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modified open-door type laminoplasty by augmenting the 
procedure with titanium plates to maintain patency of the de-
formed lamina. Nevertheless, deformed lamina fractures were 
still observed in several cases2,10,14). These so-called hinge frac-
tures (HFs) could happen intra-operatively while manipulating 
the hinge but also post-operatively in recovery stage, which are 
defined as delayed HFs10). However, only few surgeons have in-
vestigated about HFs because the lamina is well fused in the 
majority of cases, and most surgeons believe that HFs do not 
exert much influence over clinical outcomes. Some recent 
studies have indicated that HFs can cause axial pain or palsy 
that may be chronic2,10,14). Our previous study showed that pa-
tients with 3 or more HFs experienced significant worsening of 
visual analog scales for neck (VASn) and neck disability index 
(NDI) compared with patients with 2 HFs or less in multi-level 

INTRODUCTION

Cervical laminoplasty is a standard treatment for multi-seg-
ment spinal canal stenosis. It is usually used to treat cervical 
spondylotic myelopathy, ossification of the posterior longitudi-
nal ligament, and cervical disk herniation associated with de-
velopmental spinal canal stenosis1,3). Open-door laminoplasty 
is one of the most popular surgical methods that provides 
enough decompression of the spinal canal over multiple seg-
ments and reconstructs the stable laminar arch with sufficient 
room for the spinal cord2,7,12,15,17). The basic principle of this 
technique is elastic deformation of thinned lamina, which al-
lows complete healing. When the procedure was relatively new, 
Hirabayashi used a wire for lamina fixation; however, open 
lamina reclosure or fracture was a problem2,3). O’Brien et al.8) 
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ment, and 3 with developmental stenosis. The mean age of the 
patients was 58 years (range : 32–78 years). The male : female 
ratio was 49 : 31. Among the patients, 17 were smokers.

Surgical technique
All surgeries were performed by a senior surgeon who used a 

modification of the classic Hirabayashi open-door technique, 
securing the opened lamina with a titanium miniplate (Medtron-
ic, Memphis, TN, USA)2,3). Details of the surgical method are 
described in our previous study10). Briefly, gutters were created 
at the junction of the lateral mass and lamina. Open side and 
hinge side gutters were made using a cutting burr and a Kerri-
son rongeur, respectively. A green-stick deformation of the 
hinge was produced and laminar elevation and miniplate fixa-
tion were performed. One 7 mm screw was placed into the lat-
eral mass through the plate and one 5 mm screw was placed 
through the plate into the cut lamina in 65 patients. In 16 pa-
tients, two screws were used in both the lateral mass and the 
lamina. One plate was used for each level in all cases. 

Radiographic measurement
CT scanning was performed with a 16-multidetector CT 

(MDCT) scanner (Sensation; Siemens, Erlangen, Germany). 
Images were reconstructed using 2-mm-thick sections with no 
intervals and were optimized for evaluation of bony structures 
(width, 1500; center, 450). Postoperative axial CT scans were 
independently evaluated by three different reviewers (three 
neurosurgeons). The initial status of the hinge gutter and de-
layed HFs were evaluated as described previously (Table 2)10). 
Briefly, hinges were defined as deformed if the ventral cortices 
were bent but not broken (non-HF). The number of slices with 
a broken or disconnected inner cortex was counted among six 
or seven thin slices of CT scans obtained from a single lamina 

open door laminoplasty cases10). Nevertheless, risk factors re-
lated to this complication remain unclear. Therefore, we radio-
graphically evaluated hinge status and determined risk factors 
for delayed HFs following plate-only open-door cervical lami-
noplasty.

MATERIALS AND METHODS

From April 2005 to January 2012, 119 patients with cervical 
myelopathy underwent open-door laminoplasty in our hospi-
tals. Among them, 80 patients who had postoperative comput-
ed tomography (CT) scans within 2 years were enrolled in this 
study. All of the 80 patients suffered from myelopathic symp-
toms, such as motor weakness, sensory disturbance, or voiding 
difficulties. Table 1 shows the demographics of the studied pa-
tients. There were 45 patients with spondylotic myelopathy, 32 
with symptomatic ossification of the posterior longitudinal liga-

Table 1. Patient characteristics

Parameters No. (%) Mean (SD)
Patients enrolled 80

Age (years) 58 (10)
Sex (male/female) 49 : 31
Smoker/non-smoker 17 : 63
Lamina operated 362 4.5 (0.9)
No. of hinges made 270 3.3 (0.7)
No. of lamina screws used 

(single/double)
218 : 52

Patients with CTs
At 1 wk 38 (47)
4 mos or later 76 (94)
Both 34 (42)

CT scans obtained postoperatively 114 1.7

Table 2. Hinge status definitions

FU 
Hinge status

Abbreviation Definition 
Non-HF HF

1 wk 
Deformed Inner cortex remains intact. 

