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―a comparison of bone fusion rates―
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Abstract:
Introduction: To assess the bone fusion rates and clinical results of two surgical methods (pedicle screw claw-hook fixa-

tion and pedicle screw hook fixation) of lumbar spondylolysis repair.

Methods: A multicenter database of surgical patients with lumbar spondylolysis was reviewed. All patients < 20 years

old with a minimum of 6 months of follow-up and computed tomography images were included. Operation time and blood

loss amount were investigated. Visual analogue scale (VAS; 0-10) scores for lower back pain were evaluated to assess clini-

cal results.

Results: A total of 17 patients met the inclusion criteria. Pedicle screw hook fixation was performed in five patients (the

hook group), and pedicle screw claw-hook fixation was performed in 13 patients (the claw-hook group). One patient was in-

cluded in both groups because each method was performed at different lumbar levels (L4 and L5). The bone fusion rates at

3, 6, and 9 months after surgery were significantly higher in the claw-hook group than those in the hook group. Operation

time and blood loss amount were not significantly different between the groups. VAS scores improved in the claw-hook

group but not in the hook group because of a small number of patients.

Conclusions: Pedicle screw claw-hook fixation was more effective than pedicle screw hook fixation in terms of bone fu-

sion rates.
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Introduction

Lumbar spondylolysis is a common cause of lower back

pain in adolescents and young adults.

Conservative treatments are successful in most patients,

but those who remain symptomatic may benefit from sur-

gery. There are several surgical methods for the treatment of

lumbar spondylolysis: the Buck’s operation1), the Morscher

hook screw system2), the Scott wiring technique3), and pedi-

cle screw hook fixation4). Pedicle screw hook fixation has

been reported to provide good bone fusion rates5). However,

the fusion rate in our experience was 63% at one year after

surgery6). Pedicle screw claw-hook fixation was developed to

allow more rigid fixation and a higher bone fusion rate.

The purpose of this study was to compare two surgical

methods (pedicle screw hook fixation and pedicle screw

claw-hook fixation) for the treatment of lumbar spondyloly-

sis in terms of bone fusion rates and clinical results.

Materials and Methods

We designed this study to test the hypothesis that pedicle

screw claw-hook fixation provides better bone fusion rates

and clinical results than pedicle screw hook fixation. Seven-

teen patients were treated surgically for symptomatic spon-

dylolysis between 2003 and 2014. Each patient met the fol-

lowing criteria: < 20 years old, symptomatic bilateral spon-

dylolysis with sclerotic changes on computed tomography
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Figure　1.　Bone fusion was evaluated by computed tomography. Non-fusion was defined as to be 

present when trabeculae did not pass across the lytic defect; (a) Fusion was defined as to be present 

when trabeculae passed across the lytic defect; (b) The dotted arrow shows the location of non-fu-

sion. The black arrow shows the location of fusion.

(CT) images, debilitating lower back pain with or without

leg pain, lack of response to conservative treatment for at

least 6 months, < Thompsons’s grade 2 for disc degenera-

tion, underwent one of the methods being assessed, and had

been followed-up for 6 months using CT. The choice of op-

erative procedures was made by the surgeons and institutes

involved. CT images were obtained every 3 months after

surgery until bone fusion was confirmed.

Bone fusion was evaluated using axial and sagittal CT

images by two experienced spine surgeons. Bone fusion was

defined to be present when trabeculae passed across the lytic

defect (Fig. 1). The inter-observer concordance rate was

evaluated. Operation time and blood loss amount were in-

vestigated. Visual analogue scale (VAS; 0-10) scores of

lower back pain were evaluated to determine the clinical re-

sults. This study was approved by an Institutional Review

Board, and the subjects and their parents, for those under-

age, provided informed consent.

