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ORIGINAL ARTICLE SPINE SURGERY AND RELATED RESEARCH

Risk Factors for Clinically Relevant Loosening of Percutaneous
Pedicle Screws
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Abstract:
Introduction: (1) To evaluate the influence of pedicle screw loosening on clinical outcomes; (2) to clarify the association

between the pull-out length and screw loosening 1 year after surgery; and (3) to determine radiographically which screw pa-

rameters predominantly influence the pull-out resistance of screws.

Methods: We analyzed 32 consecutive patients who underwent minimally invasive lumbar or thoracic spinal stabilization

by intraoperative three-dimensional computed tomography (CT)-guided navigation without anterior reconstruction and were

followed up for 1 year. The screw pull-out length was measured on axial CT images obtained both immediately after screw

insertion and postoperatively. Loosening of screws and clinical outcomes were evaluated radiographically, clinically, and by

CT 1 year after surgery.

Results: There were no significant differences in the mean age, sex, bone mineral density, mean stabilized length, and

smoking habits of patients with (+) or without (−) loosening. The Oswestry Disability Index and the lumbar visual analog

scale 1 year after surgery were significantly higher in patients with loosening (+) than in those without (−). The overall

pedicle screw pull-out rate was 16.2% (47/290) of screws and the overall screw loosening rate was 15.2% (44/290) of

screws. Screws with loosening (+) had significantly lower (axial) trajectory angles and higher screw pull-out lengths than

those without (−). Approximately 82% of loosened screws had been pulled out during rod connection.

Conclusions: A lower axial trajectory and an increased screw pull-out length after rod reduction are crucial risk factors

for screw loosening.
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Introduction

Posterior pedicle screw instrumentation has become the

most frequently used surgical technique to treat spinal disor-

ders1)．Recently, a minimally invasive spine surgery tech-

nique, percutaneous pedicle screw (PPS) placement, has

been growing in popularity with the concept of an internal

splint to achieve stability of the thoracolumbar spine in a

variety of indications, such as vertebral fractures, vertebral

osteomyelitis, and metastatic spinal tumors2)．However, poor

screw-to-bone fixation or local high strains at the bone-

screw interface might cause clinical problems such as screw

loosening3)．Numerous biomechanical studies of pedicle

screw pull-out strength have been conducted using human

cadaveric spine specimens, animal spine models, or bone

models4-9)．However, these studies have remained limited be-

cause it is difficult to accommodate the wide variety of ac-

tual clinical factors.

High accuracy and a low rate of facet joint violation in

patients undergoing PPS with intraoperative computed to-

mography (CT) (O-arm)-guided navigation (CT-IGN) have

recently been demonstrated10). In these cases, the positions of

pedicle screws have been determined by CT both immedi-

ately after pedicle screw insertion and 1-7 days postopera-

tively. Therefore, the pull-out length of the pedicle screw

during rod connection can be measured as the difference be-

tween the two CT images.

Here, we propose a novel method to evaluate screw pull-

Corresponding author: Tetsuro Ohba, tooba@yamanashi.ac.jp

Received: April 11, 2018, Accepted: July 4, 2018, Advance Publication: August 25, 2018

Copyright Ⓒ 2019 The Japanese Society for Spine Surgery and Related Research



Spine Surg Relat Res 2019; 3(1): 79-85 dx.doi.org/10.22603/ssrr.2018-0018

80

out strength clinically using the pull-out length with CT-

IGN. The purpose of this study was to (1) evaluate the in-

fluence of pedicle screw loosening on clinical outcomes; (2)

clarify the association between the pull-out length and pedi-

cle screw loosening 1 year after surgery; and (3) determine

radiographically which pedicle screw parameters predomi-

nantly influence the pull-out strength of PPS.

Methods

Patient group

This study was approved by our institutional review

board. Written informed consent was received from all eligi-

ble patients. This study involved a retrospective analysis of

32 consecutive patients who underwent minimally invasive

lumbar or thoracic spinal stabilization using intraoperative

CT-IGN without anterior reconstruction by two board-

certified spinal surgeons at a single institute from 2015 to

2016. The inclusion criteria were age >60 years and follow-

up for a minimum of 1 year. Basic demographic and surgi-

cal data, including age, sex, and bone mineral density

(BMD), were collected.

