ment. Preoperative electromyogram and nerve conduction 
studies were not carried out in all patients. All fractures 
were evaluated by plain X-ray (anteroposterior, inlet, and 
outlet views of the pelvis) and fine cuts three-dimensional 
computed tomography (CT) and were classified accord-
ingly by Roy-Camille (Fig. 1B)3) and Denis classifications 
(Fig. 1C).6)

Preoperative sacral kyphosis angle was carefully 

measured to determine its reflection on the final out-
come (Fig. 2). Timing of spinopelvic fixation surgery was 
planned as an urgent procedure to avoid any unnecessary 
delay, especially in patients with incomplete neurological 
deficit. All patients received perioperative venous throm-
boembolism prophylaxis.

Surgical Technique
Surgical management was done in a single stage under 
general anesthesia. Firstly, anterior pelvic ring injury was 
usually addressed by symphyseal plate or infix spinal sys-
tem in supine position. Afterwards, posterior ring fracture 
was subsequently managed through posterior midline ap-
proach from L3 to S4 levels while the patient was in prone 
position on a radiolucent table. The skin of the lower back 
was scrubbed and draped in the ordinary manner includ-
ing both lower limbs to allow traction and fracture reduc-
tion. Soft tissue and paravertebral muscles were dissected 
subperiosteally so as to obtain an access to L4 and L5 
pedicles bilaterally. Through the same approach, an access 
above the erector spinae muscle fascia was obtained to ex-
pose the posterior superior iliac spine (PSIS) on both sides 
for iliac screw insertion.

The choice between direct and indirect decompres-
sion was almost always debatable. It was usually decided 
by each surgical team based on surgeon’s preference, clini-
cal judgment, degree of sacral canal compromise, and 
intraoperative fluoroscopic evaluation of fracture reduc-
ibility. However, there were no strict guidelines favoring 
one procedure over the other.

In group 1, direct neurological decompression and 
laminectomy were done before definitive reduction and 
fixation. Sacral fracture was exposed carefully by a spine 
surgeon (Fig. 3A). Laminectomy from L5 down to S4 was 

A B 5555

5555

Fig. 2. Preoperative measurement of initial sacral kyphosis angle in 
lateral view X-ray (A) and sagittal computed tomography (B).

A B C D

Fig. 3. (A) After direct decompression, asterisk points to gel foam covering the laminectomy. (B) Indirect decompression, showing lesser soft-tissue 
dissection. (C) Preoperative three-dimensional computed tomography of a case in group 2 showing spinopelvic dissociation. (D) Immediate postoperative 
picture showing anatomical reduction and fixation of a case in group 2 (Note: anterior infix system was added because the screws of symphyseal plate 
were loose).
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performed with preservation of L4–5 and L5–S1 facet joints 
to preserve lumbosacral junction stability and to negate 
the need of lumbosacral fusion. Bony fragments inside the 
sacral canal and neural foramina were excised as much as 
possible. Foraminal decompression starting from L4 down 
to S4 nerve root was also done to decompress all the roots 
of lumbosacral plexus especially on the affected side with 
observation and assessment of the integrity of all roots of 
lumbosacral plexus for postoperative documentation. Any 
discovered dural tears either from the trauma or iatrogenic 
tears were repaired by non-absorbable suture or muscle 
patch based on its size, location, and whether the tear was 
repairable or not. After finishing decompression, fracture 
reduction and fixation were routinely performed in the 
same way as in group 2 as described below. Final check of 
the decompression after completion of fracture reduction 
and fixation was performed by a blunt hook to assess free 
mobility of all roots.

In group 2 (Fig. 3B-D), indirect decompression 
was achieved through fracture reduction by longitudinal 
traction of both lower limbs without exploring the neu-
ral elements. During fracture reduction in both groups, 
major efforts were usually focused on reducing the sacral 
kyphosis as a main indicator of achieving good reduction. 
Longitudinal traction while both hips in extended position 
was usually beneficial to correct sacral kyphosis and re-
duce sacral shortening. Two 4.5-mm cortical screws were 
placed in the PSIS bilaterally to be used as fixation points 
for the large pelvic reduction clamp to reduce vertical dis-
placement of the injured hemipelvis and to maintain the 
reduction obtained primarily by longitudinal traction (Fig. 
4A). Once the reduction was satisfactorily checked under 
fluoroscopy, two 7-mm polyaxial screws with an appropri-
ate length (usually 60–80 mm) were placed into the PSIS 
bilaterally just below the level of the previously placed 
cortical screws. The direction of screws should usually 
aim at the anterior inferior iliac spine. The bone bed of the 
iliac polyaxial screws was nibbled by a rongeur before final 
tightening to reduce the screw head prominence in order 

to reduce postoperative wound complications.
A contoured 6-mm titanium rod was placed trans-

versely to connect the polyaxial screws’ heads. The two 
cortical screws were then removed and another two 7-mm 
polyaxial screws were put in their tapped tracks. Two 
molded titanium rods were passed through tracks made in 
the paraspinal muscle fascia. These two rods were used to 
connect the iliac screws to pedicular screws inserted in L4 
or L5 bilaterally to complete the construct assembly (Fig. 
4B). The wound was closed tightly with two layers of fas-
cial suturing, subcuticular skin sutures, and suction drain 
(Fig. 4C). Non-suction subcutaneous drain was used in 
case of associated dural tears repaired by muscle patch.