Surgical procedure

A midline longitudinal incision was made under general

anesthesia. The paraspinal musculature was elevated laterally

to expose the pars and transverse process base. After expo-

sure of the pars interarticularis defect, the fibrocartilaginous

defect was curetted completely. Iliac bone was harvested

from the iliac crest and shaped to fit into the defect. The

cancellous bone was packed into the defect and the cortical

bone was placed on it and fit to the lamina surface. In the

hook group, pedicle screws were inserted and lamina hooks

were placed on laminae (Fig. 2a, 3a). Rods were bent to

connect the screw and hook. The grafted bone was stabilized

by compression between the screw and hook.

In the claw-hook group, a hook-rod complex and superior

lamina hook were connected to produce a claw-hook in the

first six patients (Fig. 2b). In two cases, the superior hook

was not placed appropriately. After these experiences, we

decided to place separate hook-claws and then connect them

to the pedicle screw using a maximally bent rod in the re-

maining patients (Fig. 2c, 3b). In both groups, a hard or soft

corset was used for > 3 months after surgery and removed

after bone fusion. The items evaluated were sex, age,

follow-up duration, operation time, blood loss amount, bone

fusion rates at each period, and VAS scores of lower back

pain before surgery and at the final follow-up.

Statistical analysis.

The bone fusion rate was compared using the Fisher’s ex-

act probability test. The other parameters were compared us-

ing the Mann-Whitney U-test. Statistical significance was

accepted at p < 0.05.

Results

In total, 17 patients were enrolled (14 male) with an aver-

age age of 16 (range 11-20) years.

The pars defect was at L3 in one case, L4 in three cases,

and L5 in 15 cases. Concomitant defects at L3 and L4 oc-

curred in one case and L4 and L5 in one case.

Five patients underwent pedicle screw hook fixation (the

hook group) and thirteen patients underwent pedicle screw

claw-hook fixation (the claw-hook group). One patient un-

derwent the hook method at L4 and the claw-hook method

at L5, and was therefore included in both groups.

There were five patients in the hook group (two men).

The average age was 16 (range 16-20) years. The average

follow-up period was 22 (range 9-39) months. There were

13 patients in the claw hook group (12 men). The average

age was 16 (range 11-20) years. The average follow-up pe-

riod was 12 (range 6-24) months. There were significantly

differences in the sex distributions of the groups (Table 1).
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Figure　2.　Pedicle screw hook fixation; (a) Pedicle screw claw-hook fixation: (b, c) The first six 

cases were treated using a rod-hook complex; (b) The remaining cases were treated using separate 

claw hooks; (c).

Figure　3.　Antero-posterior radiographs of pedicle screw hook fixation (A) and pedicle screw 

claw-hook fixation (B).

The operation time was 215 ± 86 (average ± SD) minutes

in the hook group, and 271 ± 73 minutes in the claw-hook

group. Blood loss amount was 78 ± 21 g in the hook group,

and 353 ± 307 g in the claw-hook group. Surgical invention

tended to be larger in the claw-hook group, but this differ-

ence was not statistically significant.

Operative complications included one case of dural punc-

ture in the hook group and two cases of position failures of

the superior lamina hook at the pars in the claw-hook group.

Bone fusion at the pars defect was evaluated by two spine

surgeons based on serial axial and sagittal CT images. The

inter-observer concordance rate was 93.8%.

The bone fusion rate at 3 months after surgery was 0% in

the hook group and 39% in the claw-hook group (p = 0.04),

0% in the hook group and 54% in the claw-hook group (p =

0.01) at 6 months, 20% in the hook group and 71% in the
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Figure　4.　Graphs of bone fusion rates at each period in the two groups.

Table　1.　Patient Characteristics and Operative Inventions.

Hook group (N=5) Claw hook group (N=13) P value

Age 16+/-3 16+/-3 0.19

Sex (male:female) 2:3 12:1 0.04

Follow up periods (months) 22+/-15 (9-39) 12+/-6 (6-24) 0.30

Operation time (minutes) 215+/-86 271+/-73 0.17

Blood loss amount (g) 78+/-21 (50-100) 353+/-307 (50-835) 0.11

Complications Dural puncture (N=1) Positioning failure of hook (N=2) 

claw-hook group (p < 0.01) at 9 months, and 40% in the

hook group and 71% in the claw-hook group (p = 0.13) at

12 months (Fig. 4).

