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Comparison of the Pull-Out Strength between a
Novel Micro-Dynamic Pedicle Screw and a
Traditional Pedicle Screw in Lumbar Spine
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Objective: This study aimed to investigate the strength of a novel micro-dynamic pedicle screw by comparing it to the
traditional pedicle screw.

Methods: Forty-five lumbar vertebrae received a traditional pedicle screw on one side and a micro-dynamic pedicle
screw on the other side as follows (traditional group vs micro-dynamic group): 15 vertebrae underwent instant pull-out
testing; 15 vertebrae underwent 5000-cyclic fatigue loading testing; and 15 vertebrae underwent 10,000-cyclic fatigue
loading testing and micro-computed tomography (micro-CT) scanning. The peek pull-out force and normalized peek
pull-out force after instant pull-out testing, 5000-cyclic and 10,000-cyclic fatigue loading testing were recorded to esti-
mate the resistance of two types of screws. Bone mineral density was recorded to investigate the strength of the dif-
ferent screws in osteoporotic patients. And the semidiameter of the screw insertion area on micro-CT images after
fatigue were compared to describe the performance between screw and bone surface.

Results: The bone mineral density showed a weak correlation with peek pull-out force (r = 0.252, P = 0.024). The
peek pull-out force of traditional pedicle screw after 10,000-cyclic fatigue loading were smaller than that of instant
pull-out test in both osteoporotic (P = 0.017) and healthy group (P = 0.029), the peek pull-out force of micro-
dynamic pedicle screw after 10,000-cyclic fatigue loading was smaller than that in instant pull-out test in osteopo-
rotic group (P = 0.033), but no significant difference in healthy group (P = 0.853). The peek pull-out force in tradi-
tional group and micro-dynamic group underwent instant pull-out testing (P = 0.485), and pull-out testing after
5000-cyclic fatigue loading testing (P = 0.184) did not show significant difference. However, the peek pull-out
force in micro-dynamic group underwent pull-test after 10,000-cyclic fatigue loading testing was significantly
greater than that measured in traditional group (P = 0.005). The normalized peek pull-out force of traditional
groups underwent instant pull-out testing, pull-out test after 5000-cyclic and 10,000-cyclic fatigue loading testing
significantly decreased as the number of cycles increased (P < 0.001); meanwhile, the normalized peek pull-out
force of micro-dynamic groups remained consistent regardless of the number of cycles (P = 0.133). The semidiam-
eter after the fatigue loading test of the traditional screw insertion area was significantly larger than that of the
micro-dynamic screw insertion area (P = 0.013).
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Conclusion: The novel micro-dynamic pedicle screw provides stronger fixation stability in high-cyclic fatigue loading
and non-osteoporotic patients versus the traditional pedicle screw, but similar resistance in low-cycle fatigue testing
and osteoporotic group vs the traditional pedicle screw.
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Introduction

Spinal fusion and rigid fixation have been the main surgical
treatment options for spine surgery, such as lumbar

degenerative disease, lumbar instability and scoliosis1, 2.
Although rigid fixation can provide great biomechanical sta-
bility, potential complications associated with this approach
have been reported in recent years. The prevention of motion
of the surgical segment leads to high stress on the fixation
implant, increasing mobility, and intradiscal pressure at adja-
cent levels3. This may result in adjacent segment degeneration
and loosening/rupture of the fixation implant4–9. Non-fusion
and dynamic fusion instruments have been designed to pre-
vent adjacent segment disease. Among those dynamic fusion
instruments, the posterior dynamic stabilization devices are
most commonly used. The posterior pedicle screw-based flexi-
ble devices aim to allow micro motion between segment and
also provide stability to reduce the back pain. The other
dynamic stabilization devices such as Interspinous Process
Distraction devices can decompress the intervertebral disc and
nerve by expanding the space between interspinous, without
pedicle screw insertion10. However, for devices such as the X-
Stop (St. Francis Medical Technologies, Alameda, California)
and DIAM (Medtronic Sofamor Danek, Memphis,Tennessee)
used in minimally invasive spine surgery, spinous process
fracture may be difficult to avoid11, 12.

