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Abstract
Isolated bilateral pedicle stress fractures of the lumbar spine are rare events, and few cases are reported in the literature. 
Their occurrence is commonly related to post-operative complications of spine instrumentation but can also be associated 
with stress-related activities, degenerative spine conditions, trauma and other miscellaneous causes. The authors report a 
case of adjacent bi-level bilateral pedicle fracture that developed 5 years after an instrumented posterolateral lumbar fusion. 
We believe that this has never been described before, and we reviewed the current literature pertaining this subject.
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Introduction

Unlike spondylolysis, or stress fracture of the pars inter-
articularis, isolated bilateral pedicle stress fractures are 
extremely uncommon [1]. The biomechanical background 
of the pedicles, with increased strength and short moment 
arm than the pars, enables these structures to resist greater 
cyclic stress when force is transmitted through the vertebra 
[2]. These rare lesions can be related to trauma, activity-
related mechanical stress, altered bone biology or, most of 
the times, post-operative complications of spine instrumen-
tation, mainly at the upper level of posterior fusion [3–5]. 
The authors report a case of bi-level adjacent bilateral pedi-
cle fracture after a posterolateral L4–L5 fusion, which, to 
the best of our knowledge, has never been described, and 
we provide an explanation to this event in light with the 
current literature.

Case report

An 87-year-old woman was sent to our consultation office 
due to unrelenting back pain with 3 months of evolution, 
which started spontaneously after standing up from a 
chair, without any history of trauma or stress-related activ-
ity. Five years previously to this episode, she had L4–L5 
posterolateral fusion with cement-augmented transpedicu-
lar screws under a diagnosis of lumbar spine stenosis, in 
another institution. Physical examination revealed no motor 
weakness or sensory changes, but significant tenderness 
was present in the low back area and motion was limited, 
especially extension. Plain radiographs were without sig-
nificant alterations—the instrumentation was adequately 
placed, and there were no signs of fracture or instability 
on the flexion/extension X-rays (Fig. 1). Adjacent segment 
disease with decreased intervertebral space and sclerosis of 
the upper plate of L4 was evident. Computed tomography 
(CT) revealed bi-level bilateral pedicle fractures through L2 
and L3 (Fig. 2). We performed an extension of the posterior 
fixation with transpedicular screws in L2 and L3 (Fig. 3). 
Follow-up of 3 months revealed no residual low back pain 
and the patient returned to normal daily activities.   
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Fig. 1   Above - AP and lateral 
view of the lumbar spine - No 
signs of fracture or failure of 
instrumentation. Below - Flex-
ion/extension x-rays - no signs 
of instability

Fig. 2   Sagittal and axial CT 
cuts revealed bi-level bilateral 
pedicle fractures through L2 
and L3
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Discussion

The first reported case of bilateral pedicle stress fracture 
dates from 1991 [6]. Stress fractures occur in normal or 
abnormal bone when repetitive mechanical load exceeds 
the biological capacity of the bone [4]. Depending on the 
amount of stress applied to bone and on the elastic proper-
ties of bone tissue, they are classified as fatigue or insuf-
ficiency fractures. Fatigue fractures occur when abnormal 
muscular stress or torque is applied to bone with normal 
elastic resistance. Insufficiency fractures occur when nor-
mal physiological muscular stress is applied to bone with 
deficient elastic resistance or mineral content [7, 8]. The 
spine is a common fracture site secondary to osteoporosis, 
specifically, vertebral body compression fractures. However, 
stress fractures of the pedicle are much less common [9]. 
Vertebral pedicles are part of the posterior neural arch, and, 
like the pars interarticularis, are vulnerable to cyclic loads, 
although fractures of the former occur much more rarely 
than of the latter [10], mainly due to the fact that the pedicle 
has greater intrinsic strength and a shorter moment arm from 
the vertebral body and therefore can resist greater cyclic 
shear forces [11]. Cyron et al. [12] reported 5 pedicle stress 
fractures compared to 53 pars interarticularis fractures in 
vertebras subjected to experimental cyclic shear loads.

Unilateral pedicle stress fracture has been clearly 
described in the literature and is commonly associated with 
contralateral spondylolysis [13–16]. On the other hand, 
bilateral pedicle stress fracture is an uncommon event and 