Dx Number of CT slices showing inner cortical breakage is written 
numerically next to D (such as D0, D5, etc.).

Fractured All inner cortices seen in CT slices obtained from one lamina are broken. 
Migrated All inner cortices are broken, malaligned, and inwardly moved. 

4 mo or later 

Primary union No inner cortical disruption or callus formation. Showing gap 
healing and obtaining more than one-half thickness. Secondary 
lamellar bone in outer cortex. 

Fractured+callus Callus (fibrocartilaginous) in inner or outer cortices. Woven bone but 
no lamellar bone yet. 

Migrated+callus Displaced and inwardly migrated plus callus Formation. 
Secondarily 

union 
Bony hard callus, remodeling of internal and external callus. Secondary 

lamellar bone in the outer cortex 
Nonunion Hypertrophic nonunion 
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(Dx) which indicates poor hinge status as disconnected number 
increases. If all of the inner cortices were broken, it was defined 
as fractured, and if the inner cortices had moved inside, it was 
defined as migrated and these are all considered as HFs. In later 
observations, primary union (PU) was considered as non-HF. 
Contrastively, nonunion, callus formation, and secondary union 
(SU) which demonstrates healing process occurred after fracture 
were considered as HF. The healing status of each lamina was 
determined by consensus of two or more of the three reviewers. 
Fig. 1 shows radiographic measurements of hinge-side gutter 
and open-side gutter location, open angle, and hinge width.

Statistical analysis
Kappa coefficients were used to check the reliability of initial 

and delayed hinge status assessments among observers. Con-
tinuous variables (age, radiographic measurements, number of 
screws) are shown as means±standard deviations, whereas cate-
gorical variables (hinge status, surgical level, sex, and smoking) 

are expressed as ratios or percentages. Pearson’s correlation was 
used for continuous variables and Spearman’s correlation was 
used for categorical variables. To identify variables indepen-
dently related to HFs, univariate or multivariate logistic regres-
sion analysis were used. In the logistic regression model, the HF 
group and non-HF group were treated as dependent variables. 
All tests were two-sided, and a value of p<0.05 was considered 
statistically significant. All analysis were performed with SPSS 
software (version 20.0; SPSS, Chicago, IL, USA).

RESULTS

A total of 114 CT scans from 80 patients were available for 
the assessment of hinge status : 38 patients at 1 week after sur-
gery, and 76 patients at 4 months after surgery or later up until 
2 years. The mean number of operated levels was 4.5 (range : 
3–7) and the mean number of laminoplasties was 3.3 (range :  
2–5). This discrepancy comes from the combination of partial 
C7 laminotomy and total C3 laminectomy. The total number of 
levels that had undergone open-door laminoplasty was 270. 

Radiographic outcomes
The CTs from 80 patients and a total of 270 laminae levels 

were evaluated for radiographic measurements. The mean 
hinge open angle was 30±4 degrees (range 21–39 degrees), 
which was a narrow range. The average hinge and open loca-
tions were 1.5±0.9 mm (range 0–4.1 mm) and 0.5±0.7 mm 
(range 0–3.5 mm), respectively. Hinge width averaged 2.7±0.6 
mm (range 1.5–4.6 mm). Initial hinge gutter status (Dx) was 
evaluated with CTs taken from 38 patients 1 week after surgery, 
and 10% (12 of 115) of hinges were found to be in danger of 
fracture or overtly fractured (D6 or worse) (Table 3). However, 
CTs taken at 4 months or later postoperatively (76 patients) 
showed an increased number of HFs (117 of 254, 46%) which 
indicates that majority of HFs occurred at delayed period rather 
than perioperative period.

Correlation coefficients between variables
The CT scans of 34 patients, who had both 1-week and later 

observations, were evaluated to verify the relationship between 
the independent variables including initial hinge status, open 
angle, operated level, number of screws used, and hinge-loca-
tion. Initial hinge status and the open angle, operated level, 
number of screws used showed high correlation (p<0.05). Re-
sults are shown in Table 4.

