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ORIGINAL ARTICLE ‘ :
A radiographic evaluation of facet sagittal angle in cervical
spinal cord injury without major fracture or dislocation

T Takao!, K Kubota?, T Maedal, § Okada?, Y Morishita!, E Mori!, I Yugue', O Kawano!, H Sakai',
T Ueta! and K Shiba!

Study Design: A retrospective radiographic study with a minimum 2-year follow-up., '
Ghjective: To evaluate the relationships befween the cervical articular facets” marphology and the incidence of traumatic cervicat

| spinal cord injury (CSC1) without major fracture or dislocation.

Sefting: Spinal Injuries Center, Japan.

Methods: This study incltded 113 patients with fraumatic CSCI without major fracture or dislocation. Eighty-four healthy volunteers
without neurologica! deficits or cervical card pathofogy on magnetic resonance imaging {MRI) were defined as control subjects. We used
a plain sagittal radiograph to measure the facet sagittal angles (FSA) at four cervical segments in al! the CSCI patients and confrols.
We defined the FSA as the angle between the inferior margin of the superior cervical spinal body and the inferior articular process of the
superior vertebra,

Results: Most frequent incidence of CSCI was seen at C3—4 segment (54%). With respect to CSCl at C3-4 segment, 55.7% of the
subjects showed smallest FSA at C3-4 segment.

Conclislen: Most of the traumatic CSCI at C3-4 segment showed raised cervical articular facets at C3-4 segment. On the basis of
our resulfs; we hypothesized that the raised cervical articular facets might have an important role in the etiology of traumatic CSCL.
The cervical spinal cord at the C3-4 segment might receive the highest load during acute hyperextension of the cervical spine because

of the C3-4 articular facets’ morphology.

Spinal Cord {2017) 55; 515-517; d0i:10.1038/5¢.2016.172; publishied online 20 December 2016

INTRODUCTION

The incidence of traumatic cervical spinal cord injisry (CSCI) without
major fracture or dislocation has increased in developed countries
because of the increasing elderly population.' Most patients with CSCI
are elderly and presented with spinal hyperextension predominantly at
the C3—4 level? Several studies have reported that the cervical spinal
cord at the C3—4 segment. might receive the highest load during acute
hyperextension of the cervical spine®> We previously studied about
the reldtionships between spinal canal diarneter and pathophysiology
of traumatic CSCI without niajor fracture or dislocation.8? In the
study, the narrow spinal canal might be an important risk factor for
the incidence of traumatic CSCL However, we could not find the exact
etiology why most of traumatic CSC occurred at the C3-4 segment.
To our knowledge, few reports, included in our previous study, have
described the biomechanical etiology of traumatic CSCI without major
fracture or dislocation, and this remains unclear.

Through our previous studies, we hypothesized that the
development of traumatic CSCI without major fracture or dislocation
was associated with cervical articular facets’ morphology. In the study,
we measured the cervical facet sagittal angle by using a plane
radiograph in the sagittal plane. The aim of the present study was
to cvaluate the relationships between the cervical articular facets’
morphology and the incidence of traumatic CSCI without major
fracture or dislocation,

MATERIALS AND METHODS

Study population

Erom 2005 to 2011, 194 patients with traumatic CSCI without major fracture
or dislocation were treated in our facility. All these patients underwent
functional plain radiography, computed tomography, magnelic resonance
imaging (MR]) on the cervical spine and neurological examination by a senior
spine surgeon 2t the time of admission. All the subjects were admitted to our
facility within 2 days of trauma, and had evidence of CSCI with cervical
imramedullary intensity change on T2-weighted MRI. The following subjects
were eacluded from this study: patients with multiple segmental cervical cord
injuries, existing cervical myelopathy before trauma, apparent herniated disc at
the injured segment; severe instability at the injured segment on functional
radiography, or ankylosing spondylits at cervical spine.

In this study; 113 patients (101 men and 12 women; mean age;, 62 years
{range, 22-88 yenis)) with traumatic CSCI without major fracture or dislocation
were included. OF these, 3 subjects had an infury at the C2-3 segment, 61
subjects had an injury at the C3-4, 52 subjects had an injury at the C4-5, 13
subjects had an infury at the C5-6 and 4 subjects had an injury at the C6-7.
Eighty-four healthy volunteers (HV) (51 men and 33 women; mean age, 51
years (range, 28-86 years)) without newrological deficits or cervical cord
pathology on MR were defined as control subjects. Na significant difference in
age was found between CSCI and HV groups. The summaries of traumatic
CSCI patients and HY are shown in Table 1.

Institutional review board approval was granted and informed consent was
obtained from all of the patients;

1Department of Orthopaedic Surgery, Spinsé Injuries Cénter, llzuka, Japan and *Department of Oithopaedic Surgary, Kyushu University, Fukucka; Japan
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Measarement of the facét sagittal anglé in the sagittal plane.

We vised a plain radiograph in the sagittal plane to measure the facet sagittal
angle (ESA) at four cervical segments (C3~4, C4-5, €5-6 and C6-7)"in all of
the CSCI patients and conirols. We defined FSA as the angle between the
inferior margin of the superior cervical spinal body and the inferior articular
process of the superior vertebra (Figure 1)

Statistical analysis )
The Mann-Whitmey U test and Fisher's exact test were used for statistical
analyses. A Pivalue of <0.05 was considered statistically significant.

RESULTS :

Iy the present series, the incidence rates of traumatic CSCI without
major fracture or dislocation at the C2-3, C3—4, C4~5; C5-6 and C6-7
seginents were 2.7; 54; 28.3, 115 @nd 3.5%, respectively. Most
frequent incidence of CSCI was seen at C3—4 segment.

The mean values of the FSA at the four cetvical segments for the
subjects with traumatic CSCI and HV are shown in Table 2.
When compared with trauniatic CSCI and HYV, thete were no
significant differences at all of the segments. Among all the segments,
except €67, the C3-4 segment had a significantly smaller FSA than
the C4-5 and €56 segments in both groups. (Figures 2a and b},

The relationships between the incidence of traumatic CSCI without
major fracture or dislocation and the morphology of cervical articular
facets are shown in Table 3. 55.7% of the C3—4 SCI showed smallest

Table 1 The patients with traumatic cervical spinal cord injury (CSCD)
and healthy volunteers (HV)

Traumatic CSCI HY
No, (M:F) 113 {101:12} 84 (51:33)
Average age 62 (22-88) 51 (28-86)

Abbreviations; CSCH, cervical spinai cord Injury; HY, healthy volunteers.

Facet sagittal angle

Figure 1 Facét sagittal angle (FSA). We defined the FSA as angle between
the Inferior margin of the superior cervical spinal body and the inferior
articular protess of the superior vertebrae.

FSA.at the C3-4 segment. Moreover, with respect to C3—4 SCI, the

Table 2 The,average values of the FSA at the four cervical segments

C3—4 FSA was significantly smaller than those at the C4-5 and C5-6
segments (P=0.0195, Fisher's exact test).

DISCUSSION

Several studies have reported the frequent incidence of traumatic CSCI
at the level of C3-4 segment in the Japanese papulation.® We believe
that morphological differences between the cervical segments may
contribute to the mechanism of traumatic CSCL Hayashi ¢t af,’
reported that the cervical spine of the older subjects displayed
narrowing of intervertebral discs. and osteophytes at the levels of
C5-6 and C6-7, where range of motion was decreased. Such
degenerative’ changes resulted in retrolisthesis predominantly at the
levels of C3—4 and C4~5, where intervertebral disc space was well
maintained and mobility was well preserved. Moreover, Koyanagi
et al.' hypothesized that the restricted intervertebral mevement of the
lower cervical segrients due to degenerative changes might in fact
protect the spinal cord at thes¢ segments from fraumatic injury.
Therefore, the upper segments (C3—4 or C4-5) rostral to the fixed
segments might be damaged with cervical spinal hyperextension.
Howéver, through our experiences, not only elder patients but alss
médny younger patients without degenerative changes in the. lower
cervical segments developed CSCI at the C3—4 segment. On the basis
of this factor, we could not agree with their lypothiesis. Imajo et al.!
reported that the C3—4 finite element model with 60° facet was most
susceptible to CSCI without radiological abnormality and that: the
bony pincers mechanism was dependent on facet joint inckination.

a traumatic CSCI b  healthy volunteers
* *

140 * 140

-
w
w

130 ¢

facet sagittal angle
n

i N B

cif4  cafs o5/
* 0 < 0.01, Mann-Whitney-U test

Figure 2 The FSA at the thiee cervical segments for the subjects with
traumatic CSCL without major fracture or diglocation (a) and the healthy
volunteers (b). Among all the segments, except C6-7, the C3—4 segment had
a significently sinallet FSA than the C4-5 and C5-6 segments in both
£roups.

Table 3 The relationships between the incidence of traumatic CSCI
without major fracture or dislocation and the morphology of cervical
articular facets

Facet sagittal angle (FSA} (%) Injured segment  No. -  Smallest FSA
C3-4 c4-5 c5-6 c6-7 _ €34 €45 c5-6
Csci 133.4+6 136+5.7 135+6.2 1284+65 ¢34 61 34 (55.7%) 11 (18%) 16 (26.3%)
ns ns ns ns- .
HY 13064592 1341459 1324156 1248162 C4° 31 13(41.9%)  8(258%  10(32.3%)
56 13 6 {41.1%) 5 (38.5%]

Abbreviations: CSCI, cervical sginal cord injury; HV, healthy volunteers; ns, not sign'iﬁcanf.
Mann-Whilney U test was used for this statistical znalysis.
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On the other hand, Morishita et al® reported that the cervical
spinal cord at the C3—4 segment might receive the highest bony
impingement load during acute hyperextension of the cervical spine.
We previously studied about the refationships between cervical spinal
canal diamieter: and the incidence of taumatic CSCI without major
fracture ox dislocation.5? However, wecould net find the sigpificant
relationships betweeri cervical spinal canal diameter and the incidence
of traumatic CSCI without major fracture or dislocation. Those
published papers could nof indicate the exact bioritechanical etology
of traumatic CSCI without miajor fracture or dislocation.