Postoperative Care
Patients were instructed about the wound care and ad-
vised to avoid prolonged supine position in order to de-
crease wound complications related to screws prominence. 
Wounds were followed up weekly until complete healing. 
Non-weight-bearing protocol continued for 2 weeks, then 
gradual partial to full weight-bearing started as tolerated 
based on the status of associated injuries. Radiographs 
including lumbosacral and pelvic views were taken imme-
diately postoperatively and monthly in the first 3 months 
to assess union and fulfill Matta radiological scoring for 
quality of fracture reduction. Follow-up assessment in-
cluded wound status, neurological status, range of motion 
of the affected limb, and progression of union. Functional 
assessment was evaluated in every visit by Majeed7) and 
neurological improvement was assessed by Gibbons’ crite-
ria.

Instrumentation Removal
In our protocol, posterior instrumentation removal was 
planned on average 12 months after the index surgery 
since primary spinopelvic fusion was not performed. In 
patients who had anterior infix for anterior ring stabiliza-
tion, removal of the infix was routinely performed 3–6 
months after the index surgery. All patients consented to 

CA B

Fig. 4. (A) The use of a pelvic reduction 
clamp in reduction of posterior ring 
fracture. (B) A model of implant assembly 
in preoperative planning. (C) One of 
the cases showing wound status after 
indirect decompression with good fascial 
coverage over the hardware.
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the removal surgery from the beginning. The implant re-
moval surgery was done after complete fracture union was 
confirmed clinically and radiologically by plain X-ray or 
CT.

Statistical Analysis
IBM SPSS statistics ver. 26.0 (IBM Corp., Armonk, NY, 
USA) was used for data analysis. Data were expressed as 
median and percentiles for quantitative nonparametric 
measures, in addition to both number and percentage for 
categorized data. Interquartile range (IQR) is the 25–75 
percentile range. The following tests were done: (1) com-
parison between two independent groups for nonpara-
metric data using Wilcoxon Rank Sum test and (2) chi-

square test to study the association between two variables 
or compare the two independent groups with regard to 
the categorized data. The probability of error at 0.05 was 
considered significant, while at 0.01 and 0.001 was highly 
significant.

RESULTS
Perioperative Data
The data illustrated in Table 1 showed the perioperative 
and demographic records of both groups. The median age 
in both groups was 30 years (IQR: group 1, 25–38; group 
2, 27–33). Group 1 included 6 women (33.3%) and 12 
men (66.7%), while group 2 included 3 women (20%) and 

Table 1. Analysis of Significance of Different Factors by Wilcoxon Rank-Sum Test

Variable Group* Median (IQR) Z p-value Significance

Age (yr) 1 30 (25–38) –0.327 0.744 NS

2 30 (27–33)

Delay to surgery (day) 1 2 (1–3) –1.023 0.307 NS

2 2 (2–3)

Operative time (min) 1 180 (160–180) –3.891 0 HS

2 120 (120–140)

Majeed score 1 80 (76–88) –0.165 0.869 NS

2 78 (77–85)

Residual Gibbons’ score 1 1 (1–2) –1.264 0.206 NS

2 2 (1–2)

Follow-up period (mo) 1 12 (9–12) –1.398 0.162 NS

2 12 (12–18)

Fracture union (mo) 1 9 (8–10) –1.332 0.183 NS

2 8 (8–8)

Implant removal (mo) 1 12 (6–12) –1.707 0.088 NS

2  12 (12–12)

Roy-Camille type 1 2.5 (2–3) –0.573 0.567 NS

2  3 (2–3)

Initial sacral fracture kyphosis angle (°) 1 32.5 (0–45) –0.277 0.782 NS

2 30 (0–55)

Residual sacral fracture kyphosis angle (°) 1  9 (0–20) –0.111 0.912 NS

2 15 (0–15)

IQR: interquartile range, NS: not significant, HS: highly significant.
*Group 1: n = 18, Group 2: n = 15.
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12 men (80%). Falling from a height was the mechanism 
of injury in 12 patients (66.7%) in group 1 and 9 patients 
(60%) in group 2, while road traffic accident was the 
mechanism of injury in 6 patients (33.3%) in group 1 and 
6 patients (40%) in group 2. The neurological injury was 
incomplete in 6 out of 18 patients (33%) in group 1 and 3 
out of 15 patients (20%) in group 2. 