Fig. 1. Radiographic measurements of a) hinge open angle, b) hinge 
gutter location, c) open gutter location, and d) hinge gutter width.

Table 3. Initial hinge status (total 115 hinges)

1 wk n (%)
D0 54 (47)
D1 9 (8)
D2 10 (9)
D3 16 (14)
D4 9 (8)
D5 5 (4)

D6 or worse 12 (10)

Table 4. Correlation coefficients between variables (n=34)

Initial status Open angle Level Screws H-location
Initial status - 0.25 (0.01) -0.21 (0.028) 0.23 (0.016) ns
Open angle - NS NS 0.13 (0.068)
Level - NS NS
Screws - NS
H-location -
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Logistic regression analysis
Univariate and multivariate logistic regression analysis were 

both used to identify HF risk factors among several variables 
within 80 patients (38 patients for initial hinge status). Hinge 
width, sex, age, and smoking were statistically nonsignificant (p> 
0.05). Poor initial hinge status [odds ratio (OR)=2.025, 95% 
CI=1.525–2.689], medially placed hinge gutter (OR=1.807, 95% 
CI=1.285–2.542), double screw fixation on the elevated lamina 
(OR=3.096, 95% CI=1.596–6.005), upper surgical level (OR= 
0.633, 95% CI=0.471–0.849), and wide open angle (OR=1.107, 
95% CI=1.023–1.198) were identified as predictors of HFs by 
univariate logistic analysis (p<0.05). Among them, the multi-
variate logistic regression showed that poor initial hinge status 
(OR=1.982, 95% CI=1.413–2.780), medially placed hinge gutter 
(OR=2.376, 95% CI=1.271–4.440), and surgical level (OR= 
0.367, 95% CI=0.204–0.662) were risk factors for HFs after ad-
justment for other confounding factors, but double screw fixa-
tion was excluded. However, because the multivariate analysis 
results seemed to be biased due to colinearity between initial 
status and other variables (Table 4), additional multivariate 
analysis without initial hinge status was performed. Medially 
placed hinge gutter (OR=1.85, 95% CI=1.286–2.698), double 
screw fixation on the elevated lamina (OR=3.177, 95% CI= 
1.528–6.605), upper surgical level (OR=0.555, 95% CI=0.399–
0.772), and wide open angle (OR=1.085, 95% CI=0.996–1.182) 
had very similar ORs to univariate logistic regression analysis 
and was statistically meaningful (p<0.05) except open angle 
(p=0.063). Overall results are shown in Table 5.

Interobserver agreement
The kappa coefficients for hinge status at each observation (1 

week, 4 months or later) were 0.61 and 0.78, respectively. Kappa 
coefficients of 0.61–0.78 suggest good agreement among the 
observers.

DISCUSSION

HF and related complications
Laminoplasty typically achieves good operative results. How-

ever, there are still some postoperative complications despite 

many preventative efforts. C5 palsy is a representative complica-
tion of laminoplasty, with an average occurrence of 4.6% (range 
0–30%) patients after laminoplasty13). Many studies have at-
tempted to determine the pathologic mechanism of C5 palsy, 
which is still unclear. Satomi et al.15) reviewed postoperative CT 
scans of patients with weakness on the hinge side, which impli-
cated the lamina dropping into the spinal canal as the cause of 
weakness in 4 patients among 16. This suggests that the down-
ward displacement of the elevated lamina into the spinal canal 
might injure the nerve root13-15). 

Since Hosono et al.4) first reported axial symptoms in 1996, 
there have been many clinical reports of persistent axial neck 
and shoulder pain after laminoplasty9). Such pain is currently 
one of the most well-known complications of cervical lamino-
plasty. Possible sources of neck pain include dissected nuchal 
muscles, destroyed zygapophysial joints, and injured nerve 
roots2,4). Recently, some authors have postulated that HF may be 
a source of postoperative pain2,10,14). Hosono et al.4) suggested 
that the gutter on the hinge side causes shoulder pain until bony 
union is completed in this area. Tsuji16) reported that hinge gut-
ter shows radiologic union within 1 year and postoperative 
shoulder pain also subsides within this period. Our previous 
study also showed that multiple fractures of laminae can aggra-
vate postoperative VASn and NDI.10)

