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Abstract 

Background  Pediculolysis is bone hypertrophy and pseudoarthrosis caused by pedicle fracture and has often been 
combined with contralateral spondylolysis in previous reports. Multilevel pediculolysis with spondylolysis is extremely 
rare, and we report a case who underwent surgery. Cases of multisegment pediculolysis were reviewed to inspire 
the diagnosis and treatment of similar pathological phenomena.

Case presentation  A 55-year-old man suffering from low back pain and sciatica was admitted to hospital after fail-
ing conservative treatment. The imaging studies revealed bilateral pediculolysis at L3 and L4 and right spondylolysis 
at L5. When L2-5 internal fixation and fusion surgery were performed, the symptoms improved immediately after sur-
gery. At the 2-year postoperative follow-up, proximal junctional failure appeared and progressively worsened.

Conclusions  Multilevel pediculolysis often requires surgical intervention, and segment instability is an impor-
tant consideration in the development of surgical fusion strategies. The etiology of pediculolysis is still complex 
and unknown, and the spondylolysis protocol can be used as a reference for treatment. Surgeons should be cautious 
in surgical planning to minimize the likelihood of postoperative instrumentation failure.

Keywords  Pediculolysis, Spondylolysis, Proximal junctional kyphosis, Surgical intervention, Global spinopelvic 
balance

Background
The site of posterior arch injury can be divided into the 
isthmus, pedicle, and lamina [1]. Among posterior arch 
injuries, pedicle injuries, as reported by Ekin et  al. [2], 
were more common in males and L5 vertebrae, 70% were 

isolated pathologies, and 30% were combined with spon-
dylolysis. This chronic injury leads to pedicle fractures, 
and continuous stress acts on the unhealed fracture site, 
resulting in local bone hypertrophy, osteosclerosis, and 
pseudoarthrosis, which is called “pediculolysis”. The con-
cept was proposed in 1991 by Gunzburg et  al. [3] and 
previously was often misdiagnosed as osteoblastoma or 
infectious disease [4, 5]. Pediculolysis has been reported 
by scholars in recent years. Nontraumatic multilevel 
pedicle injuries are rare. We reported a case of multilevel 
bilateral pediculolysis combined with spondylolysis, and 
postoperative complications occurred proximal to the 
fused segment.
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Case presentation
Initial visit
A 55-year-old man with low back pain and sciatica, 
accompanied by intermittent neurogenic claudica-
tion for 2 years, visited the outpatient clinic. The visual 
analog scale (VAS) score for low back pain was 4, and 
the VAS score for leg pain was 5. CT was performed at 
the initial visit and revealed L3-4 and L4-5 spinal steno-
sis, L5 right spondylolysis, and an intact pedicle (Fig. 1). 
The patient received exercise therapy and nonsteroidal 

anti-inflammatory drugs (NSAIDs), and the symptoms of 
leg pain were relieved for two years.

Preoperative
Sciatica progressively worsened over 2 months, and rest 
was required after intermittent claudication of 50  m 
(low back pain VAS score of 7, leg pain VAS score of 8). 
There was no history of trauma or heavy physical labor. 
Computed tomography (CT) revealed bilateral pedic-
ulolysis at L3 and L4; magnetic resonance imaging (MRI) 

Fig. 1  CT scan at the initial visit confirmed intact pedicles at L3 and L4 (A/E/H) and defects in the right isthmus at L5 (K, white circle). The 
preoperative CT revealed bilateral pediculolysis of L3 and L4, hyperplasia and sclerosis around the defect (B/F/I, red arrow), and hyperplasia 
and sclerosis at the right isthmus end of L5 (L, white circle). On preoperative MRI, sagittal T1- and T2-weighted images revealed hypointensity 
at the pedicle cleft (C/D, red arrow), cross-sections with hypointensity at the defect (G/J, red arrow), and a right isthmus with hypointensity (M, 
white circle)
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revealed bilateral pedicle defects at L3 and L4; and T1- 
and T2-weighted images were hypointense (Fig. 1). L3-4, 
L4-5 spinal stenosis (Fig.  2); radiographs indicate insta-
bility of the L3 and L4 segments (Fig.  3). The patient 
was previously diagnosed with rheumatoid arthritis and 
bronchitis and was regularly treated with medication. 
Preoperative quantitative computed tomography (QCT) 
was conducted, revealing a bone mineral density of 
83.0 mg/cm³ in the L1–L4 vertebral bodies, which indi-
cates the presence of osteopenia.