The pedicle screw based posterior dynamic stabilization
devices are frequently used as dynamic fusion devices now.
Numerous pedicle-based dynamic fixation systems are cur-
rently available in an attempt to overcome the limitation of
rigid fixation13, 14. The characteristic of those pedicle-based
dynamic fixation systems is the moving design to prevent
degeneration of adjacent segments. Among those dynamic
fusion systems, several systems provide pivoting of the screw
head with little longitudinal translation, such as the Dynesys
and the Cosmic (Ulrich Medical GmbH, Ulm, Germany).
Others provide longitudinal translation with limited pivoting
of the head, such as the DSS Stabilization System (Paradigm
Spine, LLC, New York, NY, USA) and the N-Flex (Synthes
Spine Co., West Chester, MA, USA). Among these designs, the
Dynesys and Cosmic systems are the most widely used with a
larger body of evidence available from follow-up studies. A lit-
erature review on Dynesys system conducted by the National
Institute for Clinical Excellence of the National Health Service
in the United Kingdom has shown that the Dynesys system
can be helpful for patients with intractable lumbar pain15. Nev-
ertheless, studies have reported that patients receiving the
Dynesys system complain of both back and leg pain, with a

relatively high infection rate16. A 2-year follow up study
reported that Cosmic system can provide safe stabilization and
release the pain for the patients with disc herniation17. How-
ever, the hinge joint of the Cosmic system does not prevent
stress concentration, leading to damage of the screw.

The current understanding of the dynamic spinal fusion
instrument is to preserve micro motion as well as provide safe
stabilization. But it is difficult for most dynamic devices to
provide the same longtime effective stabilization as the non-
rigid design. Thus, a micro-dynamic design based on pedicle
screw fusion system is needed. Several studies about dynamic
pedicle screw fusion system have been reported, and the
dynamic pedicle screw fusion system is such a design, aiming
to reduce the concentration of stress on implants and preserve
the motion of instrumented and adjacent segments18, 19. Our
team have designed such a novel micro-dynamic pedicle
screw. The connection between the bone and the nail was
achieved using a ball-and-socket joint, allowing the nail to
move within this structure. And the ball-and-socket joint
restricts the motion between the nail and tail within 6�, to
preserve the micro-motion locking of the screw-rod joint and
prevent excessive motion which may lead to failure of the
fusion. The novel micro-dynamic pedicle screw is composed
of two parts (i.e., the nail body and nail tail). The connection
between the body and nail is achieved through a ball-and-
socket joint that can provide motion in all planes. Besides, the
design of the ball-and-socket joint restricts motion between
the nail and tail within 6�, to achieve reasonable physiological
motion and prevent instability caused by large motion. The
thread length and diameter of the novel pedicle screw is iden-
tical to that of the traditional pedicle screw (Fig. 1).

Recent studies indicated that the micro-dynamic pedi-
cle screw design provides an improved range of motion and
load transfer behavior vs conventional pedicle screws18, 20.
However, the resistance performance of the micro-dynamic
pedicle screw, especially in the situation of fatigue loading,
remains unknown.

The purpose of this study was to investigate the effec-
tiveness of the novel micro-dynamic pedicle screw for the
prevention of loosening after instant insertion and fatigue
loading, the resistance of the novel micro-dynamic pedicle
screw in osteoporotic patients, and the difference in the per-
formance between the novel micro-dynamic pedicle screw
and traditional pedicle screw between the screw and bone
surface in lumbar spinal fusion. For this evaluation, the pull-
out force after fatigue resistance testing at different cycles
was compared between the micro-dynamic screw and the
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traditional pedicle screw. In addition, the fixation strength of
two types of screws was examined by comparing the sur-
rounding bone structure of implants on micro-computed
tomography (micro-CT) images.

Materials and Methods

Ethical Approval
The experimental design of this study was approved by our
Institutional Review Board prior to the initiation of the study.

Specimen Preparation
Ten human cadavers (five males and five females) were
harvested for this study. All specimens were radiographed to
exclude spinal deformity, fracture, or malignancy. One female
cadaver was excluded due to the presence of a spinal tumor.
Thus, a total of 45 formalin-fixed lumbar vertebrae (L1–L5)
from nine cadavers (five males and four females; mean age:
62.67 years; range: 45–73; standard deviation: 9.37) were
tested. The bone mineral density (BMD) was measured in all
specimens. Subsequently, all skin, fascia, muscles, ligaments,
and capsules were removed, leaving only the intact vertebra
which was stored at room temperature until testing.

Implantation Procedure
Both pedicle screws were implanted following the standard
protocol for posterior lumbar vertebra implantation. The
depth of insertion was consistent and all screws were covered
with a sleeve for pull-out testing prior to implantation. For

each vertebra, a traditional pedicle screw was implanted on
one side, while a micro-dynamic pedicle screw was implanted
on the other side. All implantations were performed by one
surgeon.

