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CASE REPORT

Congenital agenesis of lumbo‑sacral 
pedicles with associated anomalies: case 
report with an emphasis on the use of O‑arm, 
navigation in the management with literature 
review
Bharat Dave, Devanand Degulmadi*  , Ajay Krishnan, Shivanand Mayi, RaviRanjan Rai, Aditya Raj and 
Umesh Meena 

Abstract 

Background:  Congenital spinal pedicle agenesis is rare. The majority of cases are asymptomatic. Few present with 
either low back pain or radiculopathy. Pedicle screw insertion may pose difficulties in view of abnormal anatomy.

Case presentation:  Between Jan 2005 to March 2021, all the data was retrospectively reviewed for the cases oper-
ated for congenital anomalies. Three such cases were operated. Case 1 had bilateral agenesis of L5 vertebra with an 
ectopic kidney in right iliac fossa, absent uterus, absent ovaries and vaginal atresia. Case 2 had absent S1 pedicle with 
conjoint left L5 nerve root. Case 3 had hypoplastic left L5 pedicle, contained disc herniation, facetal arthropathy. Pedi-
cle screws were placed using O-arm and navigation.

Conclusion:  Pedicle agenesis increases the difficulty in pedicle screw fixation and fusion. Anomalous facet and con-
joint nerve root need to be looked for intra-operatively. Use of O-arm and CT navigation is of great help in getting safe 
and accurate anchor points for screw placement avoiding neurological injury.
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Background
Congenital hypoplasia and agenesis of the spinal pedicle 
is an uncommon entity. Cervical and thoracic spine are 
more commonly reported than lumbar or sacral pedi-
cles [1–6]. Pedicle agenesis has specific radiographic fea-
tures: a false appearance of an enlarged neural foramen; 
a dysplastic, dorsally displaced ipsilateral articular pillar 
and lamina; and a dysplastic ipsilateral transverse pro-
cess [5]. The majority of cases with an absence or hypo-
plasia of the lumbosacral pedicles are asymptomatic [4, 
7]. Few of them can present with either low back pain or 

radiculopathy [7, 8]. Computed tomography (CT) is pre-
ferred diagnostic modality [5, 9]. Pedicle screw insertion 
may pose difficulties. We present 3 cases of pedicle agen-
esis in lumbo-sacral spine with associated anomalies. We 
also discuss the intra-operative challenges encountered 
and the role of O-arm and navigation in surgical manage-
ment of these cases.

Case presentation
Between Jan 2005 to March 2021, all the data was retro-
spectively reviewed for the cases operated for congenital 
anomalies. Data was retrieved for cases with agenesis of 
lumbo-sacral pedicles from the records and presented 
here.
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Case 1
A 44 year old female presented to us with symptoms of 
low back pain since few years. She had an electric shock 
injury 2 months back followed by which she sustained an 
injury to her back and had severe back pain. Inspite of 
taking 2 months of medical treatment and bed rest, she 
did not get relief and her mechanical back pain worsened. 
Sleep was disturbed. On examination she had tenderness 

over upper and lower lumbar spine. Neurology and distal 
vascularity was normal. Plain radiography showed wedge 
compression fracture of L2, bilateral absent pedicles of 
L5 with L5-S1 anterolisthesis (Fig. 1a). MRI further con-
firmed the findings. An ectopic kidney was seen in right 
iliac fossa (Fig.  1b). CT showed L5-S1 anterolisthesis, 
bilateral absent L5 pedicles, hypoplastic transverse pro-
cess, absent posterior elements (Fig.  2 a, b, d). Further 

Fig. 1  a Plain radiographs of case 1 depicting wedge compression of L2 vertebra and dysplastic anterolisthesis of L5 over S1. The pedicles of L5 
vertebra are absent bilaterally. There is some opening up of L2 fracture as visualized on flexion–extension radiographs. b MRI of the same patient 
showing corroborative findings. Two nerve roots can be seen passing through the neural foramen. Also noted is ectopic location of kidney in the 
pelvis
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investigations of ultrasound abdomen showed absent 
uterus, absent ovaries and vaginal atresia.