Patients present with lumbar instability, scoliosis, 
and significant neurological deficits. Surgical interven-
tion is recommended as an effective treatment modal-
ity. The curve was determined to be L2–5 in the coronal 

plane. L5-S1 shows no segmental instability or severe 
disc degeneration. The range of motion of the L5-S1 seg-
ment is preserved, and the right L5 isthmus defect is not 
treated. L2-5 fusion surgery, specifically a combination of 
PLIF and TLIF techniques, was conducted (Fig. 3).

Postoperative recovery was smooth, lower extremity 
neurological function was intact, and leg pain was signifi-
cantly improved. He was discharged from the hospital on 
the 6th day after the operation. Lumbar alignment was 
restored after the operation, and the stability improved 
immediately. A brace was given for protection while per-
forming the prescribed functional exercises. The patient 
was requested to return for outpatient follow-up every 
three months.

Fig. 2  MRI median sagittal and cross-sectional scans (A/B/C) revealed L3–4 and L4–5 spinal stenosis, dural sac compression, redundant nerve roots, 
and nerve root sedimentation signs (+); in the sagittal view (A), the L3-4 disc indicates downward prolapsed, and the L4-5 disc indicates upward 
prolapsed; transverse scans reveal the upper endplate layer of L4 (B) and the lower endplate layer of L4 (C)

Fig. 3  Preoperative dynamic plain (A, B) indicates instability of L3 and L4 with spondylolisthesis, showing pediculolysis (C), and the anteroposterior 
plain (E) indicates the formation of scoliosis and lateral slip of L3 and L4; status immediately after L2-5 PLIF combined with TLIF surgery (D, F)
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Postoperative
Postoperative follow-up CT confirmed satisfactory 
interbody fusion (Fig. 4), but progressive proximal junc-
tional kyphosis (PJK) occurred above the fusion level. At 
follow-up, the Cobb angle of the endplate on the upper 

instrumented vertebra (UIV) and the endplate on the 2 
vertebral bodies above the UIV (UIV + 2) was recorded, 
which is the proximal junctional angle (PJA) [6], Fig.  5. 
The PJA had increased significantly at the 1-year follow-
up. The UIV and intervertebral space gradually collapsed 

Fig. 4  At the 24-month postoperative follow-up, the sagittal and coronal CT scans (A, B) confirmed L2-3, L3-4, and L4-5 bony fusion; the sagittal 
image (A) showed severe degeneration of the L1-2 segment, intervertebral space and vertebral collapse, and the formation of proximal junctional 
kyphosis; the coronal image (B) suggested proximal degeneration and collapse; the L2 transverse scan (C, red arrow) revealed radiolucent zones 
around the bilateral screw tips

Fig. 5  During the follow-up period, PJA was recorded on the lateral plain preoperatively (A), immediately postoperative (B), at the 3-month 
follow-up (C), at the 6-month follow-up (D), at the 12-month follow-up (E), at the 18-month follow-up (F), and at the 24-month follow-up (G)
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and there were signs of loosening of the L2 screw. Kypho-
sis centered at L1-2 appeared (Fig.  4). Lab results and 
postoperative MRI showed no signs of infection (Fig. 6). 
Spino-pelvic parameters [lumbar lordosis (LL), pelvic tilt 
(PT), pelvic incidence (PI), and sacral slope (SS)] fluctu-
ated greatly during the two-year follow-up (Table 1). The 
LL was gradually lost after surgery, PT increased com-
pensatorily, and the PI-LL mismatch increased.

At the last follow-up, a full-length radiograph revealed 
that the global balance was within the normal range. 
The PJK had increased significantly to 52.8°, the thoracic 
kyphosis (TK) and decreased, and the degree of PI-LL 
mismatch reached 44° (Fig.  7). In the postoperative fol-
low-up QCT, the recorded bone density value at T11-L1 
was 100.6 mg/cm³, which still indicates osteopenia. The 
patient was able to walk normally with a brace in the first 
year following surgery. In the second year following sur-
gery, he suffered from low back pain, which worsened 
when walking upright. The VAS score for low back pain 
was 4, and there were no symptoms of neurological dam-
age to the lower extremities. Moreover, we recommended 
a conservative strategy of continuing to wear a brace and 
avoid strenuous activities. At the 24-month follow-up, we 
recommended surgical correction due to postoperative 
junctional failure (PJF), but the patient refused surgical 
treatment because of tolerable low back pain. The patient 
is still undergoing follow-up.