Risk factors for HF
As HF may increase C5 palsy and axial pain occurrence, HF 

prevention could be important for favorable post-operative out-
come. Therefore, risk factors for HFs would be important for 
precautions. However, to the best of our knowledge, there are 
no existing studies that determined HF risk factors; this study is 
the first attempt. In the present study, multivariate logistic re-
gression analysis indicated that poor initial hinge status, medi-
ally located hinge gutter, and upper cervical level are risk factors 
of HFs after laminoplasty. Double screws used for a single lami-
na are also thought to be a risk factor following interpretation of 
the multivariate logistic regression analysis excluding initial 
hinge status.

The prevalence of delayed HF was highly correlated with ini-
tial hinge status. As the count of disconnected inner cortex CT 

Table 5. Univariate and multivariate logistic regression analysis results for risk factors for delayed hinge fractures (n=80)

Risk factors
Univariate analysis Multivariate analysis 

OR (95% CI) p OR (95% CI) p
Initial status (from D0 to D7) 2.025 (1.525–2.689) 0.000 Not included
Hinge location (mm) 1.807 (1.285–2.542) 0.001 1.85 (1.268–2.698) 0.001
Screws (double vs. single) 3.096 (1.596–6.005) 0.001 3.177 (1.528–6.605) 0.002
Level (C3+C4/C5/C6+C7) 0.633 (0.471–0.849) 0.002 0.555 (0.399–0.772) 0.000
Open angle (degree) 1.107 (1.023–1.198) 0.012 1.085 (0.996–1.182) 0.063
Width of hinge gutter (mm) 1.483 (0.761–2.891) 0.247
Sex (F/M) 0.639 (0.349–1.169) 0.146
Age 0.993 (0.962–1.024) 0.648
Smoker 1.001 (0.502–1.995) 0.997
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slices increased (i.e., D6 or worse), occurrence rate of delayed 
HF increased simultaneously. The variation in univariate and 
multivariate logistic regression OR was very small (2.025 vs. 
1.982). This indicates poor initial hinge status as a firm risk fac-
tor for delayed HFs. This is likely because poor initial hinge sta-
tus may be similar to an HF. Consequently, as a confounding 
factor on multivariate logistic regression, initial hinge status 
could distort the results of other independent factors. Further-
more, poor initial hinge status is highly correlated with other 
independent factors, thus the real correlation of other factors 
with HF could be devalued. Therefore, only hinge location, 
double screws, level, and open angle were sorted out as inde-
pendent variables and additionally analyzed using multivariate 
logistic regression. This also has additional meaning to exclude 
the incomplete data, because initial hinge status data were col-
lected from 38 patients instead of 80.

Hinge gutter location has also been proposed to be an impor-
tant variable2). In this study, medially placed hinge gutters had a 
high OR and significant p-value in both univariate and multi-
variate logistic regression analyses. Specifically, comparing uni-
variate logistic regression to multivariate logistic regression 
without initial status, OR (1.807 vs. 1.85) was very similar and 
both p-values (0.001, 0.002) were also highly statistically signifi-
cant. This means that the medial gutter tends to break easily. 
This result corresponds with Hirabayashi’s study2). The reason 
for this result is unclear but there are several possibilities. First, 
the medial lamina is thinner than the lateral lamina and a thin 
gutter would be fragile. Second, even with the same length of 
elevation, open angle increases with medial gutter placement. 
This makes the gutter more compound and stressful, which 
could lead to HF. However, it is difficult to say if a more lateral 
hinge gutter always results in a good outcome. Because a lateral 
hinge gutter is a possible risk factor for C5 palsy and axial pain, 
some clinicians insist that the outcome of making a medial 
hinge gutter is better than making a lateral one6).

Although there were no significant differences between single 
screw and double screw use in initial multivariate logistic re-
gression analysis (with initial hinge status), it seems to be a pre-
dictor of HF. First, because of the formulaic technique, constant 
open angle was a prerequisite between two groups (30±4 in sin-
gle, 29±3 in double). However, there was a significant difference 
in the initial status average between the two groups (p=0.0163, 
Mann-Whitney U test; median=D0 in single, D2 in double 
screw). This revealed that the use of two screws to fill in the 
lamina may worsen its status. The initial multivariate analysis 
result seemed to be due to colinearity. It may be that when a 
screw is tightened in a clockwise rotatory motion, the hinge’s 
unidirectional shear stress might increase. Therefore, second 
multivariate analysis (without initial hinge status) seemed to be 
more reliable. Fig. 2 shows representative cases.