Test Groups
The vertebrae were randomly assigned to undergo instant
pull-out testing and 5000-cyclic and 10,000-cyclic fatigue
loading testing as follows:
(i) Traditional group and micro-dynamic group under-

went instant pull-out testing: 15 vertebrae underwent
instant pullout testing after inserting traditional pedicle
screw on one side and a micro-dynamic pedicle screw
on the other side.

(ii) Traditional group and micro-dynamic group under-
went pull-out testing after 5000-cyclic fatigue: 15 verte-
brae were inserted with traditional pedicle screw on
one side and a micro-dynamic pedicle screw on the
other side, and they then underwent a pull-out test
after 5000-cyclic fatigue loading testing.

(iii) Traditional group and micro-dynamic group underwent
pull-out testing after 10,000-cyclic fatigue: 15 vertebrae
were inserted with traditional pedicle screw on one side
and a micro-dynamic pedicle screw on the other side,
and they then underwent a pull-out test after 10,000-
cyclic fatigue loading testing and micro-CT scanning.
The micro-CT scanning was performed after the cyclic
fatigue loading test.

A B C D

Fig. 1 (A) The novel screw includes the nail body (1) and tail (2) and the ball-and-socket joint (3) connects the nail body and tail, the ball-and-socket

joint can provide movement between the nail and tail within 6�, which provide micro motion between vertebral body and fixation instruments; (B) The

traditional pedicle screw, to maintain consistent design of novel micro-dynamic pedicle screw and traditional pedicle screw is same, the resultant

thread length and diameter of the micro-dynamic pedicle screw is same to that of the traditional screw; (C) The connection between the body and nail

in micro-dynamic pedicle screw can provide movement following the spinal motion (red arrow) through a ball-and-socket joint and prevent instability

without screw loosening; (D) As the rigid fixation between traditional pedicle screw and vertebral body, the screw cannot move following the spinal

motion, thus, screw loosening (blank space with red border) might happen after long time spinal movement.
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Axial Pull-Out Testing
Traditional group and micro-dynamic group that underwent
instant pull-out testing were subjected to axial pull-out test-
ing (Fig. 2A). The specimen was fixed on the BoseAT-3510
system (Bose, Electro Force Systems Group, Eden Prairie,
MN, USA) and adjusted until the longitudinal axis of the
screw was in line with the axis of the pull-out arm of the
equipment. Axial pull-out testing was performed at a rate of
0.5 mm/min until the occurrence of visible screw failure.
Our previous research has shown that this rate is appropriate
to avoid damage to the vertebrae by preventing sudden pull-
out of the screw21. Failure was defined as the point at which

there was a precipitous drop in the load–displacement curve.
The load–displacement curve was recorded at a frequency of
10 Hz throughout the test. The order of testing for the two
sides of each specimen in all groups was random.

Cyclic Fatigue Loading Testing
Traditional group and micro-dynamic group that underwent
pull-out testing after fatigue loading were subjected to cyclic
fatigue loading testing prior to axial pull-out testing
(Fig. 2B). Each specimen was fixed on the BoseAT-3510 with
the axis of the screw perpendicular to the axis of the custom-
designed vice22. Two kinds of fatigue testing were conducted,
cycled at a rate of 2 Hz for 5000 cycles23 and a rate of 2 Hz
for 10,000 cycles24. The loading pattern applied was displace-
ment control, with the screw displaced 1.5-mm cephalad and
1.5-mm caudad from the zero-load position. The order of
testing for the two sides of each specimen in all groups was
random, and pull-out testing was conducted immediately
after cyclic fatigue loading for each side.

Micro-CT Image Analysis
The samples were scanned with a high-resolution micro-CT
system (μCT 80, Scanco Medical, AG, Switzerland). The
depth of insertion was made consistent, and the scan condi-
tions were as follows: X-ray voltage 55 kV, current 145 μA,
300 s, continuous non-stepping rotation, four-frame averag-
ing, rotation over 360�, and integration time of 300 ms. The
surrounding trabecular structure of screws in the vertebral
body was damaged due to fatigue loading testing. Therefore,
those images were not included in the analysis, and only
pedicle zone images were analyzed (Fig. 3A). Pedicle zone
was defined as the images cropping between the detected
entry point of the pedicle screw and the posterior wall of the
vertebral body. A stack of 50–63 cross-sectional slices was
reconstructed, with a slice-to-slice distance of 200 μm. The
semidiameter was defined as the distance between the thread
peak point and the center of the largest circle of the insertion
cross area (Fig. 3B). The semidiameter of all slices was