Discussion
Pediculolysis is one of the uncommon causes of low back 
pain [2, 7, 8]. The etiology remains unclear, but local bio-
mechanical deterioration, advanced age, immune dis-
eases, metabolic abnormalities, and neural arch defects 

are risk factors for its occurrence [9–11]. Several articles 
have reported unilateral spondylolysis combined with 
contralateral pediculolysis [3, 9, 12–14]. Sairy et al. [15] 
confirmed via mechanical simulations that the contralat-
eral pedicle and isthmus can increase stress to 12.6 times 
greater than normal in unilateral isthmus defects. Unilat-
eral isthmus defects are a predictable cause of contralat-
eral posterior arch injury.

Due to their strong structure, injuries associated with 
pedicles are often caused by severe violent trauma. Com-
pared with those of the isthmus, fatigue injuries are less 
likely to occur. According to a previous literature review, 
unlike failure of formation, cracks, and other deformi-
ties can occur. Pediculolysis does not appear congenitally 
but is caused by “abnormally high stress” on the pedicle 
structure [2, 16–18]. Gradual failure of the neural arch 
results in bone discontinuity accompanied by a stress 
reaction.

Fig. 6  MRI was performed at the last postoperative follow-up, and there were no signs of infection on sagittal (A, B, C) or transverse (D) scans

Table 1  Changes of spinopelvic parameters

PI (°) 74.4

PT (°) SS (°) LL (°) PJK (°)

Preoperative 18.6 55.8 25.7 12

Postoperative-
immediate

20.6 53.8 60.2 16.7

Follow-up
  3 months 17.5 56.9 54.3 10.5

  6 months 19.2 55.2 46.2 20.1

  12 months 32.3 42.1 31.2 47.4

  18 months 26.9 47.5 34.1 46.1

  24 months 31.1 43.3 30.4 52.8
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The relationship between pedicle stress fractures and 
pediculolysis has not yet been fully distinguished. The 
two terms may not be considered independent concepts 
but rather have interactive processes. For pedicle defects, 
fractures may be more likely to occur under long-term 
“stress fatigue”, and fractures may be a serious conse-
quence. Stress fractures may be a broader concept [16, 
17, 19]. For “fatigue injury” caused by healthy bones, 
the biomechanics and damage characteristics are differ-
ent from those of pediculolysis. Pediculolysis is a chronic 
pathological process that is repeatedly stimulated by 
shear, axial, flexion, and extension stresses, and changes 
in the pedicle, such as osteosclerosis, pseudoarthrosis, 
and callus formation, occur [3, 18, 20]. There are differ-
ences in the treatment scenarios between the two con-
ditions on the basis of the mechanism and anatomical 
characteristics.

Imaging provides information about pedicle injuries. 
In addition to the different pathogeneses of the injury, 

imaging is the key to identifying the injury. CT and radi-
onuclide scans are often used [5, 21, 22]. Injury char-
acteristics have been described in past studies: Pedicle 
dysplasia: the cleft produces less hyperplasia and sclero-
sis [23]; pedicle stress fracture: more prone to transverse 
injury, resulting in accumulation of the mid-pedicle [18]; 
and pediculolysis: the cleft tends to be irregular, often 
located at the junction of the pedicle and vertebral body.