The FSA at the C3-4 segment demonsirated significant smaller
angle when compared with the C4~5 and C5-6 segments. Moreover,
most of traumatic CSCI at the C3—4 segment showed smallest FSA at
the C3—4 segment, On the basis of our results, we hypothesized that
the raised cervical articular facets might have an important role in the
etiology of traumatic CSCI without major fracture or dislocation. The
cervical spinal cord ut the C3-4 segment might recejve. the highest
mechanical stress during acute hyperextension of the cervical spine
because of the C3—4 articular facets' morphology.

Some issues remain unaddressed in this study. In the study, the
C6~7 FSA was smallest amoug the cervical segments. However, we
could not discuss the affects of C6~7 articular facets’ morphology on
the etiblogy of traumatic CSCI. Using the present investigation as the
pilot study,’ further research that uses anatomical analysis of
the cervical spinal column with a larger patient population may help
shed light on these issues. Moreover, the. biomechanical etiology of
trawmatic CSCI without major fraclure or dislocation should be
clarified in quite some detail.

Facet saglial angle in CSCI
T Takao &t al
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ORIGINAL ARTICLE
Risk factors for severe dysphagia in acute cervical spinal
cord injury

T Hayashi!, Y Fujiwara?, H Sakai, T Maeda!, T Ueta® and K Shiba'

Study desigm A retrospective, consecutive case series.

Ohjectives: The relationship between dysphagia and acute cervical spinal cord injury (CSCI) has been recently reported; however,
the cause and mechanism of dysphagia are still not well understood. Mo definitive factors have yet been established according to
multivariate analysis. The obiective is to elucidate the incidence and risk factors of dysphagia in patients with acute CSCL

Sefting: Spinal Injuries Center, Fukuoka, Japan.

Methods: A total of 298 patients with acute CSCI, who were evaluated for neurological impairment within 3 days after injury, were
reviewed. CSC! patients with tube dependence due to obvious aspiration after injury were defined as having dysphagia. The factors
postulated to increase the risk for dysphagia, including ihie patient’s age, sex, American Spinal Injury Association (AS!A) impairment
scale at 3 days after injury, level of injury, tracheostomy and operative treatment, were analyzed using a mulfiple logistic
regression model. .

Results: Of 298 patients, 21 were suffering from severe dysphagia after acute CSCI (7.0%). Of these 21 patients, 12 (57%) had C8CI
at the C3-C4 leval. Multivariable logistic regression analysis revealed that ald age (>72 years), severe ASIA impairment scale {A or B)
and presence of tracheostomy were significant risk factors of dysphagia. Level of injury >C3-C4 was not a significant risk factor after
adjustment for several potential confounders.

Conclusion: The incidence of severe dysphagia assotiated with aspiration was 7%. Old age, severe paralysis and presence of
tracheostomy may be the risk factors for dysphagia, The risk for dysphagia should be evaluated to prevent aspiration pneumonia,
Spinal Cord (2017) 55, 940-943; doi:10.1038/5¢.2017.63; published online 30 May 2017

INTRODUCTION

Dysphagia following cervical spinal cord injury (C8CI) in the acute
phase can increase the risk of pulmonary complications, which may
cause Jife-threatening conditions.) Diseases of the respiratory system
are the first Jeading primary cause of death in patients with spinal cord
injury.2 In the USA, 67.4% of these are cases of pneumonia?
Especially, aspiration pneumonia remains a major cause of further
morbidity and mortality.#

registered In cur database system from January 2007 to December 2014, All
patients underwent computed tomography, magnetic resonance imaging and
neurological examination at admission. We retrospectively selected 298 patienis
based on the following criteria:! admission within 5 days following injury,?
patients with paresis or paralysis® patlents without brain injury* and paticots
without premorbid history of swallowing disorder before trauma, Neurological
impairment scale was cvaluated according to American Spinal Injury
Association (ASIA) impairment scale’ by surgeons and physiotherapists. Level
of injury was determined by two surgeons using computed tomography and

The relationship between dysphagia and CSCI has been recently
reported;*7 however, the cause and mechanism of dysphagia are not
well understood. Although several risk facrors for dysphagia such as
age, tracheostomy and anterior surgery have been postulated in
patients with CSCL*® no definitive factors have yet been established
according to a multivariate analysis. We conducted the analysis in
order to identify the risk factors of dysphagia using larger number of
patients and multivariate model. The purpose of this study was to
elucidate the incidence and risk factors of dysphagia in patients with
acute CSCL

PATIENTS AND METHODS

Patients

A total of 464 consecutive patients with traumatic cervical spinal injury with
and without spinal cord damage were treated at our institute and were

magnetic cesonance imaging. All surgeons were expert board members of the
Japanese Society for Spine Surgery and Related Rescarch, who determined the
level of injury and neurological impairment by using the ASIA classification.
Medical records were individually reviewed retrospectively to evaluate
condition of eating, tracheostomty due to respirafory complication and
aperation of CSCI. We extracted patients with tube dependence due to obvious
aspiration after injury. The functional oral intake scale (FOIS)™ was used to
evaluate oral inteke function (FOIS items—Level 1: Nothing by mduth, Levd 2:
Tube-dependent with minimal attempts of food or liquid, Level 3: Tube-
dependent with consistent oral intake of food or liquid, Level 4: Total oral diet
of a single consistency, Level 5: Total oral diet with multiple consistencies, but
requiring special preparation or compensations, Level & Total oral diet with
multiple consistencies without special preparation, but with spedific food
limitations and Level 7: Total ora) dict with no restrictions). Levels 1 through
3 relate to varying degrees of non-orat feeding; levels 4 to 7 relate to varying
b4

-
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degrees of oral feeding without non-oral supplementation. In this study, FOIS
levels 1 through 3, whose patients were tube-dependent for nutrition due to
obvious aspiration, were defined as having severe dysphagia.

This study was approved by our Institutional Review Board of Spinal Injuries
Center. Some of the patients in this study were included in our previous paper,
which examined the-risk factors of tracheostomy between 1996 and 2010.1!
Data analysis , !
We attlyzed the factors postulated to increase the rigk for dysphagia, including
the patient’s age, ASIA lmp:mment scgle (AIS) at 3 days after injury, level of
injuty, tracheostorny and operahve treatment. Paticnts with dysphagia were
compared Wwith these without dysphagia. ¥-test was used after the variables
were categorized. A logistic regression model was used to compute odds ratios
(ORs) and 95% confidence intervals (95% CIs) for an increased risk for
dysphagia. Age was categorized inte the following twe groups: 72 years or less
and 72 years. The cutoff value of 72 years was analyzed and selected using
recciver operating characteristic curve, AIS at 3 days after injury was categorized
into severe {A or B) and mild {C or D). Level of injury was categorized into the
following two groups: C3-C4 or more cephalic and G4~C5 or more caudal,
Treatment inethod was categorized into conservative treatment and operative
treatment. Whether the patients recsived tracheotomy within a month after
trauma was also categorized. The logistic regression model was adjusted for age,
sex, AlS, level of injury, treatment and tracheostomy, All statistical analyses
were performed using the JMP 10 statistical software package (SAS Institute
Ine, Cary, NC, USA). A P-value of less than 0.05 was considered statistically
significant,

RESULTS

Table 1 shows the patient demographics of this study. Of the 298
patients, 21 appeared to be suffering from severe dysphagia after acute
traumatic CSCI (7.0%). All of these patients experienced evident
aspiration, had to stop oral intake due to aspiration and were tube-
dependent temporarily for nutrition. The neurological status of each
patient with dysphagia revealed that 13 of those patients were AIS A,
6 patients were AIS B and 2 patients were AIS C. OF the 21 patients,
12 (57.19%) received tracheosiomy.

Of 21 patients who had severe dysphagia, 12 patients (5726) had
spinal cord injury at C3-C4, 4 patients (19%) at C4-C5, 4 patients
(19%) at C5—C6 and 1 patient (5%) had spinal cord injury at C6-C7.

CSCI patients with and without dysphagia were compared in
Table 2. Those with dysphagia showed significantly greater age, more
severe AlS, higher level of injury and presence of tracheostomy by
both #2-tests and simple logistic regression analyses. After adjustment

Table 1 Summary of demographic data of 298 patients with cervical
spinal cord injury

Severe Severe Total
dvsphagia® {+)  dysphagia (-)

Cases (n) 21 217 208
Age (median {range)) 73 {32-84) 63 (14-91) 64 (14-91)
Sex {male} {n (500} 20 (95} 236 (85) 256 (86}
Qperative treatment, (n (%5)} 7 (33 92 {33) 99 (33)
Tracheostomy {7 (%)) 12(57} 14 (5} 26 (9)
ASIA Impeirment scale (n (%)

A 13 (62) 85 (31) 98 (33)

B 6(29) 32(12) 38(13)

[ 2 {10} 125 {45) 127 (43).

D 00 35 (13) 3502

Dysphagia in acute cendcal spinal cord injury
T Hayashi ef 2/

ST

for potential confounding factors, multivariable logistic reression
analysis revealed thiat age >72 years (OR: 3.71, 95% CE 1.21-12.3,
P=0.02), AIS A or B {OR: 8.98, 55% CI: 2.06-63.60, P=0.008) and
presence of tracheostomy (OR: 16.41, 95% CL: 5.14-58,26, P<0.001)
were significant risk factors for dysphagia.