In group 1, preoperative Gibbons’ score was 3 in 15 
patients (83.3%) and 4 in 3 patients (16.7%). In group 2, 
preoperative Gibbons’ score was 3 in 12 patients (80%) and 
4 in 3 patients (20%) with insignificant difference between 
both groups. The median Roy-Camille type was 2.5 (IQR, 
2–3) in group 1 and 3 (IQR, 2–3) in group 2. The median 
preoperative sacral kyphosis was 32.5° (IQR, 0°–45°) in 
group 1 and 30° (IQR, 0°–55°) in group 2, while the me-
dian residual postoperative kyphosis following reduction 
was 9° (IQR, 0°–20°) in group 1 and 15° (range, 0°–15°) in 
group 2.

No displacement in the reduction at the final follow-
up was reported in any of our cases in both groups when 
compared to the immediate postoperative radiographs. 
Group 1 had a significantly higher rate of deep wound 
infections: 6 patients (33.3%) in group 1 compared to 0 
patient in group 2. Those cases were managed by serial 
debridement, wound cultures, vacuum-assisted closure 
(VAC) therapy, and antibiotic regimen. The antibiotics 
were based on culture results and continued until quan-
titative C-reactive protein became normal (average, 4–12 
weeks). Moreover, those patients were advised to avoid 
prolonged supine position in bed. Instrumentation was 
retained in all these cases and the wounds healed properly 
without the need of early implant removal in any case.

Three cases in group 1 had dural tears (2 iatrogenic 
and 1 traumatic) and were managed by 6–0 (Prolene or 
Vicryl) sutures in 2 cases. Muscle patch was used in 1 case 
that had a large lacerated side tear that could not be su-
tured. This case developed postoperative pseudo-menin-
gocele 6 weeks after surgery and was managed by debride-
ment, lumbar cerebrospinal fluid (CSF) drain, and another 
muscle patch. Four cases (22.2%) in group 1 complained 
of implant prominence, which was annoying especially 
after prolonged sitting. 

Group 2 did not encounter deep wound infections 
or dural tears since the spinal canal was basically not 
violated; however, implant prominence was recorded in 
3 patients (20%). In both groups, the median timing of 
surgical intervention following hospital admission was 48 
hours (IQR, 24–72 hours) except in 3 patients whose gen-
eral condition and associated injuries did not permit early 
intervention.

Soft-tissue injury in the form of Morel-Lavallee le-
sions was encountered in 5 patients (2 in group 1 and 3 
in group 2) and was managed during surgery by debride-
ment and VAC therapy. Unilateral L5–S1 facet injury was 
recorded in 5 cases (3 in group 1 and 2 in group 2). No 
primary fusion surgery was performed in any of these cas-
es. Our protocol was to avoid primary fusions in trauma 
patients and to plan for removal of implant after complete 
fracture union to allow restoration of lumbosacral move-
ment.

The final Majeed pelvic score in the last follow-
up visit showed insignificant difference between the two 
groups (p = 0.869). The median Majeed score was 80 (IQR, 
76–88) in group 1 and 78 (IQR, 77–85) in group 2. It was 
excellent (> 84%) in 6 cases (33.3%) in group 1 and 6 cases 
(40%) in group 2. The remaining cases in both groups had 
good score (70%–84%). The worst outcome was recorded 
in 6 patients (3 in each group). It was noticed that patient 
dissatisfaction in both groups was basically related to one 
or more of the following factors: incomplete recovery of 
neurological deficit with residual motor weakness and/
or bladder incontinence, prominent painful implants, 
and partial or total erectile dysfunction in men. In both 
groups, Majeed score was significantly better in these 
cases: younger age (< 34 years), women, Tile C2 fractures, 
Roy-Camille type 1 and 2 fractures, 1 or 2 final postopera-
tive Gibbons’ score, < 35° preoperative sacral kyphosis 
angle, and < 15° residual sacral kyphosis angle.

Wound-related problems including wound dehis-
cence, deep infections, implant prominence, dural tears, 
and Morel-Lavallee lesions had insignificant effect on the 
final functional outcome in both groups. Preoperative 
Gibbons’ score and presence of unilateral L5–S1 facet in-
jury did not have significant effect on the final outcome as 
well. The median operative time was significantly higher 
in group 1 (180 minutes; IQR, 160–220) than in group 2 
(120 minutes; IQR, 120–140 minutes). Table 2 illustrates 
the difference between major variables in both groups.

