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Pedicle Screws Loosening in Patients
With Degenerative Diseases of the Lumbar
Spine: Potential Risk Factors and Relative
Contribution
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Abstract

Study Design: Retrospective cohort study.

Objective: To determine risk factors that may affect the rate of pedicle screws loosening in patients with degenerative diseases
of the lumbar spine.

Methods: A total of 250 patients with a low-grade spondylolisthesis and lumbar instability associated with degenerative diseases
were enrolled. Preoperatively patients underwent computed tomography (CT) and cancellous bone radiodensity of a vertebral
body was measured in Hounsfield units (HU). Pedicle screw fixation was used to treat patients either with a posterior fusion only
or in combination with transforaminal lumbar interbody fusion (TLIF), anterior lumbar interbody fusion (ALIF), and direct lateral
interbody fusion (D-LIF). Minimal follow-up period accounted for 18 months. Cases with screw loosening were registered
assessing association with risk factors using logistic regression.

Results: The rate of screw loosening was in positive correlation with the number fused levels and decreasing bone radiodensity.
Fusion with a greater load-bearing surface cage was associated with the decrease in rate of pedicle screws loosening. Incomplete
reduction in case of spondylolisthesis, bilateral facet joints removal, and laminectomy performed without anterior support
favored pedicle screws loosening development. The estimated model classifies correctly 79% of cases with the specificity and
sensitivity accounting for 87% and 66% respectively.

Conclusions: The decreasing bone radiodensity in Hounsfield units has a considerable correlation with the rate of pedicle
screws loosening. On the other hand, the length of fixation and applied surgical technique including fusion type also have a
significant impact on complication rate. Spinal instrumentations should be planned by taking into account all potential risk factors
and not characteristics relevant to bone quality assessment alone.
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Introduction

Degenerative diseases of the lumbar spine are frequently

encountered in the older adult population and sometimes

require surgical interventions using pedicle screw fixation.

Despite the reported overall effectiveness, the applied

interventions are associated with a certain rate of complica-

tions that frequently require repeated surgery. A typical

complication that is associated with pedicle screw fixation

is screw loosening with the reported rate ranging from

0.8% to 27% and even may exceed 50% in patients with

osteoporosis.1,2,3,4 Taking into account great number of

spinal instrumentations performed annually and complica-

tion related concern, factors that influence implant stability
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should be studied to predict complication and to work out

an optimal surgical strategy.

The most frequently reported contributing factor to screws

loosening is altered bone quality; however, the efficacy of

different diagnostic modalities in bone quality assessment is

still debated. Dual energy x-ray absorptiometry (DXA) is fre-

quently used to assess bone mineral density (BMD), which is a

part of bone quality assessment. On the other hand, the results

of this examination can be strongly biased by degenerative

changes in facet joints and even by aortic calcification.5-8

Being useful in the workup of a variety of spinal conditions,

including degenerative diseases, computed tomography (CT) is

also capable of accurately defining bone radiodensity using

Hounsfield units (HU). Even though it has been reported that

BMD has a strong relationship with radiodensity measured in

HU, application of those parameters for implant failure predic-

tion remains controversial.9-11

The additional factors that are supposed to influence pedicle

screw instrumentation stability are lumbosacral fixation

because of sacral anatomy and multilevel fusion because of

an increased load on pedicle screws.1,3,4 It has been shown that

the resection of ligaments, facet joints, and laminectomy are

associated with the increased range of movements in a spinal

segment and as a consequence, an increase in the stress

on screw-bone interface that may lead to pedicle screws

loosening.12,13 It has been reported that the lack of the anterior

support is a significant factor for pedicle screws loosening;

however, the extent of the influence and the role of the applied

fusion type remain undetermined.14-16

Despite a considerable number of studies that were pub-

lished on screws loosening, the reported data remains incon-

clusive because of different criteria used as indicator for

implant loosening; the enrolled groups were heterogeneous

regarding pathology without assessment of potential bias

related. Furthermore, the majority of studies investigated the

only single factor influence without assessment of other poten-

tial effects.3

The objective of this study is to determine risk factors that

may affect the rate of pedicle screws loosening, unique contri-

bution, and their interference in patients with degenerative dis-

eases of the lumbar spine.