PISCUSSION

Several previous studies™™ have reported that the incidence of
dysphagia after CSCI was between 8.3 and 41%. Shin ef al* reported
that 10 of 121 (8.3%) tetraplegic patients showed evidence of
aspiration on a videofluoroscopic swallowing study. Shem et al®
reporied that dysphagia was present in 12 of 29 {41%) individuals
with acute tetraplegia who underwent a prospective bedside swillow
evaluation. In our study, which included the greatest number of

patients with acute CSCI compared with previous studies, the rate of

incidence was lower than in previous reports. The reason for this is
that patients with CSCI often present with varying degrees of
dysphagia, which makes it difficult to set a definition for dysphagia.
Our criteria for dysphagia, which was defined as patients with tube
dependence for nutrition due to obvious aspiration (FOIS levels 1-3),
may signify a more severe swallowing disorder than seen in other
studies.

Old age was significantly related to the higher incidence of
dysphagia in our study. Previous studies’® also identified age as a
significant risk factor. Aging itself, independent of CSCI, can increase

Table 2 Risk factors for dysphagia in acute cervical spinal cord injury

Severs dysphagl®  P-value®  Crugde OR  Adjusted OR

(+Hn=21 {~}n=277 {95% Cl) (95% Cl)

Age (y), n (%)
£72
>72

10{48)
11 {52}

210 (76)
67 (24)

Reference
3.71
{1.21-12.3F

Reference
344
{1.39-8.62)¢

0.004

ASIA impaimment scale, n (%)
c.D 2(10) 168 (58)
A B 19(90) 117 (44)

Reference Reference
125 8,98
(3.67-82.528 {2.06-53.60)°

<0001

Level of infury, n (%}
£ 045 2{43)
2034 12 {57}

189 (63}
109 {37)

Reference
2.57
(0,71-10.43)

Reference
2,47
{1.01-6.26)

0.04

Treatment, n (%)
Conservative
treatment
Operative
treatment

14(67) 185(62} Reference Reference

71(33) 92(38) 0991 1.01

{0.37-2.50)

6.78
0.18-3.43)

Tracheostomy, o (%)
Negative 9 {43}
Positive 12 (57)

Reference Reference
25.05 16.41
(9.19-71.71* (5.14-58.26F
Abbreviations: ASIA, American Spinal Injuty Association; Cl, cenfidence interval;

FQIS, functional oral imtzke scale; OR, odds ratio.

The logistic regression model was adjusted for age, sex, AIS, level of injury, treatment znd
lrachws’tpmy
fa: FOIS 3.

263 (88)

14 (12) <0.001

! intions: ASIA, Al Spina! Injury Assaciation; FOIS, functionzl pral intake scale,
#Severe dysphagia: FOISK 3,

*Severe d
bPaziue was caleulated by the Fest
£P<0.05 by univaciate or multivariate logistic analysis,
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the risk for dysphagia, because changes in physiology with aging are
seen in the upper esophageal sphincter and pharyngeal region, whose
sensation- is blunted with age.’?

Tracheostomy was a significant risk factor for dysphagia in this
study. As tracheostomy accompanied with acute respiratory faflure was
reported to be correlated with severe neurclogical impairment scale,
they may be confounding factors of dysphagia.!! Previous studies®®
also supported this correlation. Gross et al'® reported that the
reduction of respiratory volume and subglottic pressure due to a
tracheostomy tube or a thorax trauma raised thie risk of aspiration.
The reduction of subglottic pressure and stimulation of a tracheal
cannula to larynx and esophagus may cause dysphagia of patients
with tracheostomy.** The OR of tracheostomy was highest among
significant risk factors demonstrated in this study; thus, we need to pay
special atténtion to aspiration of patients with tracheostomy.

Qur study demonstrated that severe paralysis (AIS A or B) was a
significant tisk factor for dysphagia. Maeda et ali® reported that
the area of prevertébral hyperintensity on T2-weighted magnetic
resonance imaging had a significant negative correlation with the
ASIA motor score, indicating that patients who had larger prevertebral
hyperintensity tended to show more severe paralysis. Therefore,
swelling at the retropharyngeal space due to vertebral fracture or soft
tissue damage may affect swallowing dysfunction.

Multiple logistic regression analysis revealed that level of injury
> C3-C4 veas not a significant risk factor, whereas both y*test and
simple logistic regression model showed a significant difference. More
than half the patients with dysphagia had a spinal injury at C3-C4
level, whereas no patient had dysphagia at C2-C3 level in our study.
Seidl et al5 also showed that the number of swallowing disorders
increased as the level of tetraplegia lowered with the peak of the C4
level. On the other hand, Shem e al.® reported that no relationship
between dysphagia and level of injury was found to exist. Buchholz
and Neumann$ postulated changes in pharyngeal wall sensitivity as a
result of separation of the rear wall of pharynx as a result of rauma
and surgery. Most of the CSCI in old patients are spinal cord injury
without major bone injury, and they often occur at the C3-C4
level.171® Confounding factors, such as age and level of injury, should
be considered although injury at C3-C4 may affect a cause of
dysphagia because larynx is located just in front of C3-C4 vertebrae.

Our study showed that operation was not a significant risk factor
for dysphagia. Anterior surgical approach of cervical spine lias been
repotted to cause dysphagia !0 Andrew and Sidhu'? reported that
the greatest level of swelling or change in the prevertebral sofi tissues
after anterior cervical surgery occurred at the mid-body of C4 with an
averagé change of 10.7 mm. Because only 1 of 7 patients who
underwent surgery underwent anterior approach for CSCI, operation
might not be identified as a risk factor for dysphagia in this study.

Limitations to this study should be acknowledged. Patients with
dysphagia present with varying degrees of swallowing disorders,
Difficulty with food transmission through pharynx and problem of
mastication, which were other symptoms of dysphagia, were not
evaluated in this study, because we focused on aspiration. Also, as tube
dependence due to aspiration is & very important line between life and
death in clinical practice, we aimed to examine the risk factors for
severé dysphagia. Because our criteria for dysphagia was FOIS levels
1-3 due to obvious aspiration, only severe swallowing disorder
was defined as severe dysphagia and examined in this study.
Moreover, detailed examination using videofluoroscopic examihation
of swallowing or videsendoscopic evaluation of swallowing would
provide more accurate dingnosis of aspiration.
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When e treat acute CSCI patients with these risk factors, caution is
necessary to avoid aspiration. In addition to these risk factors, patients
with a past history of stroke, aspiration pneumonia or chronic
pulmonary disease may also require close attention and screening
tests in clinical proctice. Diet with special preparation, oral cate
avoidance of unnecessary tracheostomy and screening for dysphagia
should be performed to prevent pulmonary complications associated
with dysphagia and maintain better nutritive condition. Therefare, the
risk for dysphagia should be evaluated,

CONCLUSION

A total of 298 patients were retrospectively reviewed to detect risk
factors for dysphagia using a multiple logistic regression model.
The incidence of severe dysphagia associated with aspiration was
7%. Old age, severe paralysis and tracheostomy may be at risk
for dysphagia. Risk for dysphagia should be evaluated to prevent
aspiration preumaonia.
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Effects of orthotic therapeutic electrical stimulation in the
treatment of patients with paresis associated with acute cervical
spinal cord injury: a randomized control trial.
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Abstract
STUDY DESIGN: Arandomized controlled frial.

OBJECTIVES: To determine the effects of orthotic therapeutic electrical stimulation (TES) on the
hand in patients with paresis associated with acute cervical spinal cord injury.

SETTING: Spinal Injuries Center, Fukuoka, Japan.

METHODS: The study included patients treated for spinal cord injuries (Frankel classification,
arades B arid C) at our institution within 1 week post injury between May 2011 and December
2014, The patients were allocated randomly to TES and control groups at the time of admission
and underwent TES+conventional fraining or conventional training alone, respectively. Both
hands of each patient were treated in the same way. The primary outcome was total passive .
motion (TPM) of the fingers (degrees). The secondary outcomes were edema (cm) and the
upper-extremity motor scores of the International Standards for the Neurological Classification of
Spinal Cord Injury (ISNCSCI). After randomization, outcomes were assessed at 1 week, 1 month
and 3 months post injury in both groups.

RESULTS: Twenty-nine individuals were assessed at 3 months (15, TES; 14, control). There
were no significant between-group differences for TPM of the fingers, edema and upper-
extremity motor scores at 1 week, 1 month and 3 months after injury, although TPM of the
fingers tended to be lower in the control group.

CONCLUSIONS: itis unclear from the results of this study whether TES has a therapeutic effect
on TPM, edema or the upper-extremity motor score of the ISNCSCI. The results of this study
provide useful data for future meta-analyses.Spinal Cord advance online publication, 27 June
2017; doi:10.1038/sc.2017.74.

PMID: 28653674 DOL 10.1038/s¢.2017.74
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Abstract

Study design A retrospective study.

Objective Precise classification of the neurological state of patients with acute cervical spinal cord injury (CSCI) can be
challenging. This study proposed a useful and simple clinical method to help classify patients with incomplete CSCL
Setting Spinal Injuries Centre, Japan.

Methods The sensitivity and specificity of the 'knee-up test' were evalvated in patients with acute CSCI classified as
American Spinal Injury Association Impairment Scale (AIS) C or D. The result is positive if the patient can lift the knee in
one or both legs to an upright position, whereas the result is negative if the patient is unable to lift the knee in either leg to an
upright position. The AIS of these patients was classified according to a strict computerised algorithm designed by Walden
et al,, and the knee-up test was tested by non-expert examiners.

Results Among the 200 patients, 95 and 105 were classified as AIS C and AIS D, respectively. Overall, 126 and 74 patients
demonstrated positive and negative results, respectively, when evaluated using the knee-up test. A total of 104 patients with
positive results and 73 patients with negative results were classified as AIS D and AIS C, respectively. The sensitivity,
specificity, positive predictive and negative predictive values of this test for all patients were 99.1, 76.8, 82.5 and 98.7,
respectively.