In the preoperative CT report, 6 cases (33.3%) in 
group 1 were recorded to have bone fragments in the 
spinal canal compared to 6 cases (40%) in group 2. This 
factor significantly affected the final outcome in group 1: 
all the 3 cases who did not accomplish full neurological 
recovery were among this group although they had direct 
neurological decompression. On the contrary, this vari-
able did not have any significance in the outcome in group 
2 because all the cases that had bone fragments near the 
neural elements achieved full neurological recovery while 
the 3 cases that failed to gain full neurological recovery did 
not have bone fragments in the spinal canal.
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Table 2. Difference between Groups in Main Variables

Variable Group 1 Group 2 Total Pearson chi-square test (p-value)

Neurologic recovery 0.061 (0.805)

   No 3 (16.7) 3 (20.0) 6 (18.2)

   Yes 15 (83.3) 12 (80.0) 27 (81.8)

   Total 18 (100.0) 15 (100.0) 33 (100.0)

Deep wound infection 6.111 (0.013)

   No 12 (66.7) 15 (100.0) 27 (81.8)

   Yes 6 (33.3) 0 6 (18.2)

   Total 18 (100.0) 15 (100.0) 33 (100.0)

Matta X-ray score 8.871 (0.012)

   Excellent 11 (61.1) 6 (40.0) 17 (51.5)

   Fair 7 (38.9) 3 (20.0) 10 (30.3)

   Good 0 6 (40.0) 6 (18.2)

   Total 18 (100.0) 15 (100.0) 33 (100.0)

Bone fragments in spinal canal 0.157 (0.692)

   No 12 (66.7) 9 (60.0) 21 (63.6)

   Yes 6 (33.3) 6 (40.0) 12 (36.4)

   Total 18 (100.0) 15 (100.0) 33 (100.0)

Values are presented as number (%).

Table 3. Correlation between Neurologic Recovery and Other Variables among All Cases by Wilcoxon Rank-Sum Test

Variable Neurologic 
recovery* Median (IQR) Z p-value Significance

Delay to surgery (day) No 2 (1–3)

Yes 2 (2–3) –0.44 0.66 NS

Surgery duration (min) No 170 (120–220)

Yes 140 (120–180) –0.655 0.512 NS

Majeed score No 71 (70–72)

Yes 82 (78–88) –3.839 0.0 HS

Roy Camille type No 3 (3–3)

Yes 2 (2–3) –1.33 0.183 NS

Initial fracture kyphosis angle (°) No 52.5 (30–60)

Yes 30 (0–45) –2.049 0.04 S

Residual fracture kyphosis angle (°) No 20 (13.25–20)

Yes 5 (0–15) –2.122 0.034 S

IQR: interquartile range, NS: not significant, HS: highly significant, S: significant.
*Case with no neurologic recovery: 6, Case that gained neurologic recovery: 27.
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Neurological Recovery
Full neurological recovery was recorded if the last-visit 
Gibbons’ score was 1. In a few cases (2 patients among the 
whole series), isolated mild patchy dermatomal sensory 
deficits that were detected by meticulous neurological 
examination and did not affect patient’s satisfaction were 
also considered a complete recovery. Full neurological 
recovery was achieved in 15 patients (83.3%) in group 1 
and 12 patients (80%) in group 2 with insignificant differ-
ence between the groups. Table 3 illustrates the correlation 
between neurologic recovery and other variables in both 
groups.

Regarding the 3 cases (16.7%) in group 1 who did 
not gain full neurological recovery, they were documented 

to have incomplete neurological injury on admission. The 
initial Gibbons’ score for them was 3. All of the 3 cases 
were men with a mean age of 49 years. They all had a fall 
from height injury (> 6 m), Roy-Camille type 3, and De-
nis III sacral fractures. They were all operated within 24 
hours after admission with an average operative time of 
200 minutes (range, 180–220 minutes). All of them did 
not have dural tears or postoperative wound complica-
tions. The quality of reduction in postoperative X-rays was 
fair according to Matta radiological score. All of them had 
preoperative sacral kyphosis > 50° and postoperative re-
sidual kyphosis > 19°. They all had bone fragments inside 
the spinal canal in preoperative CT and had direct decom-
pression of spinal canal and neural foramina by a spine 

Table 4. The Effect of Main Variables on Neurologic Recovery in Both Groups Together

Variable
Neurologic recovery

Total Pearson chi-square test (p-value)
No Yes

Sex 2.750 (0.097)

   Female 0 9 (33.3) 9 (27.3)

   Male 6 (100.0) 18 (66.7) 24 (72.7)

   Total 6 (100.0) 27 (100.0) 33 (100.0)

Mode of trauma 4.190 (0.041)

   Falling from a height 6 (100.0) 15 (55.6) 21 (63.6)

   Road traffic accident 0 12 (44.4) 12 (36.4)

   Total 6 (100.0) 27 (100.0) 33 (100.0)

Preoperative neurologic deficit 1.910 (0.167)

   Complete 3 (50.0) 21 (77.8) 24 (72.7)

   Incomplete 3 (50.0) 6 (22.2) 9 (27.3)

   Total 6 (100.0) 27 (100.0) 33 (100.0)

Initial Gibbon's score 1.630 (0.202)

   Grade 3 6 (100.0) 21 (77.8) 27 (81.8)

   Grade 4 0 6 (22.2) 6 (18.2)

   Total 6 (100.0) 27 (100.0) 33 (100.0)

Matta score 16.867 (0.000)

   Excellent 0 17 (63.0) 17 (51.5)

   Good 0 6 (22.2) 6 (18.2)

