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Posterior lumbar interbody fusion Gl

for dysplastic lumbar spondylolisthesis
with high-grade slippage in two adolescent
siblings: two case reports
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Masashi Yamazaki

Abstract

Background: Lumbar spondylolisthesis is reported to present with a familiar pattern, with the dysplastic type of
spondylolysis being minor but more hereditary than the isthmic type. Siblings presenting during adolescence with
neurological symptoms owing to high-grade dysplastic-type spondylolisthesis are rare.

Case presentation: The older brother suffered from left leg pain and numbness and dysesthesia of the right poste-
rior thigh and calf and could not walk without a crutch at the age of 15 years. He had canal stenosis with disc bulg-
ing and dysplastic bilateral facet joint at L5/51. The L5 vertebral body was slipped anterior downward to S1, with a
round-shaped S1 cranial endplate. We diagnosed dysplastic-type spondylolisthesis and performed posterior lumbar
interbody fusion at L5/S with mild reduction and sublaminar wiring at L4/5. The younger brother had no neurological
symptoms at age 14 years but suffered from bilateral lower leg numbness at age 18 years. He had canal stenosis with
disc bulging at L4/5 and L5/51 and dysplastic bilateral facet joint at L5/S1 with right pars defect. The L5 vertebral body
was vertically displaced anterior to the S1 vertebral body, with an S1 round-shaped cranial endplate. We diagnosed
dysplastic-type spondylolisthesis, and posterior lumbar interbody fusion at L4/5 and L5/S with reduction was per-
formed. Their neurological symptoms of the lower legs disappeared, and interbody bone fusion was obtained.

Conclusions: The surgical technique for high-grade dysplastic spondylolisthesis remains controversial in terms of
in situ fusion versus reduction. We recommend that surgery be performed promptly at the end of bone maturation
because neurological symptoms often appear at the end of bone maturation. Because high-grade slips are rare but
siblings may be present, the sibling should also be screened when dysplastic spondylolisthesis is detected.
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Background

Malformed lumbar spondylolisthesis in the 5th lumbar
(L5) vertebra causes low back and leg pain, and results
in postural abnormalities such as pelvic retroversion and
lumbar hyperlordosis. Imaging features include extension
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spondylolistheses classified by Marchetti and Bartolozzi,
the high dysplastic type is progressive and its natural
course is poor [1]. On the other hand, it is rare for the
patient to develop neurological symptoms with a high
degree of slippage during the adolescent period. Surgery
is necessary if there are neurological symptoms, but there
is room for consideration regarding the timing of surgery
and the need for reduction [2]. Hereditary involvement
is suggested but not clear. We report herein the cases
of two adolescent siblings treated by interbody fusion
for dysplastic lumbar spondylolisthesis with high-grade

slippage.