A B

Fig. 2 (A) The axial pull-out: the specimen (S) was gripped using a

custom-designed spine-testing vice (V) while orienting the vertebrae for

the screw to be perpendicular to the ground (parallel to the load cell

[L] motion axis); and (B) cycle loading fatigue testing: the specimen

(S) was gripped using the custom-designed spine-testing vice (V) while

orienting the vertebrae for the screw to be parallel to the ground

(perpendicular to the load cell [L] motion axis). The hinge-joint adaptor

(A) allowed cycling of the screw.

A B

Fig. 3 (A) Micro-CT image of surrounding bone

structure of screw insertion area of pedicle

zone; and (B) the semidiameter was defined

as distance between the thread peek point

and the center of the largest circle of insertion

cross area.
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measured using the Mimics 14.11 software (Materialize Corp.,
Leuven, Belgium). The mean value of the semidiameter after
the fatigue loading test was used to evaluate screw loosening.

Outcome Measurements

BMD
Dual-energy radiograph absorptiometry (DXA, Lunar Prod-
igy, General Electric, Fairfield, Connecticut) was carried out
on all specimens to determine bone mineral density (BMD).
Vertebrae with a BMD <0.8 g/cm2 were classified as osteo-
porotic, whereas those with a BMD >0.8 g/cm2 were classi-
fied as healthy25.

PPF of Traditional Screw and Micro-Dynamic Screw
The peak pull-out force (PPF) was defined as the peak point
of load displacement prior to the occurrence of the
precipitous drop.

PPFn of Traditional Screw and Micro-Dynamic Screw
In order to determine the performance of the same screw in
different vertebrae after various cyclic fatigue loading tests, the
normalized PPF (PPFn) values26 (i.e., the product PPF of each
specimen divided by the appropriate BMD) were compared.

The Mean Value of the Semidiameter on Micro-CT Image
The semidiameter was defined as the distance between the
thread peak point and the center of the largest circle of the
insertion cross area, semidiameter of all insertion cross slices
were measured and the mean value of the semidiameter after
the fatigue loading test was used to evaluate screw loosening.

Statistical Analyses
Statistical analyses were performed using the SPSS 20.0 soft-
ware (IBM Corporation, Armonk, NY, USA), and the signifi-
cance level was defined as P < 0.05. Paired t-tests were used to
compare paired PPF, BMD, and the mean value of the semidi-
ameter after the fatigue loading test for different screws. One-
way analysis of variance was used to examine the difference of
the PPFn of the same screw among the three groups for dif-
ferent cycle conditions and the difference of PPF of traditional
pedicle screw and micro-dynamic pedicle screw for different

cycle conditions with and without divided by BMD. Of note,
Dunnett’s T3 test was used to compare intragroup differences.
Lastly, Pearson bivariate correlation was used to investigate
the correlation between BMD and PPF.

Results

BMD
The mean BMD, PPF, and PPFn are shown in Table 1. The
overall mean BMD of the lumbar vertebrae was 0.89 g/cm2

(range: 0.60–1.40; standard deviation: 0.22), and showed a weak
significant correlation with PPF (r = 0.252, P = 0.024) (Fig. 4).

PPF of Traditional Screw and Micro-Dynamic Screw
The PPF of traditional pedicle screw in fatigue loading for
10,000 cycles was 38.64% of that in instant pull-out test in
osteoporotic group (P = 0.017) and 66.42% in healthy group
(P = 0.029); in addition, the PPF of micro-dynamic pedicle
screw in fatigue loading for 10,000 cycles was 45.39% of that
in instant pull-out test in osteoporotic group (P = 0.033), but
there was no significant difference in healthy group
(P = 0.853) (Fig. 5). The PPF of the traditional pedicle screw
and micro-dynamic pedicle screw did not show significant

TABLE 1 The mean bone mineral density (BMD), peak pull-out force (PPF), and normalized PPF (PPFn) for BMD in all groups

Test Specimen (n)
Mean BMD, g/cm2

(SD, range) Mean PPF, N (SD, range) Mean PPFn, N/(g/cm2) (SD, range)