Patients and Methods

This study is a retrospective evaluation of 250 patients with

degenerative diseases of the lumbar spine and evident

instability of spinal segments including 80 males and 170

females with a male to female ratio of 0.47. The average

age of participants at the time of operation was 52 years

(SD ¼ 12.11; range 28-74 years). Patients with only axial pain

and those who presented with neurorological symptoms asso-

ciated with spinal stenosis were enrolled. Participants under-

went spinal instrumentations employing pedicle screws

fixation during the period from 2012 to 2015. The duration

of follow-up period was 18 months. The collected data during

the follow-up period was analyzed retrospectively and finally

radiographic criterion was used to assess outcomes. This study

was reviewed and approved by local institutional review board

committee, as long as all applied methods were conventional,

and no additional risks were found; the informed written con-

sent was received from all patients.

The inclusion criterion for participation in this study was

presence of a degenerative disease of the lumbar spine with

unstable spinal segments, which was confirmed by functional

radiograms or having low-grade symptomatic spondylolisth-

esis. Indications for spinal instrumentations were

� neurological deficit

� claudication

� axial and radicular pain syndromes with visual analog

scale (VAS) over 4 and Oswestry Disability Index (ODI)

over 40% resistant to repeated conservative treatment

The exclusion criteria were

� patients with high-grade spondylolisthesis (grades 3

and 4)

� patients with degenerative deformities that required

more than fixation of 5 segments or spinopelvic fixation

� evidence of tumor-related lesions of the lumbar spine

� patients with sagittal and frontal imbalance and spino-

pelvic parameters mismatches that require more than

5 segment fixation and spinopelvic fixation

� patients hospitalized for revision surgery

� patients with screw malposition and redirection detected

on postoperative CT images

� patients with different types of fusion applied on differ-

ent levels

Before the procedure, patients underwent a functional X-ray

imaging and CT examination, the criterion for spinal instability

were anterior translation greater than 3 mm and rotation more

than 10�.17 CT was used as a part of preoperative work. The CT

scans were performed from the T12-L5 levels using a single CT

scanner (Aquilion 32, Toshiba Corporation). The scans used a

slice thickness of 0.5 mm, covering a scan area of 50 cm. The

scan parameters included tube voltage 120 kV, tube current

300 mA, auto mA _cs range 180 to 400; 1.0 s/3.0mm/0.5 � 32,

helical-pitch 21.0. Integrated software was utilized for calcula-

tions of bone density (Vitrea Version 5.2.497.5523) incorpor-

ating a window width/window level ratio of 2000/500. During

CT examinations, measurements of a vertebral body cancellous

bone radiodensity in HU were obtained at standard level of L3

in the sagittal, axial, and coronal planes. Measurements in the

axial plane were taken at the level of the middle of the pedicles

while those in the sagittal and coronal planes were taken along

the geometric center of vertebra body. Oval-shaped trabecular

bone samples were selected using the maximal achievable dia-

meters without traversing into cortical bone to calculate bone

density in each plane. Then out of those figures, an average

radiodensity was calculated for each case.

Pedicle screw fixation with 6 mm polyaxial screws was used

to treat patients either as a stand-alone technique with the
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posterior fusion or in combination with interbody fusion. The

applied technique was standard. Pedicle screws were intro-

duced at least to the anterior third of a vertebral body, bicortical

screw placement was not used in the enrolled patients. Trans-

foraminal lumbar interbody fusion (TLIF) with a single cage or

anterior lumbar interbody fusion (ALIF) and direct lateral

interbody fusion (D-LIF) applying cage with a greater load-

bearing surface were used for interbody fusion (cages of

approximately the same properties were used for transpsoas

and anterior approaches). Cages that were used to perform

interbody fusion are present in Figure 1. Autograft of a locally

harvested bone was used to perform TLIF while solid allografts

were used to perform ALIF and D-LIF. If indicated, a decom-

pression of the nerve roots and spinal cord was performed. The

extensiveness of the applied decompression was categorized as

unilateral facet joints removal, bilateral facet joints with inter-

spinous ligament removal, and laminectomy.

