Screw Fixation in Patients with Osteoporotic Spine | Encyclopedia.pub

Screw Fixation in Patients with Osteoporotic
Spine

Subjects: Surgery
Contributor: Ko Hashimoto , Haruo Kanno , , Hiroshi Ozawa

Osteoporosis is a common disease in elderly populations and is a major public health problem worldwide. It is not
uncommon for spine surgeons to perform spinal instrumented fusion surgeries for osteoporotic patients. In patients
with severe osteoporosis, instrumented fusion may result in screw loosening, implant failure or nonunion because

of a poor bone quality and decreased pedicle screw stability as well as increased graft subsidence risk.

pedicle screw percutaneous pedicle screw osteoporosis spine

1. Basic Principle of Pedicle Screw Fixation for Osteoporotic
Spine

Appropriately sized and positioned pedicle screws are important for obtaining optimal fixation in the osteoporotic
spine @, Larger diameter screws have been shown to improve the pullout strength of pedicle screws 22,
However, oversizing the pedicle should be avoided because some larger screws may result in pedicle fracture of
the osteoporotic vertebrae [24. |t has also been reported that the length of the screw improves pullout strength [,
In addition, undertapping the pedicle screw tract increases pullout strength RIE The same diameter tapping of
screws decreases the insertional torque and consequently reduces the pullout strength of the pedicle screw.
Therefore, it has been recommended that the surgeon should undertap the path of the pedicle screw in patients

with an osteoporotic spine 8.

| 2. S2Al Screws

There is increasing evidence that pelvic fixation may become the standard method of various instrumented spine
surgeries @, Pelvic fixation is an important method of ensuring stability at the base of long construct fusions and
should be considered in patients with a long construct ending in the sacrum, those with associated risk factors for
loss of distal fixation or a high risk of pseudarthrosis at L5-S1 and those undergoing three-column osteotomies or
vertebral body resection in the lower lumbar spine &l |n addition, pelvic fixation can also be indicated for patients
with high-grade spondylolisthesis, unstable sacral fractures, sacral tumors and insufficiency fractures W& |n
corrective surgery for osteoporotic patients with severe spinal deformity in particular, pelvic fixation is a very useful

method of obtaining rigid fixation !,

Long constructs extending from the thoracic spine to the distal lumbar spine and/or sacrum result in large lever

arms and cantilever forces, causing substantial stress at the base of the construct. Furthermore, pedicle screws
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placed at S1 have a significant risk of screw loosening, especially in elderly patients with osteoporosis, as the S1
pedicles in the sacrum largely include cancellous bone B0, Therefore, pelvic fixation is very important for
ensuring a stable construct base and maintaining surgical correction of the spinal deformity until bony fusion is

achieved &l

| 3. Intra-Sacral Buttress Screws

While pelvic fixation using S2Al screws provides strong stability at the base of the construct 2, the impact of S2Al
screws on the sacroiliac joint remains uncertain in the long term. Recently, Fukuda et al., reported a novel fixation
method using intra-sacral buttress screws (ISBSs) that is strongly stabilized by the sacral subchondral bone
without penetration of the sacroiliac joint 22, In this fixation method, a screw with a polyaxial head is inserted into
the lateral sacral mass and assembled to the rod connected cephalad to the pedicle screws. The dorsal side of the
screw can then be stabilized by the sacral subchondral bone at the sacroiliac joint with iliac buttress coverage,

while the tip of the screw is anchored by the sacral cortex 12!,

| 4. Cortical Bone Trajectory Screws

The cortical bone trajectory (CBT) screw technique is another pedicle screw insertion method described in 2009 by
Santoni et al. 121, The CBT screw fixation within the pedicle is targeted in a mediolateral path in the axial plane and
a caudocranial path in the sagittal plane 13l This screw trajectory engages the cortical bone and theoretically
provides increased cortical bone contact, increased screw grip and a reduced reliance on trabecular bone 14, CBT
screws were reported to have a higher insertion torque than traditional pedicle screws in vivo 13, Several

biomechanical analyses have shown that the CBT screw/rod construct has favorable mechanical properties [16IL7],