Case reports

The older brother was a 15-year-old Japanese patient who
presented with back pain and numbness in the left lower
limb. One month after onset, he visited a previous doctor
and was diagnosed with lumbar disc herniation. However,
his left leg pain worsened seriously, and he came to our
hospital and was diagnosed with dysplastic lumbar spon-
dylolisthesis at 2 months after onset. He has no another
medical history. There are no birth or developmental
abnormalities, and this sibling is the only one with a fam-
ily history related to spinal disease. Preoperatively, the
patient was 171 cm tall and weighed 78 kg. There were no
postural abnormalities, and it was difficult to determine
lumbar spondylolisthesis from his external appearance.
Neurological examination revealed left Achilles tendon
reflex depression, negative bilateral straight leg raising
(SLR) test, numbness and dysesthesia of the right pos-
terior thigh and calf, and no bladder or rectal disorders.
Preoperatively, scores on the Japan Orthopedic Associa-
tion Low Back Pain Assessment Questionnaire (JOAB-
PEQ) were 14 points for pain-related disorders, 75 points
for lumbar dysfunction, 50 points for gait dysfunction,
30 points for social life disorders, and 89 points for psy-
chological disorders. The preoperative visual analog scale
of lower back pain and lower limb pain was 50 mm, and
the degree of lower limb numbness was 20 mm. A func-
tional lateral X-ray view indicated spondyloptosis at L5/
S1 without instability (Fig. 1a, b). Magnetic resonance
imaging (MRI) showed canal stenosis at L5/S1 with disc
bulging (Fig. 1c, d). Computed tomography (CT) with
myelogram revealed a downward slip at L5 anterior to
the 1st sacral (S1) vertebral body with a round-shaped
S1 cranial endplate (Fig. 1le). The spinal canal was nar-
row with a dysplastic bilateral facet at L5/S1 (Fig. 1f). Six
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months after onset, he had difficultly walking without a
crutch, so it was decided to operate. Posterior lumbar
interbody fusion (PLIF) with mild reduction at L5/S1 was
performed with L5 and S1 pedicle screws and sublaminar
wiring at the 4th lumbar (L4)/L5 with bilateral techmi-
lon tapes between L5 and the S1 pedicle screw (Fig. 2a).
Intraoperative transcranial motor-evoked potentials
(Br-MEP) were used to prevent nerve damage during
surgery. Because intraoperative Br-MEP showed ampli-
tude decrease during reduction, we decided to make the
reduction mild. We performed mild reduction, but mild
motor weakness of the right gastrocnemius was observed
after surgery. The motor paralysis of the right gastroc-
nemius muscle gradually improved, and the patient fully
recovered after 1 year. We believe that the intraoperative
Br-MEP would have avoided serious neurological dam-
age. No neurological deficits remained 5 years after the
operation. Postoperatively, the JOABPEQ indicated
100 points for pain-related disorders, lumbar dysfunc-
tion, gait dysfunction, social life disorders, and psycho-
logical disorders. The postoperative visual analog scale
results for lower back pain, lower limb pain, and lower
limb numbness were all 0 mm. CT revealed bony fusion
between L5/S1 (Fig. 2b), and MRI indicated that decom-
pression was established (Fig. 2¢, d).

The younger brother was a male Japanese patient who
began to complain of low back pain at the age of 12 years.
He came to the hospital after his older brother’s surgery
to investigate his spine and was diagnosed with dysplas-
tic lumbar spondylolisthesis at the age of 14 years. He has
no another medical history. There are no birth or devel-
opmental abnormalities, and this sibling is the only one
with a family history related to spinal disease. As there
were no neurological symptoms and his height was
161 cm tall and weighed 50 kg which were immature, it
was decided to delay treatment but to follow up. At the
age of 18 years, numbness in the bilateral lower limbs
appeared. Preoperatively, the patient was 169 cm tall and
weighed 76 kg, had no resting pain, no reflex of bilateral
Achilles tendon, negative bilateral SLR, no dysesthesia,
and no bladder or rectal disorders. There were no pos-
tural abnormalities, and it was difficult to determine lum-
bar spondylolisthesis from his external appearance. The
JOABPEQ indicated 100 points for pain-related disor-
ders, lumbar dysfunction, and gait dysfunction, 78 points
for social life disorders, and 93 points for psychological
disorders. The preoperative visual analog scale of lower

(See figure on next page.)

Fig. 1 Lateral-view functional plain X-ray in the older brother showing slight instability between L5/51 flexion and extension (a, b). Magnetic
resonance images showing the L5 vertebra slipped anteriorly on S1 and the L5/51 disc bulging apparent on the sagittal slice (arrow) (c). MRI

also showed serious canal stenosis at L5/S1 with disc bulging apparent on the axial slice (d). Computed tomography with myelogram showed a
vertically displaced anterior slip to S1, a round-shaped S1 cranial endplate and spinal canal stenosis (arrow) with dysplastic bilateral facets at L5/51