Literature review on multi‑level pediculolysis
We reviewed cases of multilevel pediculolysis. The Pub-
Med English online database was used to search the 
literature for the relevant keywords of “Pediculoysis”. 
Use descriptors(pedicle stress fracture[Text Word]) OR 
(pediculolysis[Text Word]) OR (pedicle stress injury[Text 
Word]) OR (pedicle fractures[Text Word]) OR (pedicle 
cleft[Text Word]). Articles were retrieved from 1990 to 
present. The language of the included studies was limited 
to English. We limited the criteria for inclusion in the 

Fig. 7  At the 24-month follow-up, the full-length anteroposterior and lateral radiographs (A and B) revealed that the sagittal vertical axis (SVA) 
was 9.4 mm, the coronal C7PL-CSVL was 2.7 mm, and the global alignment was within the normal range. Pelvic parameters: PI: 74.4°, PT31.1°, 
and SS43.3°; other parameters: TK 2.6°, LL 30.4°, and PJA 52.8°
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cohort: (1) No history of trauma or spontaneous pedicle 
fracture caused by nonsurgical factors; (2) ≥ 2 consecu-
tive segments; (3) In line with the concept of “pedic-
ulolysis”. A total of 131 publications were identified, 
and 5 manuscripts that met the criteria were ultimately 
included. The characteristics and outcomes of these 
reports are shown in Table 2.

The literature review revealed that pediculolysis 
occurred in middle-aged and elderly patients. The vast 
majority of cases involved women. Except for one patient 
with minor trauma, none were caused by an acute event. 
The course of the disease is long, even if there is a recent 
episode of low back pain, but it tends to have a longer 
natural history. Most reported cases of involve osteopo-
rosis, and the segments prone to injury are mainly at L3, 
L4, and L5. Surgery is the choice of most surgeons and 
has good results.

Treatment strategy
In this case, QCT, a bone quality detection tool with less 
interference with degeneration and vascular calcification 
[29], was used for evaluation (according to the guidelines, 
≤ 80 is osteoporosis, 80–120 is osteopenia, and ≥ 120 
is normal). The osteopenia level did not significantly 
decrease, which is not a serious defect in bone strength. 
There appears to be disagreement with previous reports 
that multilevel fractures are caused by osteoporosis [18, 
20]. In this patient, pediculolysis occurred as a short-
term progression within 2 years, without dysplasia, and 
was a spontaneous and nontraumatic process. We specu-
late that its occurrence was caused by multiple factors, 
such as long-term stress on the pedicle defect, immuno-
suppressive use, and local spinal imbalance. Owing to the 

rarity of this condition, there are no guidelines for treat-
ment. As a structure of the spinal motor unit, its treat-
ment can be referred to as spondylolysis [22].

There are still differing theories about fracture treat-
ment for defects [16–18, 20, 23]. Conservative treatment 
is the most recommended treatment, especially for ado-
lescent athlete injuries [16]. For clefts without osteoscle-
rosis, activity restriction, bracing, and physical therapy 
may be beneficial. If there is no evidence of instability, 
compression screws are an option for direct repair of the 
cleft. For the fixed strategy, Viswanathan provided advice 
[20]. The pedicle is the strongest of the three columns, 
and posterior fixation is recommended for pedicle inju-
ries [30]. The use of fusion is still controversial. In multi-
level pediculolysis, the motor unit is unstable because of 
separation of the pedicle and body, spinal canal enlarge-
ment, scoliosis, and slippage, which requires fusion 
intervention.

In this case, nerve involvement is also present, and 
thorough decompression and fusion are inevitable, which 
increases the operation time and degree of trauma. There 
is a large dissociative cleft during pediculolysis, and loos-
ening of the UIV screws and junctional kyphosis occur 
despite strong intervertebral fusion. Nonunion of the 
pedicle of the cleft results in greater stress on the screw‒
bone interface. Accurate screw placement is the key to 
ensuring defect healing, and we believe that autologous 
bone grafting at the defect site can achieve better healing.

For multilevel cases, we suggest the use of a full-length 
radiograph to assess global balance, thoracolumbar 
compensation, and scoliosis flexibility to help formulate 
surgical strategies to restore alignment. For long-seg-
ment correction, pelvic immobilization is not routinely 

Table 2  Studies of multilevel pediculolysis

PLIF Posterior umbar interbody fusion, MID minimally invasive decompression, ALIF anterior lumbar interbody fusion, PPSF percutaneous pedicle screw fixation

Author, Year Sex Age Involve segment Symptoms/
Duration

Complication Treatment Final outcome

Kim et al. [24] 2012 Female 70 L4,L5 Low back and leg 
pain/2 years

Osteoporosis L4-5PLIF Pain relief

Karabay et al. [25] 
2015

Female 61 L1,L2,L3,L4 Low back pain/2 
years

Osteoporosis Physical therapy -

Schmid et al. [26] 
2017

Female 60 L2,L3,L4 Low back and leg 
radiating pain/-

primary adrenal 
failure and hypo-
thyreosis

L4-5PLIF + L2-3/
L3-4ALIF

Pain relief, osseous 
fusion

Carr et al. [27] 2018 Female 79 L2,L3 Neurogenic claudica-
tion and back pain/10 
years