Instant pull-out test
Traditional group 15 0.93 (0.25, 0.73–1.40) 558.41 (218.95, 235.53–908.69) 628.52 (296.86, 244.15–1251.64)
Micro-dynamic group 534.16 (236.45, 222.94–985.82) 613.34 (350.65, 221.83–1357.88)

Fatigue loading of 5,000 cycles
Traditional group 15 0.87 (0.11, 0.73–1.01) 471.54 (158.06, 275.12–910.06) 561.12 (243.49, 273.75–1253.53)
Micro-dynamic group 418.84 (178.20, 210.35–782.80) 500.65 (266.69, 220.69–1078.24)

Fatigue loading of 10,000 cycles
Traditional group 15 0.89 (0.31, 0.60–1.40) 307.16 (145.71, 138.48–659.43) 304.95 (93.82, 174.29–471.02)
Micro-dynamic group 413.63 (199.16, 171.21–878.70) 417.03 (146.30, 215.51–627.64)

Fig. 4 The BMD (g/cm2) was weak significant correlation with peak pull-

out force (PPF, N).
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differences in the instant pull-out test (P = 0.485) and fatigue
loading for 5000 cycles (P = 0.184) (Fig. 6). However, the
PPF of the micro-dynamic pedicle screw was significantly
larger than that of the traditional pedicle screw after fatigue
loading for 10,000 cycles (P = 0.005) (Fig. 6).

PPFn of Traditional Screw and Micro-Dynamic Screw
The PPFn of the traditional pedicle screw was significantly
decreased as the number of cycles increased (P < 0.001)
(Fig. 7). Meanwhile, the PPFn of the micro-dynamic pedicle

screw was consistent regardless of the number of cycles
(P = 0.133) (Fig. 7).

The Mean Value of the Semidiameter on Micro-CT
Image
The mean value of the semidiameter after the fatigue loading
test for the novel micro-dynamic pedicle screw was signifi-
cantly smaller than that observed for the traditional pedicle
screw (P = 0.013) (Fig. 8).

Fig. 5 The comparison of the peak pull-out force (PPF, N) of the traditional screw and micro-dynamic screw in different groups defied by BMD

(osteoporotic and healthy, g/cm2). *P < 0.05; NS, no significant difference.

Fig. 6 The peak pull-out force (PPF, N) of

the traditional screw and micro-dynamic

screw did not show significant difference

in the instant pull-out test (P = 0.485) and

fatigue loading for 5000 cycles

(P = 0.184). The PPF of the micro-dynamic

screw was significantly larger than that of

the traditional screw after fatigue loading

for 10000 cycles (P = 0.005). *P < 0.05;

NS, no significant difference.
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Discussion

In the present study, we investigated the effectiveness of a
novel micro-dynamic pedicle screw for the prevention of

loosening between the screw and bone surface using pull-out
testing under instant and cyclic fatigue conditions and
micro-CT scanning. The results indicated that the novel
micro-dynamic pedicle screw provides similar fixation stabil-
ity with that provided by the traditional pedicle screw for
low-cycle fatigue and osteoporotic group. Moreover, we
observed that the micro-dynamic pedicle screw maintains
great resistance even after prolonged cyclic fatigue and in the
healthy group. Furthermore, several additional aspects were

addressed, such as BMD testing and micro-CT scanning and
the stability of the novel micro-dynamic pedicle screw.

BMD and Micro-CT Scanning
Various studies have demonstrated that BMD is a critical fac-
tor in determining the pull-out force27, 28. However, this study
has highlighted the fact that BMD has a weak or no correlation
with the pull-out force13. The reason may be that DEXA, a
two-dimensional technique, is unable to capture the three-
dimensional structure and true volumetric BMD (g/cm3).
Hohn et al.29 reported that the effectiveness of the standard
procedure for determining spine BMD through DEXA scans
may be limited in surgical planning due to its inability to assess
the variation of BMD within the vertebrae. In addition, Wang
et al.30 demonstrated that the vertebral body contributes on
average two-thirds of the vertebral volume in the lumbar spine
and only one-third of the BMD. They reported a weak correla-
tion between BMD in the posterior elements and the vertebral
body (r = 0.34, P < 0.0001), further suggesting that DEXA
alone is an insufficient predictor of lumbar bone quality for
subregions of the vertebrae, such as the pedicle. Thus, we used
micro-CT scanning to investigate screw loosening by compar-
ing the surrounding bone structure of the insertion area.
According to Nakashima et al.31, the surrounding bone struc-
ture on micro-CT images can examine screw loosening after
different insertion number. In our study, the mean value of the
semidiameter of the micro-dynamic pedicle screw insertion
area on micro-CT images after the fatigue loading test was sig-
nificantly smaller than that reported for the traditional pedicle
screw, suggesting that the pull-out force of the traditional pedi-
cle screw significantly decreased in high-cycle fatigue loading.