(e,f)
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Fig. 1 (See legend on previous page.)
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Fig. 2 Posterior lumbar interbody fusion with mild reduction of L5/51 was performed on the older brother with L5 and S1 pedicle screws (a).
Computed tomography showed bony fusion between L5/S1 (b). MRI showed that decompression was established (c, d) 5 years after the operation

back pain and lower limb pain was 0 mm, and the visual
analog scale of lower limb numbness was 22 mm. A func-
tional lateral X-ray view showed spondyloptosis at L5/
S1 (Fig. 3a, b). MRI revealed canal stenosis at L4/5 and
L5/S1 (Fig. 3c—e). By CT, the L5 vertebral body was ver-
tically displaced anterior to the S1 vertebral body with

an S1 round-shaped cranial endplate (Fig. 3f) and uni-
lateral pars defect of the right inferior articular process
of L5 (Fig. 3g). Neurological symptoms had worsened 2
months after he felt the numbness, so surgery was indi-
cated. PLIF at L4/L5 and L5/S1 with reduction was per-
formed with L4, L5, and S1 pedicle screws and S2 alar
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Fig. 3 Lateral-view functional plain X-ray in the younger brother showing slight instability between L5 /S1 flexion and extension (a, b). MRI revealed
that the L5 vertebra had slipped anteriorly on S1 and canal stenosis was present at L4/5 and L5/S1 with disc bulging (c-e). Computed tomography
with myelogram showed a vertically displaced anterior slip to S1, a round-shaped S1 cranial endplate and spinal canal stenosis (arrow) with
dysplastic bilateral facets at L5/51 and unilateral pars defect of the right inferior articular process of L5 (arrows) (f, g)
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(c—e) 5 years after surgery
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Fig. 4 Posterior lumbar interbody fusion at L4/L5 and L5/S1 with reduction was performed on the younger brother with L4, L5, and S1 pedicle
screws and S2 alar screws (a). Computed tomography indicated bony fusion between L5/S1 (b). MRI revealed that decompression was established

screws (Fig. 4a). Br-MEP was used to prevent nerve dam-
age during surgery, and no deterioration of neurological
symptoms occurred after surgery. Postoperatively, the
JOABPEQ indicated 100 points for pain-related disor-
ders, lumbar dysfunction, gait dysfunction, social life
disorders, and psychological disorders. The postopera-
tive visual analog scale results for lower back pain, lower
limb pain, and lower limb numbness were all 0 mm. CT
showed bone fusion between L4/5 and L5/S1 (Fig. 4b),
and MRI revealed that decompression was obtained 2
years after surgery (Fig. 4c—e).

All procedures including the review of patient records
used in this report were approved by the institutional
review board (no. 21-28). Written informed consent was
obtained from these patients for publication of these case
reports and any accompanying images.

Discussion

According to the Wiltse classification system [3], the
two types of pediatric spondylolisthesis are isthmic and
dysplastic. Marchetti and Bartolozzi subdivided spon-
dylolisthesis into high dysplastic and low dysplastic [1].
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Regarded as hereditary, previous epidemiological studies
reported that 15% of the first-degree relatives of patients
presented with isthmic-type lumbar spondylolisthesis
but 33% presented with the dysplastic type [4]. Dysplastic
spondylolisthesis is clearly different from isthmic spon-
dylolisthesis in that it is accompanied by dysplastic facet
joints and there is bony continuity of pars interarticula-
ris. A plain X-ray or CT scan can be used to differentiate
between those spondylolistheses. Albanese stated that
dysplastic spondylolisthesis occurred one-third as often
as isthmic spondylolisthesis [5]. The dysplastic type of
spondylolysis is minor but is more hereditary than the
isthmic type.