Surgical technique

The patients were placed in the standard prone position

on a Jackson table (Mizuho OSI, Union City, CA). A

spinous process bone clamp attached to the reference frame

was placed one spinal level above the level of fusion. Navi-

gation tools were registered and the O-arm scanner (Med-

tronic, Louisville, CO) was then used to obtain intraopera-

tive CT images that were transferred to a computer naviga-

tion system (Stealth Medtronic Navigation, Louisville, CO).

Skin incisions were determined based on the pedicle entry

point by navigated planned pedicle screw trajectories. A

navigated awl was used to enter the center of the bony pedi-

cle canal as determined by the image data viewed in the ax-

ial, coronal, and sagittal planes, followed by guide wire

placement. Tap and pedicle screws were placed using the

guide wire. Before rod connection, further intraoperative CT

was used to verify the position of the screws to make sure

their placement needed no revision. No revisions were

needed in the present treatment group. A titanium alloy rod

with a diameter of 5.5 mm was used for all cases. Rods

were inserted from the most cranial skin incisions and set

screws were installed from the cranial side to the caudal

side.

Radiological evaluation

All patients underwent postoperative imaging using an

eight-slice multi-detector CT system with a 0.83 mm section

thickness (Lightspeed Ultra; GE Healthcare, Milwaukee,

WI). Screw positioning was assessed via axial, sagittal, and

coronal plane images to determine whether screw breaches

occurred medially, laterally, inferiorly, or superiorly. The ac-

curacy of screw placement was evaluated according to crite-

ria published by Neo at al.11).

The axial and sagittal screw trajectory angles to the mid-

sagittal line and superior endplate at each thoracolumbar

vertebral level were measured in the axial and sagittal CT

images12) (Fig. 1A, B). After the size of CT images was nor-

malized using the diameter of the same vertebrae, the screw

pull-out length was measured in axial CT images scanned

both immediately after the pedicle screw was inserted and 1-

7 days postoperatively (Fig. 1C). Screw pull-out was defined

as an observation of more than 1 mm pull-out length. Pedi-

cle screw loosening was defined as a lucent zone around the

screw as described previously in axial and sagittal CT im-

ages obtained 1 year postoperatively12).

All axial and sagittal trajectory angles, screw pull-out

length, and loosening and accuracy of pedicle screw place-

ment were determined by two independent spinal surgeons

blinded to the patient data.

Clinical outcomes

The postoperative baseline patient health status was meas-

ured (for lumbar pain-related factors) using the Roland-

Morris Disability Questionnaire (RDQ), the Oswestry Dis-

ability Index (ODI), and the lumbar visual analog scale (L-

VAS) 1 year after surgery.

Statistical analysis

All data are reported as means ± SD. Data were ana-

lyzed using two-sided Student t or Fisher exact tests to de-

termine significant differences. All statistical calculations

were performed with Prism version 6.0 (Graph Pad Soft-

ware, La Jolla, CA). P < 0.05 was considered statistically

significant (*P < 0.05, **P < 0.01, ***P < 0.001, ****P <

0.0001).

Results

Overall, 298 pedicle screws were placed at various levels

of the spine as depicted in Fig. 2A. According to NEO grad-

ing (for grades 1-3), the overall pedicle breach rate was

2.7% (8/298) of screws. No cases of neurovascular injury

were caused by screw placement in either group. As the

number of screws that breached a pedicle was small, these

screws were excluded from further analysis.

Table 1 summarizes the preoperative baseline characteris-

tics of the patients with (+) or without (−) pedicle screw

loosening 1 year after minimally invasive surgery for poste-

rior spinal fusion with intraoperative CT-IGN. No significant

differences were observed in the mean age of patients, their

sex, average BMD (young adult mean %), mean stabilized

length, or proportion of smokers between groups with (+)

and without (−) screw loosening. The ODI, RDQ, and L-

VAS scores were not significantly different between the

groups before surgery (P > 0.05; Table 2). Two scores, ODI

and L-VAS, significantly improved after surgery in all pa-

tients in both groups (P < 0.01; Table 3). These 2 scores at

1 year after surgery were significantly higher in patients in



dx.doi.org/10.22603/ssrr.2018-0018 Spine Surg Relat Res 2019; 3(1): 79-85

81

Figure　1.　A and B. Graphical definition of axial and sagittal trajectory angles. C. Graphical definition of 

screw pull-out length. The screw pull-out length was measured in axial CT images scanned both immedi-

ately after pedicle screw insertion and postoperatively.

the group with screw loosening (+) than in those in the

group without loosening (−) (P < 0.05; Table 2). By con-

trast, the RDQ scores 1 year after surgery were not signifi-

cantly different between the groups (P > 0.05; Table 2).