   Fair 6 (100.0) 4 (14.8) 10 (30.3)

   Total 6 (100.0) 27 (100.0) 33 (100.0)

Values are presented as number (%).
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surgeon.
In contrast, the 3 cases (20%) in group 2 that did not 

achieve neurological recovery were documented to have 
complete neurological injury on admission. Moreover, all 
of them were men with a mean age of 39 years and pre-
operative Gibbons’ score of 3. They also had a fall from 
height injury (> 6 m), Roy-Camille type 3, and Denis III 
fractures. They were all operated within 72 hours after ad-
mission and the average surgery duration was 140 minutes 
(range, 120–160 minutes). The quality of reduction on 
postoperative X-rays for those 3 patients was fair accord-
ing to Matta score and there were no recorded dural tears 
or postoperative wound complications. Additionally, pre-
operative sacral kyphosis was ≥ 30° and residual sacral ky-
phosis was > 12°. None of the 3 cases had bone fragments 
in the spinal canal in their preoperative CT. Table 4 shows 
the effect of main variables on the neurological recovery in 
both groups.

DISCUSSION
Spinopelvic dissociation is frequently associated with neu-
rological injury ranging from sensory, motor foot drop 
to complete Cauda equina syndrome.8) The injuries that 
may cause neurological deficit result from compression, 
traction, and root avulsions.9) Compression may occur as 
a result of fracture hematoma that compresses the lumbo-
sacral trunk.9,10) Root avulsion is less common and usually 
seen with more severe pelvic and sacral fractures.11-13) sac-
roiliac fracture and/or dislocation associated with an L5 
transverse process fracture may also result in an L5 nerve 
root tractioninjury.14)

Interestingly, the final neurological recovery achieved 
after direct decompression was reported to be almost com-
parable to nonoperative treatment in some studies.4) In 
fact, neurological improvement is expected in up to 83% 
of patients regardless of operative or conservative manage-
ment.4,8,15,16) It could be due to the hypothesis claiming that 
the severity of the primary neurological insult and the suc-
cess of fracture reduction are the principal determinants of 
the neurological improvement. 

The adoption of the indirect decompression tech-
nique was similar among some studies describing the 
management of thoracolumbar burst fractures by indirect 
decompression and fixation without laminectomy.17-22) 
They showed that there was no difference in the final neu-
rological recovery following direct or indirect decompres-
sion because the neurological damage occurred mainly at 
the moment of the primary injury and not due to second-
ary injury by the retained bone fragments in the spinal 

canal. Furthermore, there was a spontaneous remodel-
ing potential of the spinal canal that cleared all the bone 
fragments with time.23) Despite the obvious management 
differences between thoracolumbar fractures and sacral 
fractures, the same idea probably can be used to explain 
the results in our study. 

In sacral fractures with neurological injury, some 
studies mentioned that nonoperative management re-
sulted in a neurological improvement similar to the results 
obtained with surgical management. However, the residual 
long-term complaints with conservative treatment were 
very frequent compared to operative management.15) We 
speculate that the complaints with conservative manage-
ment of sacral fractures are more likely related to the frac-
ture malunion and lumbopelvic instability rather than the 
failure to recover the neurological injury. This instability 
is frequently attributed to the imperfect fracture reduc-
tion and excessive residual sacral kyphosis. Hence, this can 
explain the better functional outcomes and patient satis-
faction obtained with surgical management even though 
the rate of neurological recovery was almost the same in 
operative and conservative management. 

In our current practice, spinopelvic dissociation 
with neurological injury is almost always treated surgically 
in order to allow early weight-bearing and rehabilitation. 
However, the surgeon must evaluate on a case by case basis 
to decide direct or indirect decompression. Some surgeons 
often try to obtain indirect decompression by good frac-
ture reduction to correct sacral kyphosis at the beginning 
of the surgery. If that could not be achieved, they would 
proceed to direct decompression as a trial to improve the 
outcome.

In his series, Ayoub24) reported an overall 96.5% of 
partial or complete neurological recovery after direct or 
indirect decompression. In his algorithm, direct decom-
pression was done for patients who had bone fragments 
in the spinal canal whether their neurologic deficit was 
complete or incomplete. However, the patients who were 
treated by indirect decompression showed a significantly 
better final functional outcome. In our series, full neuro-
logical recovery was achieved in 15 patients (83.3%) in the 
direct decompression group and 12 patients (80%) in the 
indirect decompression group with no significant differ-
ence in the final functional outcome between both groups.

In our study, the poor outcome in neurological im-
provement was reported in 3 cases (16.7%) in the direct 
decompression group and 3 cases (20%) in the indirect 
decompression group. It was evident that those 6 cases 
had severely displaced sacral fractures with initial sacral 
kyphosis ≥ 30°. They also had poor fracture reduction 
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according to Matta radiological score with postoperative 
sacral kyphosis > 12°. This is similar to another study,15) 
which mentioned that 80% of the cases with initial Gib-
bons types III and IV injuries were related to initial ky-
phosis angles more than 40° (range, 43°–60°). Based on 
the results in our series, we also suggest that the residual 
postoperative sacral kyphosis and the quality of fracture 
reduction had greater impact on the neurological recovery 
than direct decompression.