Despite the substantial debate regarding the genetic
etiology of lumbar spondylolisthesis, there are only a few
specific reports. There is a case report about highdysplas-
tic developmental spondylolisthesis in two sets of identi-
cal twins in whom the imaging features were similar [6].
They had the same downward slip anterior to the S1 ver-
tebral body with a round-shaped S1 cranial endplate, but
not all morphological features were the same. The older
brother was not scoliotic and did not have pars cleft,
whereas the younger brother was scoliotic with a left side
pars cleft. There also are two other reports of spondyloly-
sis within a Japanese family [7, 8].

Dysplastic spondylolisthesis usually causes no symp-
toms in children; neurological symptoms usually begin
in adolescence. As patients grow taller, their nerves are
stretched, causing neurological symptoms. It is known
that motor paralysis and leg pain due to neurologi-
cal symptoms occurring during adolescence can make
social life difficult. In some rare cases, surgery may be
avoided by follow-up of high-grade spondylolisthesis [9],
but these spondylolistheses often require surgical treat-
ment because of neurological symptoms [10]. Failure
to treat these cases surgically causes irreversible neuro-
logical symptoms. Surgery after the deformity has pro-
gressed excessively may increase the surgical invasiveness
required for correction.

In situ posterolateral fusion is a well-known tech-
nique for which many surgeons have reported satisfac-
tory clinical outcomes for low-grade spondylolisthesis
[11]. On the other hand, the surgical technique for high-
grade spondylolisthesis remains controversial in terms
of in situ fusion versus reduction [12]. However, bone
fusion may not be obtained without reduction in the
case of high-grade slip because of the small bone con-
tact area between the vertebral bodies. It has been
reported that reduction causes radiculopathy. Even
with high-grade spondylolisthesis, reduction should be
performed only if the procedure is safe and does not
worsen neurological symptoms. Reduction with Br-
MEP has been useful to detect nerve damage during
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surgery [13]. The Br-MEP resulted in an alarm in our
older patient, and we decided to change the degree of
reduction to mild. The temporary paralysis of the lower
extremity that occurred after surgery recovered spon-
taneously in that case. Because of significant reduction
in the younger case, we felt it necessary to strengthen
the immobilization and extended the fixation from L4
to S2.

There may be fewer choices for screw size in younger
children who are almost asymptomatic. On the other
hand, as neurological symptoms often appear at the
end of bone maturation, we recommend that surgery
be performed promptly at the end of bone matura-
tion. Various surgical indications depend on the neu-
rological condition or the degree of slippage. In the
cases reported here, reduction with Br-MEP potentials
has been useful to detect serious nerve damage during
surgery. The results of surgery in two patients with dys-
plastic lumbar spondylolisthesis with high-grade slip-
page were favorable, with spontaneous recovery despite
mild paralysis in one case.

Conclusion

PLIF with reduction was performed for two adolescent
siblings with dysplastic lumbar spondylolisthesis with
high-grade slippage, and good results were obtained.
Because high-grade slips are rare but siblings may be
present, the sibling should also be screened when dys-
plastic spondylolisthesis is detected.

Abbreviations

L5: The 5th lumbar; SLR: Straight leg raising; JOABPEQ: Japan Orthopedic Asso-
ciation Low Back Pain Assessment Questionnaire; MRI: Magnetic resonance
imaging; CT: Computed tomography; S1: The 1st sacral; PLIF: Posterior lumbar
interbody fusion; L4: The 4th lumbar.

Acknowledgements
Not applicable.

Author contributions

MT conceived and designed the study. TF, FE, KN, and YT treated the patients.
MT drafted the manuscript. MY critically revised the draft manuscript. All the
authors read and approved the final manuscript.

Funding
None.

Availability of data and materials

The data analyzed in the current case are available from the corresponding
author on reasonable request after anonymization so that the patient cannot
be identified.

Declarations

Ethics approval and consent to participate
All procedures including the review of patient records used in this report were
approved by the institutional review board (no. 21-28).



Tatsumura et al. Journal of Medical Case Reports (2022) 16:331

Consent for publication

Written informed consent was obtained from the patients'legal guardian for
publication of this case report and any accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that there are no relevant competing interests.