The duration of the follow-up was 18 months. Patients

underwent examination using VAS scale, ODI questionnaire,

and CT examinations at the period of 6, 12, and 18 months after

interventions. Radiologic method was used to assess surgical

outcomes in this study. Patients with pedicle screws loosening

detected on CT images were registered, the criterion for screw

loosening was at least 1-mm radiolucent zone around the screw

and double halo sign.3 Figure 2 demonstrates the CT image in

patient with pedicle screws loosening signs. Finally, surgical

outcomes were classified in dichotomized scale either as pre-

sented with complication signs regardless the number of screws

loosened or without screws loosening detected.

Statistical Analysis

A power analysis was performed to estimate the required sample

size and it has been estimated that a sample of 180 patients was

required to achieve 80% power. The association between screws

loosening rate and potential risk factors was assessed using

logistic regression analysis. Somers’ D correlation was used as

a part of logistic regression analysis to assess the degree to which

a dependent variable is associated with a particular predictor.

Results

A heterogeneous group of 250 patients with degenerative dis-

eases of the lumbar spine who underwent spinal instrumenta-

tions with pedicle screws fixation was enrolled in this study, the

characteristics of the enrolled group are provided in Table 1.

During the follow-up period, 97 patients had presented with

CT signs of pedicle screws loosening (1-mm radiolucent zone

around at least 1 screw and double halo sign); however, out of

those only 39 complained of axial pain with ODI values over

40; those patients underwent revision surgery.

Using logistic regression analysis, the relationship between

potential risk factors and the rate of pedicle screws loosening

was estimated. The following factors were taken into account

assessing risk for pedicle screws loosening development: bone

density measured in HU, number of fused levels (the extension

of fixation), posterior fusion performed without anterior

support, type of interbody fusion, the extensiveness of

Figure 1. Cages that were used to perform transforaminal lumbar
interbody fusion (TLIF) and either anterior lumbar interbody fusion
(ALIF) or direct lateral interbody fusion (D-LIF) in patients enrolled in
this study.

Figure 2. Computed tomographic image of a lumbar spine in a cor-
onal plane. Bilateral double halo sign is evident on L3 level (radiolucent
zone surrounded by sclerotic bone).
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decompression, unrestored alignment with anterior translation

of more than 3 mm in case of spondylolisthesis and lumbosa-

cral fusion. The parameters of estimated logistic regression

model with highest explanatory value are presented in Table 2.

According to the regression analysis results presented in Table

2, the most significant contributing factors to pedicle screw

loosening were the number of fused levels and radiodensity.

The rate of screws loosening was in positive correlation with

the number fused levels and decreasing bone density. Applica-

tion of cage with greater loadbearing surface applying ALIF

and transpsoas approaches was associated with the decrease in

rate of pedicle screws loosening (22% vs 43%). Incomplete

reduction in case of spondylolisthesis was associated with a

moderate rise in the rate of pedicle screws loosening (49% vs

36%). The influence of factors related to the amount of per-

formed decompression was either small or moderate. Bilateral

facet joints removal and laminectomy performed without ante-

rior support favored pedicle screws loosening development

(55% vs 34% and 91% vs 33% respectively). The influence

of other factors including higher order interactions between

predictors was insignificant. The overall goodness of fit of

estimated model was w2 ¼ 97.771, P < .0001. The estimated

model classifies correctly 79% of cases with the specificity and

sensitivity accounting for 87% and 66% respectively.