All the 3 cases in the direct decompression group 
that failed to achieve full neurological recovery had loose 
bone fragments inside the spinal canal that were detected 
in preoperative CT and were excised during direct de-
compression. Nevertheless, the Gibbons’ score of those 3 
cases did not improve at the final follow-up. In contrast, 
none of the 3 cases in the indirect decompression group 
who did not achieve neurological improvement had bone 
fragments in the spinal canal. Hence, the common factors 
in both groups likely linked to failure of neurological im-
provement were mainly the initial and postoperative sacral 
kyphosis angle and the quality of reduction rather than the 
type of decompression itself. The often-held belief that the 
removal of loose bone fragments inside the spinal canal 
is a key step for neurological recovery16,24) is probably not 
consistent with the satisfactory outcomes obtained with 
both indirect decompression in our study and conserva-
tive management in other studies.4,8,15,16) In our study, the 
6 patients in the indirect decompression group who had 
loose bone fragments in the spinal canal entirely achieved 
full neurological recovery.

Several studies showed that the timing of surgical 
intervention was important to gain neurological recovery, 
especially if it was done within 24–72 hours after inju-
ry.16,24-26) In our study, 30 patients had surgery within 24–72 
hours, while only 3 patients in the indirect decompression 
group underwent surgery 96 hours after admission be-
cause they had associated thoracic and brain injuries that 
delayed their surgical interference. Those 3 patients did 
not have disturbed conscious levels on admission, so they 
were included in our study. The factor of timing of surgical 
intervention needs further analysis to determine its actual 
effect on neurological recovery.

In one study, indirect decompression showed better 
functional outcome compared to direct decompression.24) 
In contrast, in our study, the final Majeed score showed no 
significant difference between the two groups. The poor 
outcome was usually related to incomplete neurological 
recovery in Roy-Camille 3 and Denis III fractures and that 
was consistent with other studies in literature.3,27)

Primary posterolateral fusion of the associated in-

jury of L5–S1 facet was proposed in one study.24) In our 
practice, avoiding primary L5–S1 fusion in spinopelvic 
dissociation was adopted. It was because our objective was 
to restore the normal lumbosacral and sacroiliac move-
ment after removal of instrumentation. Unnecessary 
lumbosacral fusion is believed to have adverse effects on 
the biomechanics of the hip and sacroiliac joints and may 
affect the long-term functional outcome.

Despite the benefits and robustness of spinopelvic 
fixation construct, the associated wound-related problems 
are recorded to be high in most studies.16,28,29) This risk 
seems to be even higher with direct decompression due 
to longer operative time, more soft-tissue dissection and 
possible CSF leakage if dural tears are encountered. In our 
study, the direct decompression group had a higher rate 
of deep wound infections (p = 0.013): 6 patients (33.3%) 
compared to no patient in the indirect decompression 
group. Nevertheless, deep wound infections and Morel-
Lavallee lesions did not have significant effect on the final 
Majeed score in both groups, which was similar to other 
studies.24,30,31)

Implant prominence was documented in 4 cases 
(22.2%) in the direct decompression group and 3 cases 
(20%) in the indirect decompression group. This was 
the commonest complication in all studies dealing with 
spinopelvic fixation16,32-34) and more frequent in thin 
patients due to the lack of soft-tissue coverage over the 
instrumentation. Another comparative study34) suggested 
percutaneous spinopelvic fixation to reduce the high rate 
of wound-related complications. While comparing open 
and percutaneous fixation, they noticed that one of the 
patients who had bilateral L4 motor weakness achieved 
full recovery after having only indirect decompression 
while another patient with bladder incontinence did not 
improve at all although sacral laminectomy and open de-
compression were performed. 

The strength of the current study lies in compar-
ing two homogenous groups of patients. All patients had 
neurological deficit due to posterior pelvic ring injury and 
all were treated with the same fixation method (spinopel-
vic fixation) whether with direct or indirect decompres-
sion. Other studies in literature included case reports,35) 
nonoperative management of such injuries,4)management 
of similar injuries with main emphasis on electrodiagno-
sis,14) management of these injuries by iliosacral screws,36) 
general evaluation of spinopelvic fixation for sacral frac-
tures,34,37,38) isolated assessment of direct decompression 
surgery,16,39) and general assessment of open decompres-
sion without addressing the difference between direct and 
indirect decompression.24)
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However, this study obviously has the common limi-
tations of the retrospective nature, and perhaps a random-
ized controlled prospective study with a larger sample size 
and various demographics would add more understanding 
of the current results. Timing of the surgical intervention 
needs to be researched to determine its influence on the 
final neurological recovery. The spinopelvic fixation pro-
vides a viable option for treatment of spinopelvic dissocia-
tions with lumbosacral neurological injury. Restoration 
of lumbosacropelvic stability and anatomical reduction 
seem to be the cornerstone for better functional outcome 
and neurological recovery. Indirect decompression with 
anatomical reduction achieved similar final functional 
outcome and neurological recovery comparable to direct 
decompression even in the presence of bone fragments in-
side the sacral canal. In addition, indirect decompression 
seems to have a lesser operative time and consequently, a 

lesser rate of wound-related complications.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was 
reported.