Conclusions The knee-up test may allow easy and highly accurate estimation, without the need for special skills, of AIS
classification for patients with incomplete CSCL

Introduction

Precise classification of the meurological state of patients
with acute spinal cord injury (SCI) is essential in deter-
mining the prognosis, therapeutic strategy and outcomes/
benefits from the interventions [1-10]. The American
Spinal Injury Association (ASIA) published standards for
neurological and functional classification of SCI in 1982
[11]. The International Standards for Neurological Classi-
fication of Spinal Cord Injury (ISNCSCI) was accepted and
recommended by the International Medical Society of
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Paraplegia (IMSOP) in 1992, and the ASIA Impairment
Scale (AIS) based on the revised version of ISNCSCI [12,
13] is now used worldwide to determine motor and sensory
impairments in patients with SCI. In order to accurately
assess AIS, it is mandatory to determine the sensory level,
sensory scores, motor level and strength of the key muscles
using the ISNCSCI classification [14]. The ISNCSCI
method was tested for its inter- and intra-rater reliabilities
[15-26]. This method is slightly complicated, and several
studies illustrated that training and experience may be
required for accurate agreement (15, 20, 21, 25, 26].
Importantly, some studies reported that the reliability of
sensory and motor components of ISNCSCI in patients with
incomplete SCI was Iower than that in patients with com-
plete SCI [15, 19, 20, 22, 26). In the patients with motor
incomplete SCI, the most complicated task even after
training was to distinguish AIS B from AIS C/D based on
the motor sparing of more than three segments below the
motor level [20, 24, 27]. Moreover, in the patients classified
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Fig. 1 a In the knee-up test, the patient was placed in the supine
position. b Clinicians ask patients to Lift up their knees off the bed. If
patient was able to lift their knees to an upright position, then the

as AIS D after training, ~15% of those was misclassified
[20, 27]. These results indicate that a very careful evaluation
was mandatory to comectly assess AIS in patients with
incomplete SCI. These patients often exhibit spontaneous
motor function recovery; hence, an easy and quick to per-
form screening tool needs to be developed because a
complete ISNCSCI examination in these patients might
reach up to an hour, and frequent evaluation using the full
ISNCSCI method is not practical in the early stage of injury.

We previously reported that the knee-up test was useful
for the early detection of postoperative motor deficit [28] as
well as hysterical paralysis [29]. This test is also thought to
have a possibility to easily estimate the severity of paralysis.
The purpose of this study is to verify the usefulness of
estimating paralysis severity using the ‘knee-up test' in
patients with incomplete SCI, especially in distinguishing
AIS C from D.

Methods
Study population

A total of 675 patients with cervical SCI (CSCI) were
treated at the Department of Orthopaedic Surgery of the
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patient had a positive knee-up test result (left leg). c If the patient was
unable to lift the knees up to the upright position, then the patient had a
negative knee-up test result (left leg)

Spinal Injuries Centre from June 2005 to June 2016. The
inclusion criteria were the following: (1) patients with
traumatic CSCI verified using magnetic resonance imaging,
(2) patients with motor incomplete CSCI determined
according to the ISNSCI classification at the time of
admission and (3) ability to adequately communicate. The
medical records of 215 consecutive patients with acute
motor incomplete CSCI, who were treated within 2 days
after injury, were reviewed. Fifteen patients were excluded
because some motor functions were not testable due to
fracture and/or hypersensitivity of the extremities, The
medical records of the remaining 200 patients were then
analysed.

Informed consent was obtained from all individval par-
ticipants included in the study.

Manoeuvre of the knee-up test

Patients were placed in the supine position, and the clin-
icians asked them to lift up their knees off the bed (Fig. 1a).
If patients were able to lift their kaees to an upright position,
they were considered to have a positive knee-up test result
(Fig. 1b). If patients were unable to do so, then the knee-up
test had a negative result (Fig. lc). Patient had a positive
single knee-up test if he/she was able to lift at least one of
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his/her knees, whereas the patient was considered to have a
negative single knee-up test if he/she was not able to lift
either of his/her legs.

Patients were independently examined at the time of
admission by two expert orthopaedic surgeons (1.Y. and T.
U.), who had >3 years of experience in using the ISNCSCI
method. At the same time, two non-expert residents who
had <1 year of experience in using the ISNCSCI method
performed the knee-up tests. They were blinded to the
results obtained by the other observers.

Key muscles for knee-up positive and relation
between the key muscles and upper and lower
extremities’ muscle functions

Considering that the physiologic continuvity of the spinal
cord long tract fibres is broken into CSCI, paralysis of one
muscle is often linked to paralysis of the other muscles in
the upper and lower extremities. Therefore, we analysed the
key leg muscles that contributed positively to the knee-up
test and the relationship between the motor scores of all key
muscles and key leg muscles associated with the knee-up
test.

AlS classification

Regarding AIS, data to be filled into the neurclogical
worksheet were: sensory scores including light touch and
pin prick, motor score for each segment, presence of
voluntary anal contraction, and results of the knee-up test.
Since 1980, non-key muscles, such as shoulder elevation,
shoulder abductors, wrist flexors, finger extensors, hip
adductors, hip abductors and long toe flexors, were exam-
ined and graded using the Manual Muscle Test. All data
were collected prospectively. Given that the ISNCSCI
methods were improved during our study period, to update
the AIS classification, every parameter, including sensory
score, motor score for each segment and presence of
voluntary anal contraction of each patient, was entered into
a personal computer, and the AIS of each patient was
evaluated and verified by the computerised algorithm
designed by Walden et al. [30]. after completing the data
entry.

‘When a disagreement existed between the results of the
single knee-up test and the results of AIS obtained by the
two cbservers, the results were classified as single knee-up
test negative and as AIS C.

Statistical analysis
The association between the result of the single knee-up test

of a patient and the results of AIS was investigated. Fisher's
exact test was used to compare categorical data. Odds ratio

_43_

{OR), and 95% confidence interval (CI), sensitivity, speci-
ficity, positive predictive value (PPV), and negative pre-
dictive value (NPV) were calculated. The kappa statistic
was used to assess the inter-observer agrecement on the
knee-up test.

To clarify the importance of the key leg muscles in
maintaining the knee in its lifted position, the relationship
between the result of the knee-up test and the strength of
each key leg muscle was analysed using a multiple logistic
regression model. Correlations between the motor scores of
the significant key muscles and those of the other key
muscles were analysed using Pearson’s correlation coeffi-
cient. The correlation coefficient (r) was interpreted as
follows: value of r between —1.0 and —0.7 or 1.0 and (.7: 2
strong linear relationship; between —0.7 and —0.5 or 0.5
and 0.7: a moderate linear relationship; and between —0.5
and —0.3 or 0.3 and 0.5: a weak linear relationship [31]. All
statistical analyses were performed using the JMP 11 sta-
tistical software package (SAS Imstitute Inc., Cary, NC,
USA). A value of p < 0.05 was considered to be statistically
significant.

Results

Two hundred eligible patients (166 males, 34 ferales) were
selected for inclusion in the final sample. All injuries were
the result of blunt trauma, Mean patients’ age was 62.4
15.6 years (mean+SD) (range; 16-91 years). The con-
sciousness level of all patients was normal. The mean
interval between the day of injury and the day of evaluation
was 0.8 £0.75 day (mean+SD) (range, 0-2 days). The
neurological status of each patient was evaluated at the time
of admission. Neurological level of injury was C2 in 4
patients, C3 in 15, C4 in 104, C5in 45, CHin 25, CTin 6
and CB in 1 patient. Ninety-five of the 200 patients were
classified as AIS C. The mean total upper motor score
(TUEMS) was 11.95+ 1.14 (mean +SD) and mean total
lower motor score (ILEMS) was 14.26 + 1.08 (mean +
SD). According to Pouw et al. [32], traumatic central cord
syndrome (TCCS) was defined as a TUEMS of 10 points
less than the TLEMS; 30 in 95 patients (31.58%) had
TCCS. One hundred and five of the 200 patients were
classified as AIS D. The mean TUEMS was 30.10 + 1.07
(mean - SD) and mean TLEMS was 41.78 + 1.02 (mean +
SD). Fifty-five in the 105 patients (52.38%) had TCCS.
Both mean TUEMS and TLEMS in the AIS D group were
statistically significantly higher than those in the AIS C
group (TUEMS: p < 0.0001, TLEMS: p <0.0001) and the
percentage of TCCS in the AIS C group was statistically
significantly higher than that in the AIS D group (p=
0.0041) (Table 1). The kappa coefficient for the AIS
between two expert orthopaedic surgeons was 0.99 (p <
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Table 1 Demographic characteristics according to the American
Spinal Injury Association impairtnent scale

Patients C D p
95 patients 105 patients

Sex Male: 77; Male: 89; 0.572
female: 18 female: 16

Age (years) 64.1 4 1.59 60.8+1.52 0.145
(mean + SD) (mean + SD)

TUEMS 1195+ 1.14 30.10 + 1.07 <0.0001"
(mean + SD) (mean + SD)

TUEMS: 0-10 53 patients 7 patients

TUEMS: 27 patients 20 patients

11-20

TUEMS: 11 patients 26 patients

21-30

TUEMS: 4 patients 23 patienis

3140

TUBMS: No patient 29 patients

41-50

TLEMS 14.26 +£1.08 41.78 1 1.02 <0.0001"
(mean + SD) (mean + SD)

TLEMS: 0-10 41 patients 1 patient

TLEMS: 11-20 25 patients 2 patients

TLEMS: 21-30 22 patients 15 patients

TLEMS: 3140 6 patients 20 patients

TLEMS: 41-50 2 patients 67 patients

TCCS TCCS: 30; TCCS: 55; 0.0041™
non-TCCS: 65 non-TCCS: 50

TUEMS total upper motor scores, TLEMS total lower motor scores,
TCCS traumatic central cord syndrome

* Unpaired ¢ test: p <0.05
™" Fisher's exact test: p<0.05

0.0001). There was no difference in the knee-up test derived
by the two non-expert examiners.