Discussion

Being the only way to improve the quality of life in certain

cases, pedicle screws fixation is broadly used in patients with

degenerative diseases of the lumbar spine and number of

interventions performed annually is on the rise across the

world. Taking into account the observed tendency, even a small

rate of complications can cause considerable negative social

effects and over expenses. Screws loosening is one of the most

frequently reported typical complication of pedicle screws

fixation that is associated with the necessity of the revision

surgery. Despite a considerable number of articles covering

this topic, the reported data remains, to some extent, inconclu-

sive, because of different criteria used for pedicle screw loosen-

ing identification and because of different study designs.3 The

majority of studies were focused on impact of BMD on the rate

of screws loosening; however, it has been proven that bone

quality is not the only contributing factor.1,3,4

The most spoken predictor favoring pedicle screws loosen-

ing development is altered bone quality with osteoporosis in

severe cases. Osteoporosis is defined as a disease with a gen-

eralized decrease in bone mass and associated decline in the

architectural makeup of bone tissue, with a result of a decrease

in bone strength and an increased risk in the incidence of bone

low-energy fractures.5 BMD is the most frequently used criter-

ion for bone quality assessment. On the other hand, it has been

proven that BMD is not the ultimate parameter associated with

the mechanical properties of bone.5,18 As a consequence, the

controversies on validity of diagnostic modalities used for bone

quality assessment are still present. The vast majority of trials,

which are focused on implant studies, are based on the assump-

tion that figures of BMD that correspond to the osteoporosis

criterion are also associated with a decline in capability to

sustain loads without failure in patients who were operated

on with pedicle screw fixation. On the other hand, there is still

inconclusive evidence that those figures are the best predictive

value in relation to the loosening of pedicle screws. DXA is

frequently used as a screening tool for patients with osteoporo-

sis and osteopenia detection, although, the preciseness of this

option remains controversial because of a potential bias caused

by degenerative changes in posterior structures and even by

calcified aorta.19-22 In contrast, according to the findings

reported in recent articles, there is growing evidence that radio-

density measured in HU has a strong relationship with bone

mineral density and potentially has a predictive value in rela-

tion to the rate of low-energy fractures, implant instability, and

pseudoarthrosis.9,23-26 The results of our data analysis show

that the rate of pedicle screws loosening was in positive relation

with the decreasing radiodensity and the statistical significance

of regression coefficient was strong; however, the impact of

other detected factors were also considerable.

The second most contributing factor in the estimated regres-

sion model was the length of fixation. The significance of this

factor was discussed in several articles and the explanation of

observed effect is an increase in cantilever bending moments

loaded by longer level instrumentation.1,3,4 According to the

results of the analysis the impact of fixation length on the

pedicle screws loosening rate was considerable and comparable

to the one associated with bone radiodensity in HU.

Table 1. Characteristics of the Enrolled Group of Patients.

Characteristic No. of patients (%)

No. of levels fused
1 153 (61.2)
2 70 (28.0)
3 21 (8.4)
4 5 (2.0)
5 1 (0.4)

Out of those with lumbosacral fixation 122 (48.8)
The applied fusion type

Posterior fusion only 38 (15.2)
TLIF 162 (64.8)
Cage with a greater load surface

(ALIF, D-LIF)
50 (20.0)

The amount of decompression
No resection of posterior structures 74 (29.6)
Laminectomy 62 (24.8)
Unilateral total facet joints removal 118 (47.2)
Bilateral total facet joints removal on

at least 1 level
56 (22.4)

Residual slip of vertebra in case of
spondylolisthesis >3 mm

49 (19.6)

Characteristics of bone
Radiodensity (HU) Mean ¼ 127.94; SD ¼ 41.12;

range 41,13-282.00

Abbreviations: ALIF, anterior lumbar interbody fusion; D-LIF, direct lateral
interbody fusion; TLIF, transforaminal lumbar interbody fusion.
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The least discussed factors with potential relevance to the

pedicle screws loosening development, are the type of fusion

and the extensiveness of decompression. Biomechanical stud-

ies have shown that inadequate anterior support may increase

stress to the bone-screw interface finally resulting in a screw

loosening.3 The biomechanical properties and outcomes of var-

ious types of fusion were studied in several articles and it has

been reported that interbody fusion from the anterior approach

does not provide considerable benefits over transforaminal

interbody fusion, nonetheless, the stability provided by ALIF

cage was slightly higher.14-16 According to the results of the

regression analysis, application of a broad cage used for ALIF

was associated with a significant decrease in the rate of screws

loosening. A possible explanation of the observed effect is that

cages applied for TLIF procedure provides support in the cen-

tral part of the endplate, conversely broad cage provides load

on periphery of endplate with greater compressive strength and

distribution of load on greater surface, finally providing toler-

ance to the applied forces.27

Lumbosacral fusion was reported as a potential risk factor

for screws loosening development because of the anatomy spe-

cificity and greater loads on pedicle screws.4,28 According to

the results of our study, lumbosacral fusion turned out to be

insignificant factor while the sample size of 250 patients with

the proportion of those with lumbosacral fusion accounted for

48.8% is sufficient to assess the potential influence. The expla-

nation for the observed result is that predictors of a stronger

impact override the influence of lumbosacral fixation on pedi-

cle screws stability.