ACKNOWLEDGEMENTS
We thank Michael A. Hanna for his valuable advice and 
revision of the manuscript and Rabab M. Abd Elmonaem 
for her support for this research project.

ORCID
Eslam A. Elsherif https://orcid.org/0000-0001-8105-9714
Morad O. Mokhtar https://orcid.org/0000-0003-2726-2249

REFERENCES

1. Chiou-Tan FY, Kemp K Jr, Elfenbaum M, Chan KT, Song J. 
Lumbosacral plexopathy in gunshot wounds and motor ve-
hicle accidents: comparison of electrophysiologic findings. 
Am J Phys Med Rehabil. 2001;80(4):280-5.

2. Huittinen VM. Lumbosacral nerve injury in fracture of the 
pelvis: a postmortem radiographic and patho-anatomical 
study. Acta Chir Scand Suppl. 1972;429:3-43.

3. Denis F, Davis S, Comfort T. Sacral fractures: an important 
problem: retrospective analysis of 236 cases. Clin Orthop 
Relat Res. 1988;227:67-81.

4. Phelan ST, Jones DA, Bishay M. Conservative management 
of transverse fractures of the sacrum with neurological 
features: a report of four cases. J Bone Joint Surg Br. 1991; 
73(6):969-71.

5. Gibbons KJ, Soloniuk DS, Razack N. Neurological injury 
and patterns of sacral fractures. J Neurosurg. 1990;72(6): 
889-93.

6. Roy-Camille R, Saillant G, Gagna G, Mazel C. Transverse 
fracture of the upper sacrum: suicidal jumper’s fracture. 
Spine (Phila Pa 1976). 1985;10(9):838-45.

7. Majeed SA. Grading the outcome of pelvic fractures. J Bone 
Joint Surg Br. 1989;71(2):304-6.

8. Gribnau AJ, van Hensbroek PB, Haverlag R, Ponsen KJ, 
Been HD, Goslings JC. U-shaped sacral fractures: surgical 
treatment and quality of life. Injury. 2009;40(10):1040-8.

9. Ebraheim NA, Lu J, Biyani A, Huntoon M, Yeasting RA. 
The relationship of lumbosacral plexus to the sacrum 
and the sacroiliac joint. Am J Orthop (Belle Mead NJ). 

1997;26(2):105-10.

10. Atlihan D, Tekdemir I, Ates Y, Elhan A. Anatomy of the an-
terior sacroiliac joint with reference to lumbosacral nerves. 
Clin Orthop Relat Res. 2000;(376):236-41.

11. Sidhu JS, Dhillon MK. Lumbosacral plexus avulsion with 
pelvic fractures. Injury. 1991;22(2):156-8.

12. Chin CH, Chew KC. Lumbosacral nerve root avulsion. In-
jury. 1997;28(9-10):674-8.

13. Kolawole TM, Hawass ND, Shaheen MA, Badr AH, Rah-
man NU. Lumbosacral plexus avulsion injury: clinical, 
myelographic and computerized tomographic features. J 
Trauma. 1988;28(6):861-5.

14. Chiodo A. Neurologic injury associated with pelvic trauma: 
radiology and electrodiagnosis evaluation and their rela-
tionships to pain and gait outcome. Arch Phys Med Rehabil. 
2007;88(9):1171-6.

15. Siebler JC, Hasley BP, Mormino MA. Functional outcomes 
of Denis zone III sacral fractures treated nonoperatively. J 
Orthop Trauma. 2010;24(5):297-302.

16. Schildhauer TA, Bellabarba C, Nork SE, Barei DP, Routt ML 
Jr, Chapman JR. Decompression and lumbopelvic fixation 
for sacral fracture-dislocations with spino-pelvic dissocia-
tion. J Orthop Trauma. 2006;20(7):447-57.

17. Zhang Z, Chen G, Sun J, et al. Posterior indirect reduction 
and pedicle screw fixation without laminectomy for Denis 
type B thoracolumbar burst fractures with incomplete neu-
rologic deficit. J Orthop Surg Res. 2015;10:85.

https://orcid.org/0000-0001-8105-9714
https://orcid.org/0000-0003-2726-2249


12

Elsherif and Mokhtar. Direct versus Indirect Lumbosacral Root Decompression in Sacral Fractures
Clinics in Orthopedic Surgery • Vol. 15, No. 1, 2023 • www.ecios.org

18. Kong W, Sun Y, Hu J, Xu J. Modified posterior decom-
pression for the management of thoracolumbar burst 
fractures with canal encroachment. J Spinal Disord Tech. 
2010;23(5):302-9.