One hundred and twenty-six patients exhibited positive
results when evaluated using the single knee-up test,
whereas 74 patients exhibited negative results, The mean
TUEMS was 27.034+1.10 (mean+SD} and the mean
TLEMS was 39,16+ 0.94 (mean+SD} in the knee-up
positive group, whereas the mean TUEMS was 12.04 &
1.44 (mean + SD) and the mean TLEMS was 10.91 +1.24
(mean + SD) in the knee-up negative group. Seventy-one in
126 patients (56.35%) had TCCS in the positive group and
14 in 74 patients (18.92%) had TCCS in the negative group.
Both mean TUEMS and TLEMS in the knee-up positive
group were statistically significantly higher than those in the
knee-up negative group (TUEMS: p <0.0001, TLEMS: p
<0.0001) and the percentage of TCCS in the negative
group was statistically significantly higher than that in the
positive group (p <0.0001) (Table 2). One hundred and
four of the patients with positive results were classified as
AIS D. Seventy-three patients with negative single knee-up
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test were classified as AIS C (Fisher's exact p < 0.0001; OR,
345.1; 95% CI, 45.5-2617.7) (Table 3). The sensitivity,
specificity, PPV and NPV of this test for all cases were
99.1, 76.8, 82.5 and 98.7, respectively. Conceming the
relationship between the knee-up test and TCCS (Table 4),
the sensitivity, specificity, PPV and NPV of this test were
83.5, 52.17, 56.35 and 31.03, respectively.

Multiple logistic regression demonstrated that hip flexors
(p < 0.0001; OR, 5.87; 95% CI, 2.94-13.6), hip adductors
(r=0.0352; OR, 2.11; 95% CI, 1.04-429) and hip
abductors (p = 0.0291; OR, 1.86; 95% CI, 1.06~3.49) were
statistically significant for the key leg muscles that con-
tributed positively to the knee-up test (Table 3). When the
muscles were restricted only to the ASIA key muscles,
multiple logistic regression demonstrated that hip flexors (p
<0.0001; OR, 10.9; 95% CI, 5.9-23.4) and ankle dorsi-
flexors (p =0.0255; OR, L.6; 95% CI, 1.1-2.6) were sta-
tistically significant for the key leg muscles that contributed
positively to the knee-up test (Table 6).

The motor score of both hip flexors (Table 7) and ankle
dorsiflexors (Table 8) showed significantly strong correla-
tions with that of the other key muscles in the lower
extremities, and significantly moderate correlations with
that of the elbow extensors, finger flexors and finger
abductors. The motor scores of hip flexors and ankle dor-
siflexors showed a significantly weak correlation compared
to those of the elbow flexors and wrist extensors,

Discussion

In the present study, we demonstrated the usefulness of the
knee-up test for AIS assessment in patients with motor
incomplete CSCIL To correctly assess AIS, several com-
plicated examination steps are required. First, sensory (ie,
light touch and pin prick sensation) and motor exarinations
for the right and left extremitics are determined according to
the ISNCSCI method. Second, NLI, which is the most
caudal segment of the cord with intact sensation and anti-
gravity muscle function strength, should be determined.
Third, AIS is evaluated using these sensory and motor
findings in a comprehensive manner. Mastery of skills
needed for each step in the ISNCSCI method is required for
clinicians as described above, indicating that examination
skills might influence the result of AIS grading. Both AIS C
and D indicate that motor function is preserved below the
NLI; however, the distinction between them is not always
easy. The function of more than half of the key muscles
below the single NLI have a grade of <3 (grades 0-2) is
classified as AIS C, whereas the case wherein at least half
(half or more) of the key muscles below the NLI have a
grade greater or equal to 3 (grades 3-5) is classified as AIS
D [14].
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Table 2 Demographic

characteristics according to the

result of knes-up test

Patients

Positive

Negative P
126 patients 74 patients
Sex Male: 107; female: 19 Male: 59; female: 15 0.436
Age (years) 61.06 + 1.39 (mean +- SD) 64.58 + 1.80 (mean +SD) 0.123
TUEMS 27.03 3 1.10 (mean +SD) 12.04 4 1.44 (mean + SD) <0.0001"
TLEMS 39.16 + 0.94 (mean + SD) 10.91 + 1.24 (mean 1 SD) <0.0001°
TCCS TCCS: 71; non-TCCS: 55 TCCS: 14; non-TCCS: 60 <0.0001"

TUEMS total upper motor scores, TLEMS total lower motor scores, TCCS traumatic central cord syndrome

" Unpaired  test: p <0.05
™ Fisher's exact test: p <0.05

Table 3 Relationship between the American Spinal Injury Association
impairment scale and the knee-up sign findings

Table 6 Multiple logistic regression by combined muscle functions
for the positive knee-up test

The ASIA impairment scale

Cm DM Total ()
Knee-up test positive 22 104 126
Knee-up test negative 73 1 74
Total 95 105 200

Table 4 Relationship between the traumatic central cord syndrome
and knee-up test findings

TCCS (1) Non-TCCS {n)  Total (n)
Knee-up test positive 71 35 126
Knee-up test negative 14 60 74
Total 85 115 200

TCCS traumatic central cord syndrome

Table 5 Multiple logistic regression by combined muscle functions
for the positive knee-up test (with the non-key muscles)

Combined muscle r Odds 95% confidence
functions ratio interval

Hip flexors <0.0001" 5.88 2.94-136

Hip adductors 0.0353° 210 1.05-4.29

Hip abductors 0.0292 1.85 1.06-3.49
Knee extensors 0.3549 0.78 0.45-1.30
Ankle dorsiflexors 0.1745 1.35 0.87-2.15

Long toe extensors 0.9054 1L.03 0.59-1.77
Ankle plantar flexors  0.7574 1.09 0.63-1.86

Y P<005

In patients with acute CSCI, some merits exist for
accurate distinction between AIS C and D. For example,
AIS C is a more appropriate neurological condition in
validating the efficacy of treatment for neurological
improvement [1-4]. In addition, acute complications were
found to develop more frequently in patients with AIS C
than in those with AIS D [5, 6]. Therefore, early distinction
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Combined muscle P Odds 95% confidence
functions ratio interval

Hip flexors <0.0001" 10,83 5.9-234

Knee extensors 0.7918 0.93 0.57-1.52
Ankle dorsiflexors  0.0255°  1.64 1.07-2.59

Long toe extensors 0.8930 0.96 0.57-1.62
Ankle plantar flexors  0.3503 1.26 0.77-2.07

" P<0.05

Table 7 Correlation between the motor score of hip flexors and those
of the other key muscles

Key muscle P Correlation coefficient
Elbow flexors <0.0001° 0.357
Wrist extensors <0.0001" 0459

_Elbow extensors <0.0001° 0.566
Finger flexors <0.0001" 0.564
Small finger abductors <0.0001" 0.509
Knee extensors <0.0001" 0.857
Ankde dorsiflexors <0.0001" 0.844
Long toe extensors <0.0001" 0.807
Ankle plantar Gexors <0.,0001" 0.836
" P<0.05

between AIS C and D is important to evaluate treatment
outcomes and complication risk during the early stage of
injury, especially the need for tracheostomy [5] in patients
with incomplete CSCIL

Several studies reported the inter-rater and intra-rater
reliability of ISNCSCI [15-26]. Generally, intra-rater and
inter-rater agreements among trained or experienced raters
were acceptable; [17, 21-23] however, even for trained
examiners, the agreements of sensory and/or motor exam-
ination were less reliable in patients with an incomplete SCE
than in those with a complete SCI [19, 22], In addition,
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Table 8 Cormrelation between the motor score of ankie dorsiflexors and
thase of the other key muscles

Key muscle P Correlation coefficient
Elbow flexors <0.0001" 0270
Wiist extensors <0.0001" 0410
Elbow extensors <0.0001* 0.520
Finger flexors <0.0001" 0.534
Small finger abductors <0.0001" 0.508
Hip flexors <0.0001° 0.845
Knee extensors <0.0001" 0.837
Long toe extensors <0.00017 0.896
Ankle plantar flexors <0.0001" 0.858
TP<005

although several studies have reported that training
improved accuracy of agreement [15, 16, 18, 20, 24-26],
efficacy was significantly lower in incomplete than in
complete SCI [15, 16, 20, 24-26]. For example, Chafetz
et al. [20] reported that training improved correct classifi-
cation of patients with AIS C from 29 to 54% and of those
with AIS D from 37 to 84%, and stated clearly that accurate
classification of AIS designation remained unacceptably
low even after training. These reports suggested that non-
experts should receive proper training' before using the
ISNCSCI in clinical practice [20, 23]. In this study, inter-
rater agreements among two expert orthopaedic surgeons
who bhad 5 years or more of experience in using the
ISNCSCI method in >400 SCI cases were high enough.
This means that to be able to correctly classify patients with
motor incomplete CSCI, proper training and greater level of
experience are needed.