has been mostly associated with previous spine surgery [2, 
17–20] and activity-related mechanical stress [11, 21, 22], 
although there are other case reports of bilateral pedicle 
stress fractures without the above-mentioned aetiologies—
Kim et al. [23] reported the case of a bilateral pedicle stress 
fracture on the second lumbar vertebra with spondylolisthe-
sis in a 63-year-old female patient in the setting of an anky-
losing spondylitis; Sadiq [9] reported the case of a bilateral 
pedicle stress fractures of the second lumbar vertebra in a 
36-year-old patient with a sedentary lifestyle and with no 
risk factor or inciting event; Han et al. [10] also reported 
a bilateral pedicle fracture of L5 on a 50-year-old female 
without an inciting event or cause; Doita et al. [7] reported 
2 cases of bilateral pedicle stress fractures. The first case 
was a 57-year-old male patient with a lumbar canal stenosis 
and bilateral pedicle stress fracture on L4. The second case 
was a 77-year-old female patient with an L5 vertebral body 
osteoporotic fracture with bilateral pedicle stress fracture on 
L4; Kang et al. [24] also reported a case of bilateral pedicle 
fracture of L3 in the setting of osteoporotic vertebral com-
pression fractures of L2 and L4; Hajjioui et al. [5] reported 
the clinical case of a 54-year-old woman with L4–L5 spon-
dylolisthesis due to bilateral pedicle fracture in the setting 
of steroid-induced osteoporosis for benign rheumatoid 
polyarthritis; Karabay et al. [4] reported a fourth lumbar 
bilateral pedicle fracture in a patient with osteoporosis and 
bisphosphonate therapy; and El Rachkidi at. al [25] reported 
a bilateral L5 pedicle fracture due to an 10 years usage of 
bisphosphonate therapy.

Load distribution is absorbed mainly by the interverte-
bral disc in the anterior segment. In the posterior segment, 
the load passes through the facet joints and is distributed 
among the posterior elements (pars interarticularis, lami-
nae, and pedicles), the pars being the most susceptible to 
injury, followed by the pedicles [26]. A stress fracture of 
the lumbar pedicle is rare but can occur, especially in con-
ditions in which the load on the neural arch is abnormally 
distributed. One setting in which the pedicle can experience 
increased stress is after surgery involving the posterior ele-
ments, whether after decompression surgery [27–29] or 
in the setting of posterolateral fusion with pedicle screws 
[2, 17–19, 30]. It is theorized that pedicles associated with 
posterolateral fusion masses experience abnormal repetitive 
shear forces due to continued motion through intervertebral 
discs, and the pars interarticularis, which normally shares 
these forces, is fixed in the fusion mass [21, 31].

Our patient did not have any predisposing risk factors 
for pedicle fracture except severe age-derived osteoporo-
sis (which explains the usage of cemented screws on the 
first surgery). Osteoporotic bone loss resulting in material 
and structural changes of the bone leads to an increased 
risk of stress fractures due to the weaken structure of 
the spinal bones [3]. Also, osteoporosis contributes to 

Fig. 3   Extension of the posterior fixation with transpedicular screws 
in L2 and L3
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cephalad compression fractures due to altered biomechan-
ics in adjacent segments associated with loss of motion at 
fused segments [32]. The rise in the stress concentration 
of the proximal spine segments leads to severe junctional 
changes. These acquired disturbances of the neural arch 
cause abnormal repetitive shear and cantilever forces, 
which result most of the times in fractures of the weakest 
zone, the pars interarticularis (spondylosis) or, in rarest 
occasions and as in our case report, fracture of the pedicles 
[19, 32]. Junctional pedicles, rather than the pedicles of 
the upper instrumented vertebra, are the ones that experi-
ence repetitive shear forces, because the latter are within 
the fusion mass. This is the physiopathology premise of 
our clinical case—with a stiff fusion mass at the lower 
lumbar spine augmented in strength due to the use of 
cement on the pedicle screws, a stress rise effect on the 
upper lumbar segments led to a combination of fatigue and 
insufficiency fracture of the pedicles. Only 1 very recent 
(2017) paper [32] reports adjacent bilateral pedicle frac-
tures after instrumented lumbar fusion. To our knowledge, 
there is no report on a bi-level adjacent bilateral pedicle 
fractures after instrumented lumbar fusion.

Due to the maintenance of pain despite conservative 
treatment, surgical intervention was performed, and the 
authors decided to extend the posterior fusion to the 
injured levels, with transpedicular screws at L2 and L3 
levels. The use of transpedicular screws may, in a theoreti-
cal basis, delay fracture healing, as it disturbs the blood 
supply to the fracture site [31]. The literature does not 
show any evidence that a pedicle screw causes avascular 
necrosis or delayed fracture healing, so uneventful healing 
was expect to occur. At 3-month follow-up, our patient was 
pain-free (VAS 0). The X-ray showed evidence of healing 
of both fracture lines. The patient resumed daily activities 
without pain.

Conclusion

Pedicle stress fracture adjacent to an instrumented fusion 
mass is an uncommon entity, and a bi-level pedicle stress 
fracture has never been reported before. It may, however, 
be a source of symptoms in patients with back pain after 
spine fusion. Surgeons caring for this group of patients 
should be aware of this condition.
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