As the patient had severe mechanical back pain with 
chronic history of back pain, surgery was planned after 
detailed counselling and consent was taken. Surgery for 
non union of L2 fracture as well as L5-S1 anterolisthe-
sis was planned. Intra-operatively the following findings 
were noted—Posterior elements of L4 lamina, facet joint 
of L4-5 and transverse process were hypoplastic (Fig. 2c). 
Pedicle screws were placed in L1-3 for stabilisation of 
fracture L2 and L4, S1 under the guidance of O-arm 
and navigation. L5-S1 interbody fusion was performed 
with autologous bone graft from L5 lamina. Gentle and 
thorough preparation of end-plates of performed as L5 

vertebral body was unstable. Post-op imaging showed 
proper placement of screws and bone graft for fusion. 
Patient was mobilised on the 2nd post-op day and dis-
charged on 4th post-op day. She had good relief of her 
mechanical back pain during follow-up visits.

Case 2
A 26-year-old male patient presented with lower back 
pain of 6 months duration and left-sided acute S1 radicu-
lopathy for 15 days. ADL was restricted, with significant 
disability on walking for 5–10 min. Physical examination 
revealed positive Lasegue sign on left side with S1 hypo-
aesthesia without any motor deficit. Plain radiographs 
were noted to have facet joint abnormality on left L5-S1 

Fig. 2  a, b, d Intraoperative sagittal and axial CT scan of case 1 depicting L5-S1 anterolisthesis, absent peicles hypoplastic transverse process 
and posterior elements of the L5 vertebra. c Intraoperative clinical photograph showing similar findings of hypoplastic posterior elements and 
transverse process with absence of pedicles
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joint. CT scan further revealed absent L5 inferior articu-
lar process and hypoplastic S1 superior articular process 
along with absent S1 pedicle on left side (Fig.  3a). MRI 
was suggestive of a left-sided L5/S1 contained disc her-
niation with abnormal hypoplastic facets and a large 
neural foramen (Fig.  3b). In view of severe intractable 
pain, L5-S1 transforaminal lumbar interbody fusion 
surgery was planned. Intra operatively, conjoint nerve 
root at left L5 level (type 2b- Neidre and MacNab) with 
absent S1 pedicle on left was noted on careful explora-
tion (Fig.  4a). O-arm and CT navigation guided pedicle 
screws were inserted. Left S1 screw was placed using a 
lower entry point and divergent direction as compared 
to right (Fig. 4b). Interbody cage was inserted from right 
in contrast to left as planned. Postoperatively patient had 
good resolution of his symptoms.

Case 3
A 25  years old woman presented with low back pain 
since last 2 years and left lower limb radicular pain since 
3 months. All modalities of conservative treatment failed 
to give her relief. On examination, lumbar spasm was 
noted and SLR on left side was 300 with normal power. 
Imaging revealed hypoplastic L5 pedicle, contained disc 
herniation on left side and L4/5, L5/S1 facetal arthrop-
athy on right side (Fig.  5a–c). Limited microsurgical 
inter laminar decompression was planned. Through a 

3  cm incision, left side exposure, fenestration decom-
pression was done. Post-operative period was unevent-
ful. At 30 months follow-up, she had no complaints and 
resumed her previous activities. At final follow-up, flex-
ion/extension radiographs show no instability.

Discussion
Complete agenesis of the lumbar pedicle appears to be a 
rare entity [10]. According to Wortzman and Steinhardt, 
the terms ‘hypoplastic’ and ‘agenesis’ have been used syn-
onymously with resultant confusion [10]. Dysgenesis or 
agenesis of the spinal pedicle is thought to be the result 
of a large retrosomatic cleft during embryological devel-
opment [11]. This seems to occur in either membranous 
or cartilaginous stages of development [9, 11]. Develop-
mental defects of the vertebral pedicle are reported to be 
persistent neurocentral chondrosis, retrosomatic defect 
(cleft pedicle) or retroisthmic defect. Agenesis of pedicle 
has been reported more commonly in the cervical spine 
and very rarely in lumbo-sacral spine. Pedicle agenesis 
can manifest unilaterally (case 2,3) or bilaterally (case 1). 
Congenital nature of the missing or absent or deformed 
pedicle is suggested by hypoplasia of the other elements 
of ipsilateral neural arch, as well as hypertrophy of vari-
ous elements of contralateral neural arch. In our case 
series, one of them had facetal arthropathy on the con-
tralateral side at both the adjacent levels and case 1 had 