19. Dai LY, Jiang LS, Jiang SD. Posterior short-segment fixation 
with or without fusion for thoracolumbar burst fractures. 
a five to seven-year prospective randomized study. J Bone 
Joint Surg Am. 2009;91(5):1033-41.

20. Ayvaz M, Alanay A, Acaroglu RE. Minimal invasive short 
posterior instrumentation plus balloon kyphoplasty with 
calcium phosphate for burst and severe compression lumbar 
fractures. Spine (Phila Pa 1976). 2009;34(22):2473. 

21. Leferink VJ, Nijboer JM, Zimmerman KW, Veldhuis EF, ten 
Vergert EM, ten Duis HJ. Burst fractures of the thoracolum-
bar spine: changes of the spinal canal during operative treat-
ment and follow-up. Eur Spine J. 2003;12(3):255-60.

22. Boerger TO, Limb D, Dickson RA. Does ‘canal clearance’ 
affect neurological outcome after thoracolumbar burst frac-
tures? J Bone Joint Surg Br. 2000;82(5):629-35.

23. Daniel SM, Puranik RG, Pokharna AA. Spinal canal remod-
eling in operated cases of thoracolumbar fractures. IJSS J 
Surg. 2016;2(6):27-30.

24. Ayoub MA. Displaced spinopelvic dissociation with sacral 
cauda equina syndrome: outcome of surgical decompres-
sion with a preliminary management algorithm. Eur Spine J. 
2012;21(9):1815-25.

25. Soultanis K, Karaliotas GI, Mastrokalos D, Sakellariou 
VI, Starantzis KA, Soucacos PN. Lumbopelvic fracture-
dislocation combined with unstable pelvic ring injury: 
one stage stabilisation with spinal instrumentation. Injury. 
2011;42(10):1179-83.

26. Robles LA. Transverse sacral fractures. Spine J. 2009;9(1):60-9.

27. Yi C, Hak DJ. Traumatic spinopelvic dissociation or U-
shaped sacral fracture: a review of the literature. Injury. 
2012;43(4):402-8.

28. Bellabarba C, Schildhauer TA, Vaccaro AR, Chapman JR. 
Complications associated with surgical stabilization of high-
grade sacral fracture dislocations with spino-pelvic instabil-
ity. Spine (Phila Pa 1976). 2006;31(11 Suppl):S80-8.

29. Lindahl J, Hirvensalo E. Outcome of operatively treated 
type-C injuries of the pelvic ring. Acta Orthop. 2005;76(5): 
667-78.

30. Kellam JF, McMurtry RY, Paley D, Tile M. The unstable pel-
vic fracture: operative treatment. Orthop Clin North Am. 
1987;18(1):25-41.

31. Steiner CL, Trentz O, Labler L. Management of Morel-
Lavallee lesion associated with pelvic and/or acetabular 
fractures. Eur J Trauma Emerg Surg. 2008;34(6):554-60.

32. Pohlemann T, Gansslen A, Schellwald O, Culemann U, 
Tscherne H. Outcome after pelvic ring injuries. Injury. 
1996;27 Suppl 2:B31-8.

33. Avadhani A, Shetty AP, Rajasekaran S. Pediatric trans-
verse sacral fracture with cauda equina syndrome. Spine J. 
2010;10(2):e10-3.

34. Williams SK, Quinnan SM. Percutaneous lumbopelvic 
fixation for reduction and stabilization of sacral fractures 
with spinopelvic dissociation patterns. J Orthop Trauma. 
2016;30(9):e318-24.

35. Vilela MD, Jermani C, Braga BP. Lumbopelvic fixation and 
sacral decompression for a U-shaped sacral fracture: case 
report. Arq Neuropsiquiatr. 2007;65(3B):865-8.

36. Tonetti J, Cazal C, Eid A, et al. Neurological damage in pel-
vic injuries: a continuous prospective series of 50 pelvic in-
juries treated with an iliosacral lag screw. Rev Chir Orthop 
Reparatrice Appar Mot. 2004;90(2):122-31.

37. Elsherif EA, Shoulah SA, Farag HE, Khalil SA. Clinical, 
functional and radiological outcome of spinoplevic fixa-
tion in patients with vertically unstable pelvic fractures: 
a prospective study of 40 cases. Int J Psychosoc Rehabil. 
2020;24(5):4066-75.

38. Mirzashahi B, Farzan M, Sadat M, Zarei M, Habibollahzade 
P. Surgical treatment of sacral fractures: a case series study. J 
Orthop Spine Trauma. 2015;1(1):e2061.

39. Xie YL, Cai L, Ping AS, et al. Lumbopelvic fixation and 
sacral decompression for U-shaped sacral fractures: surgi-
cal management and early outcome. Curr Med Sci. 2018; 
38(4):684-90.