It has been clearly determined that gradual resection of

facet joints result in an increased range of motion in rotation,

while laminectomy increases the range of motion in bending

and extension.12,13 On the other hand, the most reliable

mechanisms of screws loosening were considered cyclic cau-

docephalad toggling and rotational stress causing micromove-

ments between vertebral body and screws that may finally

resulted in the screws loosening.29 After the bilateral facet

joints removal an additional rotational stress at the interface

of bone and screw was expected, finally resulting in an

increased rate of loosening. Even though the effect of bilateral

facet joints removal was statistically significant, the relative

influence was small. It was expected that laminectomy and

posterior fusion without anterior support would cause a con-

siderable increase in pedicle screws loosening rate; however,

neither a former nor a latter caused any significant effect inde-

pendently. In contrast, a combination of those factors notice-

ably favored the development of pedicle screws loosening and

strongly outweighed the expected first order effects.

Overall impact of altered biomechanics related to an incom-

pletely reduced vertebral body in the case of spondylolisthesis

remains unclear because no additional benefits associated with

complete reduction versus fusion in situ were found in patients

with a low-grade spondylolisthesis.30 On the other hand, it has

been proven that even biomechanical properties like spinopel-

vic parameters may influence loosening rate.4 According the

results of our study the residual slip of over 3 mm in case of

spondylolisthesis is a significant factor for the development of

pedicle screws loosening; furthermore, a considerable unique

contribution in the estimated model cannot be denied because

no significant correlation with any other factors was found.

Finally, the results of our study provide some evidence that

bone radiodensity measured in HU has relevance to pedicle

Table 2. The Estimated Parameters of Logistic Regression Model.a

Components of Regression Model Regression Coefficient Odds Ratio per Unit Change [95% CI] Somers’ D r

Intercept �0.1438
P ¼ .8758

— —

No. of fused levels 0.8905
P = .0198

2.4364 [1.1534, 5.1464] 0.6402

Radiodensity, HU �0.0264
P < .0001

0.9739 [0.9640, 0.9840] �0.5735

TLIF cage versus ALIF and D-LIF cage used 1.0591
P = .0272

2.8838 [1.1282, 7.3719] 0.5305

Bilateral total facet joints removal (at least one level) 1.0186
P = .0471

2.7694 [1.0132, 7.5694] 0.0350

Residual slip over 3 mm in case of spondylolisthesis 0.9374
P = .0184

2.5534 [1.1726, 5.5604] 0.1122

Laminectomy performed without interbody fusion 0.9374
P = .0013

36.3566 [4.1372, 319.4933] 0.0190

Lumbosacral fusion 0.4803
P ¼ .6002

1,5042 [0.3249, 6.9633] 0.3717

Laminectomy �0.7075
P ¼ .2124

0.4928 [0.1616, 1.5027] 0.1186

Posterior fusion performed without interbody fusion �0.6161
P ¼ .1074

0.540 [0.2548, 1.1445] 0.0513

Abbreviations: ALIF, anterior lumbar interbody fusion; D-LIF, direct lateral interbody fusion; TLIF, transforaminal lumbar interbody fusion.
aP values in boldface indicate statistical significance (P < .05).
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screws loosening prediction. On the other hand, studied char-

acteristic of cancellous bone is not the only contributing factor

to pedicle screws loosening development. The results of the

regression analysis demonstrate that pedicle screws loosening

rate can be strongly influenced by the number of levels fused

and applied surgical technique.

This study has certain limitations that must be acknowl-

edged. The proportion of the enrolled patients with altered bone

quality was relatively high so that it is plausible that screw

loosening would have an overall high prevalence. In addition,

the number of participants in this study was relatively small,

however, the power analysis confirmed that the sample size

was sufficient to support the reached conclusions.

Conclusion

The decreasing bone radiodensity in Hounsfield units has a

considerable correlation with the rate of pedicle screws loosen-

ing. On the other hand, the length of fixation and applied sur-

gical technique, including fusion type, also have a considerable

impact on complication rate. Spinal instrumentations should be

planned by taking into account all potential risk factors and not

characteristics relevant to bone quality assessment alone.
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