The overall pedicle screw pull-out rate was 16.2% (47/

290) of screws; 8.5% (4/47) of screw pull-out was observed

at the upper instrumented vertebra (UIV) and 59.6% (28/47)

at the lowest instrumented vertebra (LIV) (Fig. 2B). We

found multiple pull-out screws in 15 patients, with an aver-

age of 2.6 ± 0.83 pull-out screws in each case. When we

compared the screw pull-out length between the thoracic and

lumbar levels, that at the lumbar levels was significantly

greater than that at the thoracic levels (supplementary fig-

ure).

The overall pedicle screw loosening rate was 15.2% (44/

290); 11.4% of screw loosening was observed at the UIV,

and 68.2% was observed at the LIV (Fig. 2C). The diame-

ters, lengths, and trajectory angles (sagittal) of the screws

placed were not significantly different between patients in

the groups with (+) or without (−) screw loosening (Table

3). By contrast, screws with loosening (+) had significantly

lower (axial) trajectories and higher screw pull-out lengths

than those without loosening (−) (Table 2). Interestingly,

81.8% (36/44) of patients with loosened pedicle screws had

developed the screw pull-out phenomenon postoperatively

(Table 3).

Discussion

Our data showed that the ODI 1 year postoperatively was

significantly higher in patients in the group with pedicle

screw loosening (+) than in those in the group without

screw loosening (−). Additionally, the present study indi-

cated that the screw pull-out phenomenon during rod con-

nection in patients undergoing PPS with intraoperative CT-

IGN could be evaluated using intra- and postoperative CT.

Moreover, screw pull-out was a risk factor for screw loosen-

ing, and both screw pull-out and loosening were observed

frequently at the LIV. A higher axial trajectory decreased the

possibility of screw loosening.
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Figure　2.　A. Graph showing the spinal level of PPS with CT-IGN. B. Frequency of the screw 

pull-out phenomenon at the UIV, the LIV, or the interlevel. C. Frequency of screw loosening at the 

UIV, the LIV, or the interlevel. Abbreviations: PPS=percutaneous pedicle screw; CT-

IGN=computed tomography image-guided navigation; N=total number of pedicle screws placed; 

S=sacral spine; Th=thoracic spine; L=lumbar spine; UIV=upper instrumented vertebra; LIV=lower 

instrumented vertebra

Screw loosening is a clinically relevant complication and

sometimes causes pain and the need for revision surgery13).

Our data indicated that screw loosening causes worse ODI

and VAS scores 1 year postoperatively. Risk factors for

screw loosening have been reported to be older patient age

and lower bone density14,15). By contrast, clinical evidence of

modifiable risk factors for screw loosening was missing14).

Numerous biomechanical studies in vitro have attempted to

clarify crucial factors for the anchorage capacity of pedicle

screws, focusing on bone density, insertion depth, misplace-

ment, and insertion angle. However, these studies have in-

herent limitations associated with a cadaveric study and/or

bone models, in which it is difficult to mimic the actual

clinical situation, such as the influence of adjacent vertebral

musculature and ligaments, and the wide variations in the

material properties of bone, living tissues, and postoperative

loading4-6,9,16-22). Therefore, the strengths and clinical relevance

of this study are that it showed that a lower axial trajectory

and a high screw pull-out force during rod connection might

be crucial risk factors for PPS loosening in clinical situ-

ations. A rod reduction device has been reported as the

cause for screws to be pulled toward the rigid rod, causing a

failure of the screw-bone interface in deformity-correction

surgery23,24). Our study indicated that this pull-out force to-

ward the rod in the PPS system might be a risk factor for

screw pull-out during rod connection, especially at the LIV.