Stability of the Novel Micro-Dynamic Pedicle Screw
Rigid implants prevent stability by controlling the movement
between implants and segments. High shear stress and stiff-
ness after rigid fixation increase the load transfer through
the implant and bone-implant interface, leading to damage
of the bone and early failure of the interface32–34. The basic
mechanics of the micro-dynamic pedicle screw reduce the
stress concentration between the parts of the implant and
the bone-implant interface, permitting physiological load
transfer and appropriate spinal motion. The results of our
study show that the resistance of the traditional pedicle screw
and micro-dynamic pedicle screw is not significantly differ-
ent under both instant pull-out testing and fatigue loading
for 5000 cycles. However, following an increase in the fatigue
loading to 10,000 cycles, the micro-dynamic pedicle screw
exhibited stronger resistance. These results suggest that the
micro-dynamic design diffuses the stress concentrated on the
bone-implant interface, delaying the progress of screw loos-
ening and failure. Meanwhile, the micro-dynamic pedicle
screw provides reasonable stress distribution after spinal
fusion owing to the micro-movement design. Moreover,
appropriate transfer of stress to adjacent segments after
fusion can reduce adjacent segment degeneration. Rienmüller
et al.35 reported a low revision rate in patients undergoing

Fig. 7 The normalized peak pull-out force (PPFn, N/(g/cm2)) (P < 0.001)

of the traditional screw was significantly decreased as the number of

cycles increased. Meanwhile, the PPFn (P = 0.133) of the micro-

dynamic screw remained consistent regardless of the number of cycles.

*P < 0.05; NS, no significant difference.

Fig. 8 The box plot of mean value of the semidiameter (mm) after the

fatigue loading test of traditional screw and micro-dynamic

screw, *P < 0.05.
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implantation of the dynamic screw system, and reduction in
the rates of screw loosening and adjacent segment degenera-
tion. Furthermore, Perez-Orribo et al.36 demonstrated that
dynamic screw fixation exerts a biomechanically protective
effect to the adjacent intact levels and moderately stabilizes
the surgical level. Those reports are consistent with our
experimental results that dynamic screw can reduce in the
rate of screw loosening and delay the loosening process.

This study has several limitations that should be taken
into consideration. Firstly, all specimens were formalin-fixed.
Thus, the bone condition was different vs that of fresh bones,
which may affect the resistance to the pull-out force and micro-
CT scanning. Secondly, micro-CT scanning was only performed
on the pedicle zone, while the vertebral body zone was not mea-
sured. This may also affect the stability of the pedicle screw.

In conclusion, this study compared the performance of
a novel micro-dynamic pedicle screw vs that of a traditional
pedicle screw using pull-out testing and micro-CT scanning.
The results showed that the novel micro-dynamic pedicle
screw provides similar resistance in low-cycle fatigue testing
and favorable resistance in high-cycle fatigue testing vs the
traditional pedicle screw, and closer combination between the
pedicle screw and bone. In addition, the micro-dynamic pedi-
cle screw provide a better fixation in the healthy group rather
than the osteoporotic group, which means fixation for osteo-
porotic patients requires caution even using micro-dynamic
pedicle screw. The findings of this study might be beneficial in
clinic. Besides, high-quality and scale-randomized controlled
clinical trials are needed to prove findings of our study.