Fig. 3  a Sagittal, coronal and axial CT scan of case 2 depicting absent L5 inferior articular process and hypoplastic S1 superior articular process and 
absent S1 pedicle on left side. b Sagittal and axial MRI of the same patient showing L5-S1 paracentral contained disc herniation on the left side 
along with large neural foramen
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absent posterior elements. Kaito et al. reported a similar 
case that was missing the right L5 pedicle, which led to 
severe degenerative changes in the contralateral facet 
joint [7]. Bilateral absence of pedicle usually results in 
spondylolisthesis (case 1) [12]. Low back pain is the fre-
quently reported symptom, most of the times managed 

conservatively. Only few cases are reported in the lit-
erature with neurologic impairment, symptoms being 
present on the same side or contralateral side [7–9, 11]. 
Payer et al. reported a case of S1 pedicle aplasia in asso-
ciation with disc herniation that had ipsilateral leg pain 
[8]. Kaito et al. reported a congenital absence of the right 

Fig. 4  a During intra-operative exploration in case 2 a conjoint nerve root at left L5 level (type 2b- Neidre and MacNab) with absent S1 pedicle on 
left was found. b Intra-operative O-arm and CT navigation picture showing placement of screws. The Left S1 screw was placed using a lower entry 
point and divergent direction towards the sacral ala

Fig. 5  a Plain radiographs of case 3 depicting hypoplasia of facet joints on right side and facet arthropathy on the left side. b Corresponding CT 
scan images showing corroborative findings and hypoplastic L5 pedicle on right side. c T2 Sagittal and axial MRI images demonstrating contained 
disc herniation on left side at L4/5 and L5/S1 facetal arthropathy on right side and hypoplastic L5 pedicle
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L5 pedicle and contralateral L5 radicular pain from an 
overloaded hypertrophic facet joint [7]. The exact patho-
mechanism of this radiculopathy is not yet explained but 
may be related to presence of disc prolapse, associated 
root anomalies or facetal hypertrophy. Most of the cases 
are asymptomatic or have minimal back pain and require 
only conservative management, on the other hand neu-
rological involvement (radiculopathy) requires surgery 
mostly fusion surgery. In our case series, fusion was per-
formed in two patients and limited decompression was 
done in case 3.

Plain radiographs often show pedicular anomalies 
more seen on oblique views. Listhesis, instability, tilt-
ing of vertebrae, displacement of spinous process need 
to be looked for. CT is the investigation of choice that 
depicts exact anatomical features of lamina, articular 
process, transverse process and neural foramen. Condi-
tions such as infection / lytic spondylolisthesis / metasta-
sis needs to be differentiated, margins of the defect gives 
the clue. MRI reveals disc herniation, facetal hypertro-
phy, anomalous roots and neural compression. The inci-
dence of lumbosacral nerve root anomalies is 1.9–4% 
[13]. The conjoined nerve roots are occasionally associ-
ated with herniated disc, however, cases associated with 
spine anomalies are uncommon [14]. Pedicle screw inser-
tion for fusion in such conditions poses a challenge for 
the operating surgeon. Case 2 had sacral pedicle agenesis 
with facet anomaly in association with lumbosacral con-
joint nerve root and disc herniation. In the absence of the 
S1 pedicle and presence of conjoint nerve root at L5 exit 
foramen it becomes difficult in insertion of S1 pedicle 
screw as superior articular process of S1 is only attached 
to the posterior arch of S1. Use of advanced newer tech-
nology in such difficult cases helps a spine surgeon in 
identifying the bony landmarks in more accurate way. It 
also helps the spine surgeon to get good pedicle screw 
placement. Neurological injury can be avoided. Con-
genital pedicular agenesis has been associated with renal 
hypoplasia, absent kidney and imperforate anus in pae-
diatric age group in a report by Yousefzadeh et al., how-
ever no relation has been seen in adults [15]. We had a 
case of malpositioned kidney in right iliac fossa, absent 
uterus, absent ovaries and vaginal atresia, all in one 
patient. Other case had root anomaly type 2b-Neidre and 
MacNab at the level of absent pedicle. These cases are 
reported for the first time.

Conclusion
Congenital agenesis of lumbo-sacral pedicle is very rare. 
Anomalous facet and conjoint nerve root need to be 
looked for intra-operatively. Pedicle agenesis increases 
the difficulty in pedicle screw fixation and fusion. Use of 
O-arm and CT navigation is of great help in getting safe 

and accurate anchor points for screw placement avoiding 
neurological injury.
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