Author details

'Department of Orthopaedic Surgery and Sports Medicine, Tsukuba University
Hospital Mito Clinical Education and Training Center/Mito Kyodo General Hos-
pital, 3-2-7 Miyamachi, Mito, Ibaraki 310-0015, Japan. 2Department of Ortho-
paedic Surgery, Faculty of Medicine, University of Tsukuba, Tsukuba, Japan.

Received: 20 November 2021 Accepted: 19 July 2022
Published online: 02 September 2022

References

1. Marchetti PG, Bartolozzi P. Classification of spondylolisthesis as a guide-
line for treatment. In: Bridwell K, DeWald R, editors. The textbook of spinal
surgery. 2nd ed. Philadelphia: Lippincott-Raven; 1997. p. 1211-54.

2. Poussa M, RemesV, Lamberg T, Tervahartiala P, Schlenzka D, Yrjénen T,
Osterman K, Seitsalo S, Helenius |. Treatment of severe spondylolisthesis
in adolescence with reduction or fusion in situ: long-term clinical, radio-
logic, and functional outcome. Spine (Phila Pa 1976). 2006;31:583-90.

3. Wiltse LL, Newman PH, Macnab I. Classification of spondylolisis and
spondylolisthesis. Clin Orthop Relat Res. 1976;117:23-9.

4. Wynne-Davies R, Scott JH. Inheritance and spondylolisthesis: a radio-
graphic family survey. J Bone Jt Surg Br. 1979,61-B:301-5.

5. Albanese M, Pizzutillo PD. Family study of spondylolysis and spondylolis-
thesis. J Pediatr Orthop. 1982;2:496-9.

6. Moke L, Debeer P, Poens M. Spondylolisthesis in twins: multifactorial
etiology: a case report and review of the literature. Spine (Phila Pa 1976).
2011;36:E741-6.

7. Yamada A, Sairyo K, Shibuya I. Lumbar spondylolysis in juveniles from the
same family: a report of three cases and a review of the literature. Case
Rep Orthop. 2013;2013: 272514.

8. Kato K, Hakozaki M, Mashiko R, Konno S. Familial development of lumbar
spondylolysis: a familial case report of 7- and 4-year-old brothers and
their father. J Int Med Res. 2021;49:3000605211015559.

9. ShaN, Doita M, Uno K, Yoshiya S, Kurosaka M. Spontaneously stabilized
severe dysplastic spondylolisthesis without operation long-term follow-
up of a preteenage patient. J Spinal Disord Tech. 2004;17:451-5.

10. Pizzutillo PD, Hummer CD 3rd. Nonoperative treatment for painful ado-
lescent spondylolysis or spondylolisthesis. Pediatr Orthop. 1989;9:538-40.

11. Moller H, Hedlund R. Surgery versus conservative management in adult
isthmic spondylolisthesis—a prospective randomized study: part 1. Spine
(Phila Pa 1976). 2000;25:1711-5.

12. Min K, Liebscher T, Rothenfluh D. Sacral dome resection and single-stage
posterior reduction in the treatment of high-grade high dysplastic spon-
dylolisthesis in adolescents and young adults. Eur Spine J. 2012;21(Suppl
6):5785-91.

13. Nakamae T, Tanaka N, Nakanishi K, Kamei N, Hamasaki T, Izumi B, Fujioka
Y, Ohta R, Ochi M. Surgical treatment of high-grade dysplastic spon-
dylolisthesis using intraoperative electrophysiological monitoring: report
of two cases and review of the literature. Eur J Orthop Surg Traumatol.
2013;23(Suppl 1):S121-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Posterior lumbar interbody fusion for dysplastic lumbar spondylolisthesis with high-grade slippage in two adolescent siblings: two case reports
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case reports
	Discussion
	Conclusion
	Acknowledgements
	References