Comparing C3 & C4 with C5, or C5 & C6 and C7, the upper 
level had a high OR compared to the adjacent lower level. The 
remote level (C3 & C4 and C6 & C7) showed a more significant 

difference. The reasons for this result are unknown. We hypoth-
esize that it could be because of anatomic predisposition that 
the upper lamina is usually thinner than the lower. In addition, 
when elevation has been accomplished, the reformed lamina 
moves backward and becomes twisted slightly cranially so that 
its rostral end becomes closer to the upper intact lamina. For 
this reason, undercutting of the cranial lamina is usually need-
ed. On the contrary, the lower end lamina moves backward and 
away from the intact lamina below. Hence, the lower end lami-
nae obtain more room to move freely. Thus, on neck extension, 
the upper lamina is more likely to contact the intact lamina10). 
Another possible explanation is because of different healing 
rates. Rhee et al.11) claimed that C6 and C7 tended to have high 
union rates and healing speed compared to C4 and C5. A high 
healing rate could draw a low rate of HF.

Univariate logistic regression analysis indicated wide open 
angle to be a predictor of HF but multivariate analysis did not. 
Our surgical technique for hinge opening was standardized, 
thus the open angle varied within a narrow range (30±4 de-
grees). This could lead to statistical weakness. An OR near 1 
also supports this concept. Alternatively, open angle and initial 
hinge status may essentially be correlated with each other. Us-
ing a load deformation curve (Young modulus) as reference, if 
open angle becomes larger, it will pass by the elastic range and 
plastic range (deformation), and mechanical failure could oc-
cur. In this case, hinge status could be poor at the first week 
postoperative CT evaluation. Therefore, open angle and hinge 
status may be colinear, which could distort the multivariate 
analysis results. In fact, initial hinge status and open angle were 
positively correlated (r statistic=0.25, p=0.01), as determined by 
115 hinges. Multivariate analysis without initial hinge status had 

Fig. 2. CTs demonstrating representative cases. Scans were taken 1 
week and 4 months postoperatively. A : Open-door laminoplasty opera-
tion at C3–6 performed on a 52-year-old female. C4 level is shown and 
the radiologic measurement is described. Open angle 36°, hinge loca-
tion 3.5 mm, double screws, initial status d3. B : Open-door laminoplas-
ty operation at C3–6 performed on a 66-year-old male. C6 level is 
shown and the radiologic measurement is described. Open angle 26°, 
hinge location 1.2 mm, single screw, initial status d0. Double screwed 
case (A) shows poor initial hinge status and an unfavorable result.

B

A

POD 1 w POD 4 m
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a better p-value (0.063 vs. 0.171), but it was still greater than 
0.05. Combining two hypotheses could better explain the result. 
Further information is shown in Table 4, 5.

Hinge width had no correlation with HF (p=0.247). More 
force should be exerted on a narrow hinge within an equivalent 
area; thus, we expected that narrow hinge width would be a risk 
factor for HF, but we did not find a significant correlation be-
tween the two. Age was not significantly different in either uni-
variate or multivariate logistic regression analysis. For sex, al-
though it was statistically nonsignificant (p=0.146), females (F : 
M, OR=0.639) had a trend of fewer HFs.

Satomi et al.14) recommended using careful surgical technique 
to avoid HF, such as making the hinge gutter more lateral than 
on the open side and detaching the open side before drilling the 
hinge side, with frequent hinge stability checks during elevation 
by pushing the spinous process. Kawaguchi et al.5) suggested a 3 
mm diameter drill and an acorn-type bone-cutting bit for mak-
ing the gutter. In addition, we suggest meticulous screwing on 
the hinge side and avoiding an unnecessary wide open angle so 
as not to deform the hinge.

CONCLUSION

We determined the risk factors for delayed HF following 
plate-only open-door laminoplasty, which could be a source of 
axial pain or C5 palsy. Poor initial hinge status, medially placed 
hinge gutter, double screwed lamina, and upper cervical level 
seemed to be firm risk factors. Wide open angle could be a pre-
dictor as well. For successful clinical outcomes after lamino-
plasty, surgical and clinical precautions should be considered.
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