In terms of clinical results, the VAS scores (0-10) before

surgery were 8 ± 0 in the hook group (n = 2), and 5.8 ± 2.6

in the claw-hook group (n = 7). The VAS scores at the final

follow up were 4 ± 0 in the hook group and 2.5 ± 2.3 in the

claw-hook group. The VAS scores were significantly im-

proved after surgery in the claw-hook group (p = 0.03), but

those in the hook group were not comparable because of

small sample size.

Discussion

Lumbar spondylolysis is generally thought of as a stress

fracture, and symptoms such as, lower back pain and bone

fusion, can mostly be improved in the early stages using

conservative treatment. However, bone fusion at the terminal

stage, such as pseudarthrosis, is difficult to resolve using

conservative treatment7). All subjects in this study were at

the terminal stage of spondylolysis at the pars interarticu-

laris.

There are several operative methods for the treatment of

lumbar spondylolysis. The pedicle screw hook fixation is

biomechanically stronger than wires in terms of flexion and

extension stiffness8,9). However, the pedicle screw hook fixa-

tion ends to provide weaker results in terms of torsion stiff-

ness8,9).

The bone fusion rate of pedicle screw hook fixation has

been reported as 50%-92%4,5,10,11); however, the definitions of

bone fusion used in these studies were not consistent. In this

study, bone fusion was defined by two spine surgeons based

on axial and sagittal- view CT images.

In contrast to the previous surgical reports, the bone fu-

sion rate at one year after surgery in the pedicle screw hook

fixation group was 40%. A possible explanation for the low

fusion rate may be the strict definition of bone fusion using

CT images.

The pedicle screw claw-hook fixation was invented to al-

low stronger stabilization and higher bone fusion rates12).

However, connecting the rod-hook complex and the superior

lamina hook was technically demanding in the present study.

We therefore decided to place two separate hooks at the

lamina to produce the claw before connecting the claw

hooks and pedicle screw using a maximally bent rod. Al-

though biomechanical tests comparing the pedicle screw and
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claw-hook systems have not been performed yet, the bilat-

eral claw-hooks should stabilize lamina motions in all direc-

tions and compensate the pedicle screw and hook method’s

weakness with respect to resisting torsion stiffness. The

higher bone fusion rate in the pedicle screw claw-hook fixa-

tion group suggested that this system provided stronger fixa-

tion than the pedicle screw hook fixation system.

A disadvantage of the pedicle screw claw-hook fixation

was that making the connection between the claw-hooks and

pedicle screw was technically difficult. Furthermore, the sys-

tem was too bulky to use for the treatment of consecutive

spondylolysis, for example, if L4 and L5 levels was both af-

fected.

In terms of the clinical results, the VAS scores improved

in the claw-hook group and but those in the hook group did

not, probably because the number of patients was too small

(n=2).

In terms of the relationship between bone fusion and

clinical results, Lee et al reported that there was no signifi-

cant difference in the clinical outcomes between the fusion

group and non-fusion group at the final follow-up13). How-

ever, bone fusion is a goal in the treatment of pseudarthrosis

and important in the prevention of spondylolisthesis.

The limitations of this study were that the number of pa-

tients was small, the backgrounds of patients were different,

the follow-up period was not long enough, and the choice of

surgical methods was determined by the surgeons and insti-

tutes rather than being standardized. And the individual dif-

ferences of the surgical technical skills were also limitations.

In conclusion, early bone fusion is important for treating

adolescents and young adults with lumbar spondylolysis.

The bone fusion rate of the claw-hook group was superior

to that of the hook group, suggesting that this method

should be used instead of the hook method when appropri-

ate.
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