In contrast, the knee-up test presented in this study does
not require special skills when performing. We previously
reported that the knee-up test was useful for the early
detection of postoperative motor deficit [28] as well as
hysterical paralysis [29]. In the current study, no patient
data overlapped with the previous studies [28, 29]. In a
previous study [28], hip adductors and abductors were
important muscles in lifting the knees up (knes-up test
positive) and in keeping the knee in this position. However,
these muscles were not used to analyse their correlations
with the key muscles in the current study, because they
were not key muscles of the ISNSCI classification. The
knee-up test also provides easy distinction between AIS C
and D in patients with motor incomplete CSIC. If the patient
could not lift his/her knees in either legs to an upright
position (single knee-up test negative), this patient was
classified as AIS C with 98.6% probability; on the other
hand, if the patient was able to lift his/her knee in at least
one leg (single knee-up test positive) to an upright position,
this patient was classified as AIC D with 82.5% probability.
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Although the knee-up test was useful to estimate AIS C or
D, the purpose of this test was not to promote shortcuts for
clinical evaluations but to screen the severity of motor
incomplete CSCI for non-expert examiners- using an easy
clinical tool. The knee-up test is thought to be useful to
estimate TCCS. However, with regard to the relationship
between the knee-up test and TCCS, the sensitivity, speci-
ficity, PPV and NPV of this test were 83.5, 50.89, 56.35 and
80.26, respectively. These results suggest that the knee-up
test is more useful for the distinction between AIS C and D
in patients with incomplete CSCI than for the distinction of
TCCS.

Even though the single knee-up test was positive in 126
patients, only 22 were classified as AIS C. This might
explain the relatively low specificity of the knee-up test.
Among these patients, 15 (68%) had a one side positive test
result. When a single positive test is divided into two
categories: both side positive (73 of 80 cases (91%) were
AIS D) and one side positive (31 of 46 cases (67%) were
AIS D), the percentage of correctly identified cases with
AIS D increased; however, the sensitivity and specificity of
the test could not be calculated. Regardless of its relatively
low specificity, these cormrection rates of classification
(98.6% and 82,5%) are high enough to be compared to the
results of the trained raters [15, 20, 24, 27].

In this study, we analysed the motor score of the key
muscles necessary for lifting the knee using a multiple
logistic regression model and found that the hip flexors and
ankle dorsiflexors were the statistically significantly asso-
ciated with the knee-up test (Table 2). Notably, the motor
score of these muscles had a strongly positive correlation
with the score of the key muscles in the lower limbs and a
moderately positive correlation with that of the key muscles
of upper limbs. These resnlts suggest that a simple exam-
ination using the knee-up test yields general information of
paralysis in extremities, especially in the legs, with great
accuracy. Alternatively, the lower-limb muscles, besides the
hip flexors and ankle dorsiflexors, had a moderate comrela-
tion with the upper-limb muscles. These results indicate that
patients with a positive knee-up test most likely had a
substantial motor function in the upper and lower Hmbs.
Given that the distinction between AIS C and D is that
whether at Jeast half of the key muscle functions below the
NLI have a muscle grade of >3 (5-3) or <3 (2-0), thereisa
high possibility that patients with positive knee-up test are
classified as AIS D. For this reason, this test could estimate
the AIS classification with high probability in patients with
incomplete CSCIL

There are several possible limitations associated with this
study. First, the sample size was relatively small. Second,
the knee-up test was evaluated at a single institution. Third,
this test is not applicable to patients with pelvic fracture
and/er lower-limb fracture who are unable to lift up their
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knees, Fourth, because only patients in a very acute stage
were exarmined, the results of this study cannot be trans-
ferred to patients in the chronic stage because of severe
spasticity, joint contractures, pain and heterotopic ossifica-
tions. Finally, the knee-up test is not useful for the patient
with CSCI who has absent motor function of the lower
extremities but sacral sensory sparing with sparing of motor
function more than three levels below the motor level for
that side of the body; the patient is then classified as AIS C.
‘When the patient had no leg motor function but who has
sacral sensory sparing, adequate ISNCSCI examination is
mandatory to precisely classify AIS. Despite these limita-
tions, we believe that this test is useful at bedside for non-
trained clinicians who are not familiar with the ISNCSCI
method. In addition, this test is applicable for the patients
who have difficulties with precise communication and
neurological evaluation.

In conclusion, the sensitivity, specificity, PPV and NPV
of this test for distinction between AIS C and D in patients
with motor incompiete CSCI were 99.1, 76.8, 82.5 and
98.7, respectively.
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A Safe Surgical Procedure for Old Distractive
Flexion Injuries of the Subaxial Cervical Spine

Osamu Kawano, Takeshi Maeda, Eiji Mori, Itaru Yague, Takayoshi Ueta, Keiichiro Shiba

Department of Orthopacdic Surgery, Spinal Injiries Cenfer, Fukuoka, Japan

Study Destgn: Retrospective raview,

Purgose: To describe a safe and effective surgical procedure foi old distractive fiexion (BF) injuries of the subaxial cervical spine.
Dverview ef Literature: Surgical treatment is required in old cases when a progression of the kyphotic deformity and/er persistent
rieck pain andfor the appearance of new neiirolagical symptoms are chserved. Since surgical restment is mare complicated and dan-
gerous in old cases then in acute distractive-flexion cases, the indications for surgery and the selection of the surgical procedure must
be carefully condugted,

Mielhads: To identify a safe and effective surgical procedurs, the procedure selected, reason(s) for its selection, and associated neu-
rological complications were investigated in 13 patients with old cervical DF injuries.

Results: No neurologicat complications were observed in nine patients {DF stage 2 or 3) who underwent the anterior-posterior-ante-
rior {A-P-A) method and two patients {DF stage 1} who underwent the posterior method. It was initially planned that two patients (DF
stage 2) who vadeswent the P-A method would be treated using the Posterior meihod alone; hawever, anterior discectomy was added
{0 the procedure after the development of a severe spinal cord disorder.

Gonclusians: The A-P-A method {anterior discectomy, posterior release andfor partial facetectomy, reduction and instrumentation,
anterior bone grafting] is considered to be a suitahle surgical procedure for old cervical DF injuries.

tteyweerds: Old cervical spine injuries; Distractive flexion injuries; Post-traumatic deformity; Circumferential release; Delayed presen-
tation

tntraduction

Distractive flexion (DF) injuries [1] are often observed
among patients with subaxial cervical spine injuries. The
treatment generally selected for patients with such inju-
ries is closed or open reduction and internal fixation with
the purpose of spinal reconstruction, ensuring protec-
tion of the spinal cord. Reduction is usually pesformed

during the acute phase, and good alignment can usvally
be obtained. However, the surgical treatment of patients
with old injuries, where the injury was overlooked at the
initial assessment, can be complicated and dangerous in
terms of spinal aligninent and spinal cord safety [2,3].
Surgical treatment is required in patients with old injuries
when there is progression of the kyphotic deformity and/
or persistent neck pain andfor the appearance of new
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neurological symptoms [4]. Because surgical treatment
is more complicated and dangerous in patients with old
infuries than in those with acute DF injuries, indications
for surgeiy and the selection of an appropridte surgical
procedure must be carefully conducted.

The purpose of this study was to clarify which surgical
procedure was the safest and most effective for treating
patients with old DF injuries of the subaxial cervical spine.
We also investigated the reasons why this type of injury
is sometimes overlooked at the initial assessment and
discugs the initial diagnostic methods that can be used to
avoid overlooking such injuries in the future.

fatetials and Bethods

The medical records of all 1,208 patients with subaxial
cervical spinal injuries who were surgically treated at our
institute befween 1990 and 2015 were retrospectively re-
viewed. Of these patients, only 13 were surgically treated
and had old trauma injuries, which were all classified as
DF injuries [1]. All patients were male and ranged in age
from 23 years to 73 years. The mean duration of follow-up
was 2.8 years {range, 2-5 years).

To investigate the reasons why DT injuries were over-
looked at the initial assessment, eventually resulting in old
fracture disfocation or post-traumatic kyphotic deformi-
ties requiring treatment, the following four items were ob-
tained {rom the records of the 13 patients: (1) the affected

Tabla 1. Case summary; primary assessment

C8/7 *
C4/5 - -
C5/8 + -
Co/6 + .-
Cs/7 -
C5/6 + -
Ce/7
ce7
C5/6
Ces7
C4/5
Ca5
13 -

T

T
.u
2
3
4
5
6
7
8
8

Arm pain

—_
[ =)

Quadriplegia

—

—
~

B A

intervertebral segment, (2) the presence of neck pain and
neurological symptoms at the initial assessment, {3} the
use of radiography at the initial assessment and the detec-
tion of any abnormalities on available radiographs, and (4)
the time between injury and surgery and the symptoms
that led to the correct diagnosis. To investigate the suit-
ability of the surgical procedure, the following items were
investigated: {5) the surgical procedure and the reason{s)
for its selection and (6} neurological and any other com-
plications associated with surgery:

Results
L. Affected segment of the cervical spine

Among the. 13 patients, the C4/5 segment was affected in
three, the C5/6 segment in fous, and the C6/7 segment in
six (Table 1). Many of the injuries affected the lower cervi-
cal spine, where injuries are prone to being overlooked
during radiegraphy because of overlap with the shoulder.
One patient with a C4/5 injury was diagnosed with a DF
injury at the initial assessment at another hospital; howev-
er, the patient was conservatively treated using a halo vest
to obtain reduction and fibrous fusion. Another patient
with a C4/5 injury had a complication of a dislocated lar-
yn3; treatment for this delayed the treatment for cervical
spine dislocation. A third patient with a C4/5 injury had
subluxation that spontaneously repositioned in the supine

+ None

+ + [Halo vest}

+ None

+ None

¥ None

3 None

+ None

+ + {Dislocation of the larynx)
+ None

+ CT 07 fracture

C1. computed tomography.
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position at the initial assessment. 3. Radiography at the initial agsessment

2. Symptoms immeédiately following injury Radiography was not performed at the initial assessment

iih three patients (Table 1), Of the 10 patients examined
Neck pain was observed at the initial assessment in 10 pa- . by radiography, abnormal findings were observed in only
tients, with sore fype of nearological symptoms observed two: the patient treated with a halo vest and the patient
in three patients (two with arm pain and one with incom- with the Jaryngeal injury, described above. A patient was
plete quadiiplegia) (Table 1). diagnosed as having a C7 vertebral body fracture by a

computed tomography (CT) scan. No abnormalities were
observed in seven patients who were radiographically ex-

[

1 Neck pain
2 Neck pain (halo vest) -
3 Meck pain ROM limitation of the neck
4 Neck pain Numbness of the arm
b Neck and arm pain
g Numbness of the fingers
7 Neck pain and patsy of U/E
8 Neck pain Palsy of U/E
g Neck pain and arm pain -
10 - Quadriplegia
11 Neck pain (dislocation of laryhx case) -
12 Neck pain Lt. C5 palsy
13 Neck pain Lt. arm pain

ROM, range of motion; U/E, upper extremity; Lt,, left.