- L4-5MID + L2-3 
unilateral fixation

Pain relief, bony 
trabeculation

Yi et al. [28] 2023 Female 60 L3,L4,L5 Mechanical low back 
pain/3 weeks

Type 2 diabetes, 
osteoporosis, 
and obesity

L3-5PPSF Pain relief, bone 
healing

Current study 2024 Male 55 L3,L4 Low back pain 
and sciatica

Rheumatoid arthritis, 
bronchitis

L2-5PLIF Pain relief, L2-5 bone 
healing, proximal 
junctional kyphosis
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recommended. In this case, the L5-S1 had no segmental 
instability. The L5 isthmic defect was not affected, and 
fusion was terminated at the L4-5 level. However, the 
L5–S1 angulation increased significantly after surgery. 
Although preoperative planning preserves lumbosacral 
mobility and increases the global compensatory capacity, 
S1 fixation is still required for the potential instability of 
spondylolysis.

The center of mass of the lumbar spine caused by high 
PI and high SS moves forward, TK decreases compen-
satorily, the overall center of mass of the thoracolumbar 
segment trends backward, and the stress in the thora-
columbar junction increases significantly [31]. The 
abnormal stress at the thoracolumbar junction can result 
in instrumentation failure, frequently presenting as PJK. 
In this case, PJK progressed during the two-year postop-
erative follow-up. PJK is considered a common complica-
tion after long-segment fusion surgery, with an incidence 
of 15–40% [32]. PJF is regarded as a progressive mani-
festation of PJK, characterized by proximal fractures, 
instrumentation loosening or breakage, and neurological 
deficits [32].

PJK may be a compensatory mechanism for rebalanc-
ing, and a “new balance” occurs when insufficient cor-
rection of thoracic kyphosis occurs [33]. It is not in a 
“balanced state”; rather, it exists in a compensatory “dete-
rioration state” which is characterized by structural fail-
ure of the UIV. Some scholars believe that fixation across 
the thoracolumbar segment can reduce stress concentra-
tion. In a survey of surgeons [34], for the UIV, they pre-
ferred T10 in the lower thoracic vertebra and T3 in the 
upper thoracic vertebra, with the former being the low-
est inactive thoracic vertebra and the latter spanning the 
physiological kyphosis of the thoracic vertebra. In this 
case, PJF progressed within two years, and the revision 
strategy should be away from the kyphotic vertex, at least 
above 2–3 segments; improve the fusion rate; and reduce 
junction failure caused by physiological activities.

In this report, it is essential to acknowledge that 
increased soft tissue dissection, disruption of the poste-
rior ligamentous complex, and excessive bone structure 
destruction may contribute to postoperative instrumen-
tation failure. Postoperative PI-LL mismatch and high PT 
were significantly related to instrumentation failure in 
previous studies [31, 35]. There was a significant imbal-
ance in the spino‒pelvic relationship during follow-up. 
The PI‒LL relationship should be used to avoid the risk 
of instrumentation failure caused by overcorrection; if 
the SVA is imbalanced, the sagittal sequence should be 
corrected during surgery [36]. Patient acceptance, physi-
cal health status, potential functional loss, and surgical 
efficiency affect the initial surgery decision [34]. There 
are limitations in this report, and full-spine X-rays were 

not included as part of the routine evaluation of scoliosis 
in the perioperative evaluation at our center. Attention 
should be given to the collection of global balance infor-
mation during follow-up.

Conclusion
Multilevel pediculolysis is a three-dimensional deform-
ity caused by stress anomalies and degenerative fac-
tors. Caution should be exercised in surgical planning to 
reduce long-term complications. For such patients, UIV 
selection, recovery alignment, and brace protection are 
the keys to treatment. The cause of pediculolysis is still 
unclear. Current reports on pediculolysis are all based on 
case-by-case pathological diagnosis and treatment, and 
more complete anatomical and biomechanical observa-
tions are needed.
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