References
1. Cunningham BW. Basic scientific considerations in total disc arthroplasty.
Spine J, 2004, 4: 219S–230S.
2. Lingutla K, Pollock R, Benomran E, et al. Outcome of lumbar spinal fusion
surgery in obese patients: a systematic review and meta-analysis. Bone Joint J,
2015, 97: 1395–1404.
3. Endler P, Ekman P, Berglund I, Moller H, Gerdhem P. Long-term outcome of
fusion for degenerative disc disease in the lumbar spine. Bone Joint J, 2019,
101: 1526–1533.
4. Chou PH, Ma HL, Liu CL, et al. Is removal of the implants needed after fixation
of burst fractures of the thoracolumbar and lumbar spine without fusion? Bone
Joint J, 2016, 98: 109–116.
5. Li YC, Yang SC, Chen HS, Kao YH, Tu YK. Impact of lumbar instrumented
circumferential fusion on the development of adjacent vertebral compression
fracture. Bone Joint J, 2015, 97: 1411–1416.
6. Norvell DC, Dettori JR, Skelly AC, Riew KD, Chapman JR, Anderson PA.
Methodology for the systematic reviews on an adjacent segment pathology. Spine
(Phila Pa 1976), 2012, 37: S10–S17.
7. Kaito T, Hosono N, Mukai Y, Makino T, Fuji T, Yonenobu K. Induction of early
degeneration of the adjacent segment after posterior lumbar interbody fusion by
excessive distraction of lumbar disc space. J Neurosurg Spine, 2010, 12:
671–679.
8. Lee MJ, Dettori JR, Standaert CJ, Ely CG, Chapman JR. Indication for
spinal fusion and the risk of adjacent segment pathology: does reason for
fusion affect risk? A systematic review. Spine (Phila Pa 1976), 2012, 37:
S40–S51.
9. Pan A, Hai Y, Yang J, Zhou L, Chen X, Guo H. Adjacent segment degeneration
after lumbar spinal fusion compared with motion-preservation procedures: a meta-
analysis. Eur Spine J, 2016, 25: 1522–1532.
10. Segupta DK. Posterior dynamic stabilization. In: Herkowitz HN, Garfin SR,
Eismont FJ, Bell GR, Balderston RA, eds. Rothman Simeone the Spine. New York,
NY: Elsevier, 2011; 975–985.
11. Nielsen M. X-STOP surgical implant for the treatment of lumbar spinal
stenosis: clinical practice recommendations for neurosurgical nurse practitioners.
J Neurosci Nurs, 2013, 45: 44–51.
12. Sur YJ, Kong CG, Park JB. Survivorship analysis of 150 consecutive patients
with DIAM implantation for surgery of lumbar spinal stenosis and disc herniation.
Eur Spine J, 2011, 20: 280–288.
13. Sakai Y, Takenaka S, Matsuo Y, et al. Hounsfield unit of screw trajectory as
a predictor of pedicle screw loosening after single level lumbar interbody fusion.
J Orthop Sci, 2018, 23: 734–738.
14. Schilling C, Kruger S, Grupp TM, Duda GN, Blomer W, Rohlmann A. The
effect of design parameters of dynamic pedicle screw systems on kinematics and
load bearing: an in vitro study. Eur Spine J, 2011, 20: 297–307.
15. Berman DS. A current review of outcome studies on The DynesysÂ© System
for dynamic stabilization of the lumbar spine. Int J Orthop Surg, 2011, 18: 1–5.
16. Akyoldas G, Yilmaz A, Aydin AL, et al. High infection rates in patients with
long-segment Dynesys system. World Neurosurg, 2018, 119: 403–406.
17. Kaner T, Sasani M, Oktenoglu T, Aydin AL, Ozer AF. Minimum two-year follow-
up of cases with recurrent disc herniation treated with microdiscectomy and
posterior dynamic transpedicular stabilisation. Open Orthop J, 2010, 4:
120–125.
18. Aygun H, Yaray O, Mutlu M. Does the addition of a dynamic pedicle screw to
a fusion segment prevent adjacent segment pathology in the lumbar spine? Asian
Spine J, 2017, 11: 715–721.