| 5. Penetrating Endplate Screws

Previously it has suggested that modified pedicle screw insertion techniques penetrating the superior endplate of
the vertebral body can be useful for enhancing the screw fixation strength 181121201211 Recently, Matsukawa et al.,
reported the penetrating S-1 endplate screwing technique 18, The penetrating S-1 endplate technique, through the
medial entry point, is suitable for the connection of lumbar CBT screws. This trajectory engages with denser bone
maximally by the screw penetrating the S-1 superior endplate through a more medial entry point than the traditional
technique (8. This screwing technique has favorable stability for lumbosacral fixation and reduces the potential risk
of screw loosening and implant failure 18], |t also has several safety advantages, with the protrusion of the screw
tip into the intervertebral disc space carrying no risk of causing neurovascular injury 8. A biomechanical study
demonstrated that the new technique demonstrated greater insertional torque than the traditional monocortical

technique 8],

| 6. Groove Entry Technique and Hooking Screw Technique
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Previously it has suggested that the groove entry technique and hooking screw technique for thoracic
percutaneous pedicle screw (PPS) fixation may provide greater screw stability than conventional pedicle screw
fixation 22231 |n these techniques, the PPS enters at a dorsal site craniolateral to the pedicle, where the cortical
bone is thicker than at the caudal aspect of the pedicle, and passes obliquely through the thickened cortical bone
(221, These screwing techniques utilize the strength of posterior vertebral elements with purchase on the transverse
and articular process and endplates, transfixing the pedicle in a diagonal fashion, and hugging the strong cortex of
the neuroforamen and spinal canal 221, The diagonal trajectory allows for longer screw insertion, and longer screws
have more contact with bone and are better able to engage the anterior column than shorter ones 23, Therefore,
diagonal screw instrumentation, such as the groove entry technique and the hooking screw technique, may provide

sufficient anchoring strength to prevent implant failure [22123],

| 7. HA Stick and HA Granules

It has been reported that the placement of substances into the tapped screw hole increases the bone—metal
interface friction force and enhances the mechanical strength of screw fixation [24123]1261[271[28] - Osteoconductive
ceramic bone graft materials, such as HA and calcium phosphate, have received attention as clinically available

biomaterials to increase the stability of screw fixation [22129],

Several previous ones have suggested that an HA stick or HA granules inserted into the tapped screw hole may
help enhance the initial strength of pedicle screw fixation 24291 For more than two decades, the augmentation
technique of pedicle screws using an HA stick has been widely used in spinal surgeries in various countries [24132],

Previous ones have indicated the biomechanical advantage and clinical usefulness of this augmentation technique
[24](301[32]

| 8. PMMA

PMMA bone cements appear promising for the augmentation of pedicle screw fixation biomechanically in both
osteoporosis and revision spine surgery models 231, Burval et al., reported that pedicle screw augmentation with
PMMA improves the initial fixation strength and fatigue strength of instrumentation in osteoporotic vertebrae (241,
Becker et al., demonstrated that the augmentation of fenestrated pedicle screws with PMMA provided higher
pullout resistance than nonaugmented screws 33, Chen et al. 281 demonstrated that prefiling PMMA with solid
screws resulted in improved axial pullout strength compared with injecting PMMA through a fenestrated screw. A
recent study reported a clinical usefulness of percutaneous pedicle screw fixation with cement augmentation in

surgical treatment of thoracolumbar fractures in patients with ankylosing spondylitis B2,

However, there is a risk of cement extravasation leading to potentially neurological or cardiovascular complications
with cement use 22831 |n addition, cements, including PMMA, have exothermic properties that may induce bone
necrosis and the degeneration of adjacent discs 2238, PMMA has no potential for inducing bone remodeling,

osteoinduction, osteoconduction or osteointegration and may block the vascular supply by its presence.
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Furthermore, cement augmentation may increase the risk of fracture of the vertebra during screw removal 32,
Therefore, both risks and benefits of the cement augmentation should be considered in order to achieve successful

outcomes in spinal fusion surgery for osteoporotic patients.

| 9. Expandable Pedicle Screws

Several biomechanical studies demonstrated that expandable pedicle screws improved screw pullout stability
compared with standard pedicle screws in osteoporotic spines 441 |t has also been reported that expandable
pedicle screws can decrease the risk of screw loosening and achieve better fixation strength and clinical results in
osteoporotic lumbar spine fusion 42,

However, expandable pedicle screws carry a risk of vertebral bone destruction during screw removal, which may
cause nerve root or dural injury 2. Nevertheless, an application of expandable pedicle screws might be
considered in addition to the standard pedicle screws and the cement-augmented screws in surgical treatment for

an osteoporotic spine.