Therefore, more attention to the screw pull-out force result-

ing in screw loosening at the LIV in PPS systems might be
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Table　1.　Summary of the Preoperative Demographics of Patients with or 

without PS Loosening 1 Year after Surgery.

Loosening P
(–) (n=11) (+) (n=21) 

Age, *y  64.5±16.5 72±8.2 0.098

Sex (female/male)  5/6 9/12 0.9

BMD* (young adult mean %)  75.8±19.5 79±14 0.69

Stabilized length* 4.73±1.0 4.67±1.28 0.89

Smoker (%)  2 (25%)  3 (14.3%) 0.9

No. of loosening PS (%) 0 (0%) 44 (15.6%) 

Primary diagnosis

Trauma 9 16

Infection 0  2

Metastasis 2  3

PS=pedicle screw; BMD=bone mineral density; *mean±standard deviation (SD)

Table　2.　Comparison of Clinical Outcomes with or without Loosening.

Loosening P
Overall (n=32) (–) (n=11) (+) (n=21)

Pain score before surgery

ODI# (%) 53.9±27 59±29 51.3±26.9 0.59

RDQ# (points) 17±6.4 14±8.5 17.9±5.9 0.38

VAS# (Lumbar) 7.1±3.7 7.3±3.2 6.9±2.6 0.18

Pain score after surgery

ODI# (%) 22.8±19.8 10.8±9.6 29±21.9 <0.05*

RDQ# (points) 8.7±6.8 6±4.47 10.1±7.5 0.28

VAS# (Lumbar) 3.4±2.6 1.3±0.9 4.7±2.5 <0.05*

ODI=Oswestry Disability Index; RDQ=Roland–Morris Disability Questionnaire; VAS=visual analog scale
#Mean±standard deviation (SD)

P denotes significance of difference between patients in groups with (+) and without (–) loosening.

*P<0.05 

Table　3.　Comparison of PS Parameters with or without Loosening.

Loosening P
(–) (n=246) (+) (n=44)

Screw diameter# (mm) 6.34±0.87 6.55±0.87 0.17

Screw length# (mm) 42±3.47 42.7±2.94 0.21

Screw trajectory angle (axial) # (°) 22.3±9.5 18.9±9.1 <0.05*

Screw trajectory angle (sagittal) # (°) 6.63±5.5 5.18±3.82 0.098

Screw pull-out length# (mm) 0.114±0.58 4.31±4.92 <0.0001****

No. of screw pull-out (%) 11 (4.5%) 36 (81.8%) 

PS=pedicle screw
#Mean±standard deviation (SD)

*P<0.05; ****P<0.0001

needed (Fig. 3).

The present study has some limitations, including its com-

paratively small sample size and that it is not case con-

trolled. CT evaluation after inserting the screw was done

during surgery, but CT evaluation after connecting the rod

and screw in a reduction maneuver was done after surgery,

not during surgery. This study investigated cases without an-

terior reconstruction, and it is possible that the outcome may

change when anterior reconstruction is performed. The study

patients were relatively young, and young adult mean % had

an average of 70% or more, with no bone vulnerability. Fur-

ther studies focusing on modifiable treatment strategies to

avoid screw loosening, including the rod material and di-

ameter; the gap of alignment at the fusion levels and accu-

rate rod bending to decrease the gap of alignment at the fu-

sion levels; the proportion of the pull-out length and the
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Figure　3.　Representative case with screw pull-out during rod reduction, resulting in screw loosening at the LIV. Abbrevia-

tions: LIV=lower instrumented vertebra

screw diameter per pedicle width, and the order of the set

screws installed are warranted because these factors might

affect screw pull-out. Additionally, the results of this study

are not satisfactory clinically. Thus far, these patients have

only undergone drug treatment, such as with TERI-

PARATIDE, and need a longer follow-up to determine the

outcomes. Hence, the strategy for revision surgery should be

established by further studies. Nevertheless, to our knowl-

edge, this is the first study to evaluate the screw pull-out

length during rod reduction and to consider associations

with PPS loosening.

Conclusions

A lower axial trajectory and an increased screw pull-out

length after rod reduction are crucial risk factors for screw

loosening.
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