19. Kim CH, Chung CK, Jahng TA. Comparisons of outcomes after single or
multilevel dynamic stabilization: effects on adjacent segment. J Spinal Disord
Tech, 2011, 24: 60–67.
20. Liu C, Kamara A, Yan Y. Investigation into the biomechanics of lumbar
spine micro-dynamic pedicle screw. BMC Musculoskelet Disord, 2018, 19: 231–235.
21. Chen C, Zhao W, Liu D, Sun P, Wu C, Ouyang J. A biomechanical study to
evaluate the effect of PMMA augmentation and restoration of the strength of
cervical vertebral screws inserted in an osteoporotic vertebral body. J Spinal
Disord Tech, 2014, 27: 224–231.
22. Wu C, Chen C, Wu W, et al. Biomechanical analysis of differential pull-out
strengths of bone screws using cervical anterior transpedicular technique in
normal and osteoporotic cervical cadaveric spines. Spine (Phila Pa 1976), 2015,
40: 1–8.
23. Bostelmann R, Keiler A, Steiger HJ, Scholz A, Cornelius JF, Schmoelz W.
Effect of augmentation techniques on the failure of pedicle screws under cranio-
caudal cyclic loading. Eur Spine J, 2017, 26: 181–188.
24. Dahl MC, Freeman AL. Kinematic and fatigue biomechanics of an
interpositional facet arthroplasty device. Spine J, 2016, 16: 531–539.
25. Santoni BG, Hynes RA, McGilvray KC, et al. Cortical bone trajectory for
lumbar pedicle screws. Spine J, 2009, 9: 366–373.
26. Brasiliense LB, Lazaro BC, Reyes PM, et al. Characteristics of immediate and
fatigue strength of a dual-threaded pedicle screw in cadaveric spines. Spine J,
2013, 13: 947–956.
27. O’Leary PT, Bridwell KH, Lenke LG, et al. Risk factors and outcomes for
catastrophic failures at the top of long pedicle screw constructs: a matched
cohort analysis performed at a single center. Spine (Phila Pa 1976), 2009, 34:
2134–2139.
28. Lorenz A, Leichtle CI, Frantz S, et al. Pull out strength of dual outer diameter
pedicle screws compared to uncemented and cemented standard pedicle screws:
a biomechanical in vitro study. Orthop Surg, 2017, 9: 229–236.
29. Hohn EA, Chu B, Martin A, et al. The pedicles are not the densest regions of
the lumbar vertebrae: implications for bone quality assessment and surgical
treatment strategy. Global Spine J, 2017, 7: 567–571.
30. Wang Y, Videman T, Boyd SK, Battie MC. The distribution of bone mass in
the lumbar vertebrae: are we measuring the right target? Spine J, 2015, 15:
2412–2416.
31. Nakashima D, Ishii K, Matsumoto M, Nakamura M, Nagura T. A study on the
use of the Osstell apparatus to evaluate pedicle screw stability: an in-vitro study
using micro-CT. PLoS One, 2018, 13: e199362:1–e199362:16.
32. Xu HZ, Wang XY, Chi YL, et al. Biomechanical evaluation of a dynamic
pedicle screw fixation device. Clin Biomech (Bristol, Avon), 2006, 21: 330–336.
33. Alkaly RN, Bader DL. The effect of transpedicular screw design on its
performance in vertebral bone under tensile loads: a parametric study. Clin Spine
Surg, 2016, 29: 433–440.
34. MacLeod A, Simpson AHRW, Pankaj P. Experimental and numerical
investigation into the influence of loading conditions in biomechanical testing of
locking plate fracture fixation devices. Bone Joint Res, 2018, 7: 111–120.
35. Rienmuller AC, Krieg SM, Schmidt FA, Meyer EL, Meyer B. Reoperation rates
and risk factors for revision 4 years after dynamic stabilization of the lumbar
spine. Spine J, 2019, 19: 113–120.
36. Perez-Orribo L, Zucherman JF, Hsu KY, Reyes PM, Rodriguez-Martinez NG,
Crawford NR. Biomechanics of a posterior lumbar motion stabilizing device:
in vitro comparison to intact and fused conditions. Spine (Phila Pa 1976), 2016,
41: 55–63.

1292
ORTHOPAEDIC SURGERY

VOLUME 12 • NUMBER 4 • AUGUST, 2020
STRENGTH OF MICRO-DYNAMIC PEDICLE SCREW


	 Comparison of the Pull-Out Strength between a Novel Micro-Dynamic Pedicle Screw and a Traditional Pedicle Screw in Lumbar ...
	Introduction
	Materials and Methods
	Ethical Approval
	Specimen Preparation
	Implantation Procedure
	Test Groups
	Axial Pull-Out Testing
	Cyclic Fatigue Loading Testing
	Micro-CT Image Analysis
	Outcome Measurements
	BMD
	PPF of Traditional Screw and Micro-Dynamic Screw
	PPFn of Traditional Screw and Micro-Dynamic Screw
	The Mean Value of the Semidiameter on Micro-CT Image

	Statistical Analyses

	Results
	BMD
	PPF of Traditional Screw and Micro-Dynamic Screw
	PPFn of Traditional Screw and Micro-Dynamic Screw
	The Mean Value of the Semidiameter on Micro-CT Image

	Discussion
	BMD and Micro-CT Scanning
	Stability of the Novel Micro-Dynamic Pedicle Screw

	References