| 10. Sublaminar Band

Previous ones have suggested that a sublaminar band can be useful for augmenting screw fixation [“3I44] A
biomechanical study using a human thoracolumbar spine revealed that pedicle screws augmented by a sublaminar
band provided firmer fixation of screws and a stiffer pedicle screw/rod construct than the same construct without
augmentation 4], Another study showed that a sublaminar band and titanium clamp were useful for reducing and

maintaining correction of the thoracic curve in surgical treatment for adolescent idiopathic scoliosis 421,

The polyester sublaminar band is soft and flexible, and the anterior—posterior spinal canal space occupied by the
band is less than that taken by a sublaminar wire steel cable, thus avoiding direct spinal cord trauma during
sublaminar passage. The flat configuration of the cable distributes the load over a larger contact area under the
lamina than metal wires without producing imaging artefacts on postoperative magnetic resonance imaging (MRI)
(48] |n contrast to sublaminar wiring, the use of the polyester belt may help reduce the risk of long-term
complications associated with bone destruction 3l Therefore, the sublaminar band may be considered as an

alternative augmentation technique for screw fixation in osteoporotic spines 43I,

| 11. Hook

Previous biomechanical ones was demonstrated that the augmentation of the pedicle screw with a laminar hook
can improve stability of the spinal instrumentation 4714811491 The combination of pedicle screws and laminar hooks
can achieve greater instrumentation stiffness than pedicle screws alone 4449 |n addition, supplemental offset
hooks significantly increase construct stiffness without sacrificing principles of short-segment pedicle

instrumentation, and absorb some part of the construct strain, thereby reducing pedicle screw bending moments.
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Therefore, augmentation with a hook may reduce the risk of postoperative implant failure associated with pedicle

screw fixation (48],

Several have reported that a central hook—rod construct is effective for spinal osteotomy site closure BABRL |n

addition, the central hook-rod construct may strengthen the overall pedicle screws and rod construct and

consequently avoid postoperative screw loosening and implant failure BB,

References

1.

10.

Helgeson, M.D.; Kang, D.G.; Lehman, R.A.; Dmitriev, A.E.; Luhmann, S.J. Tapping insertional
torque allows prediction for better pedicle screw fixation and optimal screw size selection. Spine
J. 2013, 13, 957-965.

. DeWald, C.J.; Stanley, T. Instrumentation-related complications of multilevel fusions for adult

spinal deformity patients over age 65: Surgical considerations and treatment options in patients
with poor bone quality. Spine 2006, 31, S144-S151.

. Zindrick, M.R.; Wiltse, L.L.; Widell, E.H.; Thomas, J.C.; Holland, W.R.; Field, B.T.; Spencer, C.W.

A biomechanical study of intrapeduncular screw fixation in the lumbosacral spine. Clin. Orthop.
Relat. Res. 1986, 15, 99-112.

. Hirano, T.; Hasegawa, K.; Washio, T.; Hara, T.; Takahashi, H. Fracture risk during pedicle screw

insertion in osteoporotic spine. J. Spinal Dis. 1998, 11, 493-497.

. Lehman, R.A., Jr.; Polly, D.W., Jr.; Kuklo, T.R.; Cunningham, B.; Kirk, K.L.; Belmont, P.J., Jr.

Straight-forward versus anatomic trajectory technique of thoracic pedicle screw fixation: A
biomechanical analysis. Spine 2003, 28, 2058-2065.

. Lehman, R.A.; Kang, D.G.; Wagner, S.C. Management of osteoporosis in spine surgery. J. Am.

Acad. Orthop. Surg. 2015, 23, 253-263.

. De la Garza Ramos, R.; Nakhla, J.; Sciubba, D.M.; Yassari, R. lliac screw versus S2 alar-iliac

screw fixation in adults: A meta-analysis. J. Neurosurg. Spine 2018, 30, 253-258.

. Kebaish, K.M. Sacropelvic fixation: Techniques and complications. Spine 2010, 35, 2245-2251.

. Shen, F.H.; Mason, J.R.; Shimer, A.L.; Arlet, V.M. Pelvic fixation for adult scoliosis. Eur. Spine J.

2013, 22 (Suppl. 2), 265-275.