Tobile 3. Case summary: diagnosis, treatment, and complications

T

i

2 5 - AP-A

3 45 - AP-A

4 15 + P

5 1.5 - AP-A

B 3 - AP-A

7 3 - AP-A .

8 2 - P-A AIS E>AD
g 2 - A-P-A -

i a5 - P-A AlS DsA=C
11 1.5 - A-P-A

12 1 - A-P-A -

13 2 - A-P-A -

F, posterior; A anterior; P-A, posterior-anterior; AIS, American Spinal Injury Association fmpairment Scale.
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amined. It was thought that these cases included patients
in whom the subluxation became spontaneously reposi-
ticned or the affected segment was hidden by the shoulder
and could not be diagnosed.

4. Time between injury and surgery and key symploms
that led to the correct diagnosis

Table 2 lists the patients’ primary and new symptoms,
and Table 3 summarizes their diagnoses and treatent,
The time interval between injury and surgery was one to
five months {mean, 2.4 months). Nine patients were di-
agnosed on the basis of other radiclopical examinations
investigaling new symptoms, and two patients were diag-
nosed upon reinvestigation because of symptoms that had
persisted since the initial assessment.

5. Surgical procedures

The anterior-posterior-anterior (A-P-A) method {anterior
distectomy; posterior release and/or partial facetectomy,
reduction and instrumentation, and anterior bone graft-
ing) (Fig. 1) was performed for nine patients (five at DF
stage 2 and four at DF stage 3); the posterior-anterior (P-
A) method (posterior release and/or partial facetectomy
teduction and inshimentation, anterior discectomy, and
bone grafting) was performed for two patients, both at DF
stage 2: and the posterior {P) method (posteriof release,
reduction, and fusion) was performed for two patients,
both at DF stage 1 (Table 3). Either spinous process wir-
ing or the lateral mass screw and rod system was used
for posterior instrumentation, Lateral {lexion-extension
radiography using X-iay images obtained prior to surgery

i, 1. {A) Lateral X-ray obtained immadiately after the injury {supine position). The distractive fiexion (DF}
injury was not clear. (8] Lateral X-ray obtained affer three weeks {sitting positton). C4/5 subluxation due to
the DF injury has been cleared. The patient’s neck pain persisted and feft C5 palsy subssquently developed. 1C)
Magnetic resciance imaging {MRI): 12 sagittal image. The C4/5 disc migrated to the spinal canal. (B« MRET2
sagittal image. Disc hemiation was removed with sufficient spinal cord decompression, 1E; Lateral X-ray ob-
tained after surgical freatment with the anterigr-posterior-anterior method using the lateral mass strew sys-
tem and anterior liac bone grafting. Good alignment was obtained. (Fi Multi ptanar reconstruction-compuied
tomography {one year after surgery). Good bony fusion was obtained at the C4/5 intesve rtebral body.
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Fig. 2. {A} Lateral flexion X-ray: C5/6 distractive lexion injury. C5 subluxation {DFS1). (B} Latéral éxtensiqn X-ray: 2 raduction position was obtained

bots 30

with no neurological deterforation. {¢) Magnetic resonance imaging MRl T2 sagitial image. No neurolagical complications occumed despite C5/6
dise bulging. {0} Lateral X~ray obtained after surgical treatment: posterior reduction and fixatior with spinous procass wiring and bone grafting

were performed.

confirmed that both patients treated with the P method
alone had obtained a reduction. Radiography had been
performed with the assistance of a spine surgeon while the
patient was conscious, and the lack of any new neurologi-
cal symptoms {spinal cord disorder or radiculopathy) was
confirmed at that time (Fig. 2). :

It was initially planned that the two patients who un-
derwent the P-A method would be treated using the P
method alone; however, these patients developed severe
spinal cord disorders. Therefore, anterior decompression
with discectomy and bone grafting were also performed.
Neithér patient achieved reduction, as indicated by lateral
flexion—extension radiography using X-ray images prior
to surgery.

6. Outcomes and complications

There were no intraoperative or postoperative complica-
tions among the nine patients treated using the A-P-A
method or the two patients treated using the P method.
These patients obtained good bony fusion. As described
above, the antertor method was added to the treatment
regimen of two patients because of the development of
severe spinal cord disorders. In both patients, aggravation
of the spinal cord disorder was caused by increased spinal
cord compression due lo interveriebral disc herniation.
In one of these patients, the neurological status deterio-
rated from American Spinal Injury Association Impair-
ment Scale {AIS) E to AIS A immediately afler posterior

._5 3._

surgery. However, one year after undergoing immediate
anterior decompression surgery, the patient’s neurological
status had recovered to AIS D (Fig. 3). The other patient’s
neurological status was AIS D befote surgery. Because
neurological deterioration from AIS D to AIS A was noted
immediately afier posterior surgery, emergency anterior
decompression surgery was subsequently performed. At
the final follow-up visif two years after presentation, the
patient’s neurological status was found to have recovered
toenly AISC.

‘The mean surgical time was 229.3 minutes (range, 160-
325 minutes) for the A-P-A method, 64.0 minutes (range,
60-68 minutes) for the P method, and 201.5 minutes
(range, 178-225 minutes) for the P-A method. The mean
blood loss was 269.2 g (range, 89-538 g) for the A-P-A
methed, 99.5 g {range, 80~119 g) for the P method, and
152.5 g (range, 108~197 g for the P-A methiod.

7. Compliance with ethical standards

This article does not contain any studies with human
participants or animals performed by any of the authors,
Informed consent ivas obtained from all individual par-
ticipants included in the study.

Niscrssinn

Two problems can arise regarding old cervical DF injuries.
The first relates to the initial assessment, and the second



Fig, 3. {A) Lateral neuwal X-ray: C6/7
distractive flexion injury. {B) Laterat
extension X-1ay. & reduction position
could not be obtained. (C} Magretic
resonance imaging {MRI): T2 sagittal
image. C6/7 disc protrusion. {D} Lateral
X-ray after surgical treatment: anterior
decompression and bone grafting were
added 10 the teatment regimen imme-
diately following pesterior surgery with
release, reduction, and fixation becavse
of the development of neurological de-
terioration as a result of disc hemiation
after surgery. {E} MRI: T2 sagittal image
obtained after surgery. A high-intensity
area remained in the spinal cord.

relates to the surgical procedure, The initial diagnosis and
treatment are performed as erergency medical services,
where it is difficult to sufficiently evaluate the lower cervi-
cal spine becduse it is hidden by the shoulder [5,6). CT
scanning has become simplified in recent years, allow-
ing the evaluation of bone fractures in the lower cervical
spine. However, spontaneous reduction of anterior disto-
cation or subluxation without fractures in the lower cer-
vical spine can sometimes occur in association with DF
injuries, but these cannot be accurately evaluated using
CT {7). When a cervical spine injury is suspected based
an the circumstances under which the injury occurred
or because of the presence of symptonis such as severe
neck pain, it'is necessary to carefully apply Iateral {lexion~
extension radiography using X-ray images, with the assis-
tance of a spine surgeon, in addition to radiography and
CT scans.

In patients in whom the affected segment of the cervi-
cal spine is hidden by the shouldes, it is worth evaluating
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using swimmer’s lateral view flexion—extension radiogra-
phy or a CT scan in the flexion position. At our institote,
lateral flexion-extension radiography or CT scans in the
flexion pasition are performed during the initial assess-
ment and the degree of instability due to soft tissue injury
is evaluated [8]. These investigations should be carefully
performed such that the patient’s neurological symptoms
are not aggravated. Recently, many surgeons have been
using magnetic resonance imaging (MRI) to detect soft
tissue injuries, The frequency of performing stress radiog-
raphy Is therefore expected to decrease in the future.

Our’ patients were surgically treated beécause of the per-
sistence of neck and arm pain or the deterioration of neu-
rological symploms {4]. These symptoms were caused by
progression of the kyphotic deformity and/or persistent
instability of the cervical spine. Accordingly, when select-
ing the surgical procedure, the goal should be to achieve
both good alignment and bony fusion to reconstruct the
injured cervical spine and avoid worsening any nearologi-



cal symploms.

Previous reports have discussed surgical procedures for
old (or delayed presentation) DF injuries, with apparent
advantages and disadvantages for each of thesz methods
[2,9-11]. Bartels and Ponk [2] concluded that the A-P-A
method should be performed for patients with non-acate
bilateral cervical facet dislocations. Hassan {10] reported
a method involving five steps, with traction in between;
however, the method is very complicated and Jeads to
a long treatment course. Liu et al. [11] reported that
anatomical reduction can be successfully achieved with
the P-A method, primarily including posterior release,
anterior release, reduction, intervertebral bone grafting,
and anterior plating, However, wé are concerned about
the possibility of the failure of reduction via the anterior
méthod and the Iow stability provided by anterior plat-
ing for circumferential soft tissue release to the cervical
spine. Basu et al. [12] feported that preoperative traction
is a safe and effective initial treatment for patienls with
neglected cervical facet dislocation. Traction may be effec-
tive for acute and subacute patients; however, the patients
in that study were treated at 7 to 21 days (mean, 14 days)
after injury, whereas our patients were treated more than
one month afier the injury. Goni et al. [13] suggested that
there was no role for skull traction in neglected DF inju-
ries to the cervical spine afier a delay of more than three
weeks. They recommended the Posterior method followed
by the anterior method.