O'Brien, J.R.; Yu, W.; Kaufman, B.E.; Bucklen, B.; Salloum, K.; Khalil, S.; Gudipally, M.
Biomechanical evaluation of S2 alar-iliac screws: Effect of length and quad-cortical purchase as
compared with iliac fixation. Spine 2013, 38, E1250-E1255.

https://encyclopedia.pub/entry/23463 5/9



Screw Fixation in Patients with Osteoporotic Spine | Encyclopedia.pub

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

O'Brien, J.R.; Matteini, L.; Yu, W.D.; Kebaish, K.M. Feasibility of minimally invasive sacropelvic
fixation: Percutaneous S2 alar iliac fixation. Spine 2010, 35, 460-464.

Fukuda, K.; Takemitsu, M.; Machida, M.; Asazuma, T. Lumbosacral fixation using sacroiliac
buttress screws: A modification to the Jackson technique with intrasacral rods. Scoliosis 2014, 9,
8.

Santoni, B.G.; Hynes, R.A.; McGilvray, K.C.; Rodriguez-Canessa, G.; Lyons, A.S.; Henson,
M.A.W.; Womack, W.J.; Pulttlitz, C.M. Cortical bone trajectory for lumbar pedicle screws. Spine J.
2009, 9, 366—-373.

Mizuno, M.; Kuraishi, K.; Umeda, Y.; Sano, T.; Tsuji, M.; Suzuki, H. Midline lumbar fusion with
cortical bone trajectory screw. Neurol. Med. Chir. 2014, 54, 716-721.

Matsukawa, K.; Yato, Y.; Nemoto, O.; Imabayashi, H.; Asazuma, T.; Nemoto, K. Morphometric
measurement of cortical bone trajectory for lumbar pedicle screw insertion using computed
tomography. J. Spinal Dis. Technol. 2013, 26, E248—E253.

Baluch, D.A.; Patel, A.A.; Lullo, B.; Havey, R.M.; Voronov, L.I.; Nguyen, N.-L.; Carandang, G.;
Ghanayem, A.J.; Patwardhan, A.G. Effect of Physiological Loads on Cortical and Traditional
Pedicle Screw Fixation. Spine 2014, 39, E1297-E1302.

Perez-Orribo, L.; Kalb, S.; Reyes, P.M.; Chang, S.W.; Crawford, N.R. Biomechanics of lumbar
cortical screw-rod fixation versus pedicle screw-rod fixation with and without interbody support.
Spine 2013, 38, 635-641.

Matsukawa, K.; Yato, Y.; Kato, T.; Imabayashi, H.; Asazuma, T.; Nemoto, K. Cortical bone
trajectory for lumbosacral fixation: Penetrating S-1 endplate screw technique: Technical note. J.
Neurosurg. Spine 2014, 21, 203-209.

Minamide, A.; Akamaru, T.; Yoon, S.T.; Tamaki, T.; Rhee, J.M.; Hutton, W.C. Transdiscal L5-S1
screws for the fixation of isthmic spondylolisthesis: A biomechanical evaluation. J. Spinal Dis.
Technol. 2003, 16, 144-149.

Ishikawa, T.; Ota, M.; Umimura, T.; Hishiya, T.; Katsuragi, J.; Sasaki, Y.; Ohtori, S. Penetrating
Endplate Screw Fixation for Thoracolumbar Pathological Fracture of Diffuse Idiopathic Skeletal
Hyperostosis. Case Rep. Orthop. 2022, 2022, 5584397.

Rodriguez-Martinez, N.G.; Savardekar, A.; Nottmeier, E.W.; Pirris, S.; Reyes, P.M.; Newcomb,
A.G.; Mendes, G.A.; Kalb, S.; Theodore, N.; Crawford, N.R. Biomechanics of transvertebral screw
fixation in the thoracic spine: An in vitro study. J. Neurosurg. Spine 2016, 25, 187-192.

Ishii, K.; Shiono, Y.; Funao, H.; Singh, K.; Matsumoto, M. A Novel Groove-Entry Technique for
Inserting Thoracic Percutaneous Pedicle Screws. Clin. Spine Surg. 2017, 30, 57-64.

https://encyclopedia.pub/entry/23463 6/9



Screw Fixation in Patients with Osteoporotic Spine | Encyclopedia.pub

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sekiguchi, I.; Takeda, N.; Ishida, N. Diagonal Trajectory Posterior Screw Instrumentation for
Compromised Bone Quality Spine: Groove-Entry Technique/Hooking Screw Hybrid. Spine Surg.
Relat. Res. 2018, 2, 309-316.

Matsuzaki, H.; Tokuhashi, Y.; Wakabayashi, K.; Okawa, A.; Hagiwara, H.; lwahashi, M. Effects of
hydroxyapatite solid granule (HA Stick) on pedicle screwing for osteoporotic patients. Clin.
Orthop. Surg. 2001, 36, 529-534. (In Japanese)

Yi, S.; Rim, D.-C.; Park, S.W.; Murovic, J.A.; Lim, J.; Park, J. Biomechanical Comparisons of Pull
Out Strengths After Pedicle Screw Augmentation with Hydroxyapatite, Calcium Phosphate, or
Polymethylmethacrylate in the Cadaveric Spine. World Neurosurg. 2015, 83, 976-981.

Spivak, J.M.; Neuwirth, M.G.; Labiak, J.J.; Kummer, F.J.; Ricci, J.L. Hydroxyapatite enhancement
of posterior spinal instrumentation fixation. Spine 1994, 19, 955-964.

Hasegawa, K.; Yamamura, S.; Dohmae, Y. Enhancing screw stability in osteosynthesis with
hydroxyapatite granules. Arch. Orthop. Trauma Surg. 1998, 117, 175-176.

Yerby, S.A.; Toh, E.; McLain, R.F. Revision of failed pedicle screws using hydroxyapatite cement.
A biomechanical analysis. Spine 1998, 23, 1657-1661.

Spivak, J.M.; Hasharoni, A. Use of hydroxyapatite in spine surgery. Eur. Spine J. 2001, 10 (Suppl.
2), S197-S204.

Kanno, H.; Aizawa, T.; Hashimoto, K.; Itoi, E. Novel augmentation technique of percutaneous
pedicle screw fixation using hydroxyapatite granules in the osteoporotic lumbar spine: A cadaveric
biomechanical analysis. Eur. Spine J. 2021, 30, 71-78.

Kanno, H.; Aizawa, T.; Hashimoto, K.; Itoi, E. Enhancing percutaneous pedicle screw fixation with
hydroxyapatite granules: A biomechanical study using an osteoporotic bone model. PLoS ONE
2019, 14, e0223106.

Kanno, H. Answer to the Letter to the Editor of T. Morimoto et al. concerning Novel augmentation
technique of percutaneous pedicle screw fixation using hydroxyapatite granules in the
osteoporotic lumbar spine: A cadaveric biomechanical analysis by Kanno; et al. . Eur. Spine J.
2022, 31, 212-213.

Elder, B.D.; Lo, S.-F.L.; Holmes, C.; Goodwin, C.R.; Kosztowski, T.A.; Lina, |.A.; Locke, J.E.;
Witham, T.F. The biomechanics of pedicle screw augmentation with cement. Spine J. 2015, 15,
1432-1445.

Burval, D.J.; McLain, R.F.; Milks, R.; inceoglu, S. Primary Pedicle Screw Augmentation in
Osteoporotic Lumbar Vertebrae. Spine 2007, 32, 1077-1083.

Becker, S.; Chavanne, A.; Spitaler, R.; Kropik, K.; Aigner, N.; Ogon, M.; RedI, H. Assessment of
different screw augmentation techniques and screw designs in osteoporotic spines. Eur. Spine J.

https://encyclopedia.pub/entry/23463 7/9



Screw Fixation in Patients with Osteoporotic Spine | Encyclopedia.pub

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

2008, 17, 1462—-1469.

Chen, L.H.; Tai, C.L.; Lee, D.M.; Lai, P.L.; Lee, Y.C.; Niu, C.C.; Chen, W.J. Pullout strength of
pedicle screws with cement augmentation in severe osteoporosis: A comparative study between
cannulated screws with cement injection and solid screws with cement pre-filling. BMC
Musculoskelet. Dis. 2011, 12, 33.

Trungu, S.; Ricciardi, L.; Forcato, S.; Miscusi, M.; Raco, A. Percutaneous instrumentation with
cement augmentation for traumatic hyperextension thoracic and lumbar fractures in ankylosing
spondylitis: A single-institution experience. Neurosurg. Focus 2021, 51, ES8.

Lieberman, I.H.; Togawa, D.; Kayanja, M.M. Vertebroplasty and kyphoplasty: Filler materials.
Spine J. 2005, 5, S305-S316.

Derincek, A.; Wu, C.; Mehbod, A.; Transfeldt, E.E. Biomechanical comparison of anatomic
trajectory pedicle screw versus injectable calcium sulfate graft-augmented pedicle screw for
salvage in cadaveric thoracic bone. J. Spinal Dis. Technol. 2006, 19, 286-291.

Koller, H.; Zenner, J.; Hitzl, W.; Resch, H.; Stephan, D.; Augat, P.; Penzkofer, R.; Korn, G.;
Kendell, A.; Meier, O.; et al. The impact of a distal expansion mechanism added to a standard
pedicle screw on pullout resistance. A biomechanical study. Spine J. 2013, 13, 532-541.

Vishnubhotla, S.; McGarry, W.B.; Mahar, A.T.; Gelb, D.E. A titanium expandable pedicle screw
improves initial pullout strength as compared with standard pedicle screws. Spine J. 2011, 11,
777-781.

Wu, Z.-X.; Gong, F.-T.; Liu, L.; Ma, Z.-S.; Zhang, Y.; Zhao, X.; Yang, M.; Lei, W.; Sang, H.-X. A
comparative study on screw loosening in osteoporotic lumbar spine fusion between expandable
and conventional pedicle screws. Arch. Orthop. Trauma Surg. 2012, 132, 471-476.

Hongo, M.; llharreborde, B.; Gay, R.E.; Zhao, C.; Zhao, K.D.; Berglund, L.J.; Zobitz, M.; An, K.-N.
Biomechanical evaluation of a new fixation device for the thoracic spine. Eur. Spine J. 2009, 18,
1213-12109.

Hamasaki, T.; Tanaka, N.; Kim, J.; Okada, M.; Ochi, M.; Hutton, W.C. Pedicle screw augmentation
with polyethylene tape: A biomechanical study in the osteoporotic thoracolumbar spine. J. Spinal
Dis. Technol. 2010, 23, 127-132.

Jouve, J.-L.; de Gauzy, J.S.; Blondel, B.; Launay, F.; Accadbled, F.; Bollini, G. Use of the
Universal Clamp for deformity correction and as an adjunct to fusion: Preliminary results in
scoliosis. J. Child. Orthop. 2010, 4, 73-80.

Gazzeri, R.; Faiola, A.; Galarza, M.; Tamorri, M. Universal Clamp system in thoracolumbar spinal
fixation: Technical note. Acta Neurochir. 2009, 151, 1673-1680.

https://encyclopedia.pub/entry/23463 8/9



Screw Fixation in Patients with Osteoporotic Spine | Encyclopedia.pub

47.

48.

49.

50.

51.

Murakami, H.; Tsai, K.-J.; Attallah-Wasif, E.S.; Yamazaki, K.; Shimamura, T.; Hutton, W.C. A
biomechanical assessment of infra-laminar hooks as an alternative to supra-laminar hooks in
thoracolumbar fixation. Spine 2006, 31, 967-971.

Chiba, M.; McLain, R.F.; Yerby, S.A.; Moseley, T.A.; Smith, T.S.; Benson, D.R. Short-segment
pedicle instrumentation. Biomechanical analysis of supplemental hook fixation. Spine 1996, 21,
288-294.

Hasegawa, K.; Takahashi, H.E.; Uchiyama, S.; Hirano, T.; Hara, T.; Washio, T.; Sugiura, T.;
Youkaichiya, M.; Ikeda, M. An experimental study of a combination method using a pedicle screw
and laminar hook for the osteoporotic spine. Spine 1997, 22, 958—-963.

Watanabe, K.; Lenke, L.G.; Daubs, M.D.; Kim, Y.W.; Kim, Y.B.; Watanabe, K.; Stobbs, G. A central
hook-rod construct for osteotomy closure: A technical note. Spine 2008, 33, 1149-1155.

Hyun, S.J.; Lenke, L.G.; Kim, Y.C.; Koester, L.A.; Blanke, K.M. Long-term radiographic outcomes
of a central hook-rod construct for osteotomy closure: Minimum 5-year follow-up. Spine 2015, 40,
E428—-EA432.

Retrieved from https://encyclopedia.pub/entry/history/show/56757

https://encyclopedia.pub/entry/23463 9/9