Based on our experience, surgery can be safely per-
formed without worsening the patient’s neurological
symptoms using the A-P-A method (anterior discectoray,
posterior release and/or partial facetectomy, reduction
and instrumentation, and anterior bone grafting}, and we
believe that this method should therefore be recommend-
ed, even though it is rather complex to perform. Based on
their experierice, Liu et al. [11] recommended eithér the
P-A method (posterior reease, anterior release, reduction,
intervertebral grafling, and anterior plating) or the P-A-P
methad {posterior release, anterior reduction and plate
fixation, and posterior instrumentation). However, the
Posterior method has advantages in terms of safety and
strength for instrumentation during the reduction and for
arranging spinal alignment. We therefore consider the A-
P-A method to be more reasonable and to able to provide
better outcomes than the P-A and P-A-P methods. In any
case, circumferential release, fixation, and bone grafting
are likely to be necessary in patients with old DF injuries
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Prograssion of kyphotic deformity
Persistence of neck pain and/or neurclogical symptomis)
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Surgical treatment
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Reducible subluxation without neurolegicst symptomis)
{Lateral extension radiography using X-ray image}

No . Yes
Y / l
A-P-A method P method

Fig. 4. Flowehart for selecting the surgical method for ireating pa-
tignits with old distractive flexion injurtes. A-P-A, anterior-posterior-
anterior; £, posterior,

associated with neurological symiptoms and/or kyphotic
deformities,

The P method can be applied in patients at DF stage 1;
using this method, good reduction is achieved on lateral
extension radiography using X-ray images prior o sur-
gery, without worsening the patient’s neurclogical symp-
toms or disc herniation on MRI (Fig. 4).

Qur experience of patients with old cervical DF injuries
in which one or more months have passed since the tran-
ma has shown that forcible reduction via posterior release
alone results in an excess load to the anterior element
{intervertebral disc} duririg the process of scar formation,
bringing the risk of deterioration of the patient’s neurolog-
ical symptoms due to herniation of the intervertebral discs
[14]. The optimal type of surgical management should be
determined not only by the label of “old” but also based
on whether there is an irreducible condition due to scar
formation resulting from the microinstability of an old
DF injury. The A-P-A methed is considered to be a rea-
sonable, safe, and relizble procedure that can be applied
for patients with old DF injuries of the subaxial cervical
spine. The P method can be applied, such as in patients at
DF stage 1, in whom good reduction is achieved on lateral
extension radiography vsing X-ray images prior to sur-



[

gery, without a delerioration in the patient’s peurological

symptoms or disc herniation on MRL

A limitation of the present study was the small popula-
tion size (only 13 patients). Howevér, this was inevitable,
as this kind of lesion is infrequent. We nevertheless hope
that our clinical experience can help spine surgeons safely
treat patients with old DF injuries.

Canclusions

Because surgical treatment is more complicated and dan-
gerous for patiénts with old DF injuries than for those
with acute DF injuries, the surgical method must be care-
fully considered. Circuniferential release, fixation, and
bone grafting of the spinal column are likely to be neces-
sary in patienls with old cervical DF injuries associated
with neurological symptoms and/or kyphotic deformities.
The A-P-A method (anterior discectomy, posterior release
and/or partial facetectomy, reduction and instrumenta-
tion, arid anterior bone grafting) is consideted to be a rea-
sonable, safe and effective surgical procedure for treating
patients with old cervical DEnjuries.

Conilict of Interest

No potential conflict of interest relevant to this article was
reported.

References

1. Allen BL Jr, Ferguson RL, Lehmann TR, O'Brien
RP. A mechanistic classification of closed, indirect
fractures and dislocations of the lower cervical spine,
Spine (Phila Pa 1976) 1982;7:1-27.

2. Bartels RH, Donk R. Delayed management of
traumatic bilateral cervical facet dislocation: sur-
gical strategy: report of three cases. ] Neurosurg
2002;97:362-5. B

3. Kahn A, Leggon R, Lindsey RW. Cervical facet dis-
location: management following delayed diagnosis.

_55_

Crthopedics 1998;21:1089-51.

. Vaccaro AR, Silber J$. Post-traumatic spinal defor-

mity, Spine (Phila Pa 1976} 2001;26:5111-8.

. Bohlman HH. Acule fractures and dislocations of the

S

~

cervical spine: an analysis of three hundred hospital-
ized patients and review of the literature. ] Bone Joint
Surg Am 1979;61:1119-42.

Kwon BK, Vaccaro AR, Grauer JN, Fisher CG, Dvor-
ak ME Subaxial cervical spine trauma, | Am Acad
Orthop Surg 2006;14:75-89,

Kolli S, Schreiber A, Harrop |, Jallo J. Traumatic
cervical spinal cord injury with “negative” cervical
spine CT scair. BMJ] Case Rep 2010;2010:piiherl2,
2009.2525,

. Maeda T, Ueta T, Mori E, et al. Soft-tissue damage

and segmental instability in adult patients with cer-
vical spinal cord injury without major bone injury.
Spine (Phila Pa 1976) 2012;37:E1560-6.

. Allred CD, Sledge JB. Irreducible dislocations of the

10,

11

12,

13,

14,

cervical spine with a prolapsed disc: preliminary
resulis from a treatment technique. Spine {Phila Pa
1976) 2001;26:1927-30.

Hassan MG. Treatment of old dislocations of the
lawer cervical spine. Int Orthop 2002;26:263-7,

Lin P, Zhao [, Liu B Liu M, Fan 'W. A novel operative
approach for the treatment of old distractive flexion
injuries of subaxial cervical spine. Spine (Phila Pa
1976) 2008;33:1459-64.

Basu S, Malik FH, Ghosh JD, Tikeo A, Delayed pre-
sentation of cervical facet dislocations. ] Orthop Surg
(Hong Kong) 2011;19:331-5.

Goni V, Gopinathan NR, Krishaan V, Kumar R,
Kumar A. Management of neglected cervical spine
distocation: a study of six cases, Chin ] Traumatol
2013;16:212-5,

Sim E, Vaccaro AR, Berzlanovich A, Schwarz N, Sim
B. In vitro genesis ,gf.“gﬂ%b_s@;};_i_gi cervical unilateral facet
dislocations through sequential soft tissue ablation.
Spine (Phila Pa 1976) 2001;26:1317-23.

S



Cirical & Bxpermental
Neuroimmunology

REVIEW ARTICLE

Clinical and Experimental Neuroimmunology 8 (Suppl, 1), (2017) 47-53

Physiological basis and practice of rehabilitation medicine in the
management of individuals with spinal cord injury

Fumihiro Tajima,' Yoshi-ichiro Kamijo,' Tadashi Sumiya,' Yukihide Nishimura,' Hideki Arakawa,’
Takeshi Nakamura® and Kazunari Furusawa®

'Depariment of Rehabilitation Medicine, School of Medicine, Wakayama Medical University, Wakayama, 2Department of Rehabilitation Medicine, Schoo)
of Medicine, Yokohama City University, Yckohama, 3Department of Rehabilitation Medicine, Kibikogen Rehabilitation Center for Employment Injuries,

Okayama, Japan

Keywords
early rehabilitation; exercise physlology; ortho-
static stress; paraplegia; para-sporis; tetraplegia

Correspondence

Fumihiro Tajima, MD, PhD, Department of
Rehabilitation Medicine, Wakayama Medical
University, School of Medicine, 811-1 Kimiidera,
Wakayama city, Wakayama 641-8509, Japan.
Tel: +81-73-446-6475

Fax: +81-73-441-0664

Email: fumi@wakayama-med.acjp

Recalved: 14 November 2016; accepted: 24
Navemnber 2016.

Introduction

Abstract

Rehabilitation medicine has made dramatic and successful progress in
recent years, and neurologists and physiatrists have faced greater challenges
in coordinating the clinical management of patients with spinal cord injuries
(SCI). To ensure the best clinical outcome in SCI, physiatrist need to compre-
hend the dysfunctions of various body systems and the physiological
aspects of the central nervous, musculoskeletal and autonomic nervous sys-
tem, as well as the social support system. Furthermore, the rehabilitation
team, including physiatrists, nurses, physical therapists, social workers and
peer supporters, should provide surgical treatment, clinical management,
drug therapy and optimal assistance for SCl. We believe that the first impor-
tant task in the management of SCI patients is precise diagnosis of the site
of the spinal cord lesion. This should be followed as soon as possible by
spinal surgery to stabilize the vertebral column. The day after surgery, the
patient should be handled by the rehabilitation team. Orthostatic loads
should be applied, and exercise of the remaining muscles should begin in
order to ensure early mobilization and satisfactory repair. Our group has car-
ried out extensive vesearch into the pathophysiclogy of the cardiovascular,
respiratory, endocrine and autonomic nervous systems and exercise
respeonses in SCl, and reported the benefits and improvements of early
mobilization and exercise, and the safety of physical medicine and rehabili-
tation. The rehabilitation team should follow these individuals closely to
provide long-term clinical care, and deal with social issues arising during
the chronic phase. Participation in sports activities (para-sports} could work
well to improve the physical condition of these individuals,

and Japan. Today, physiatrists (i.e. a physician who
specializes in physical medicine and rehabilitation)

Rehabilitation medicine was established after World
War II after political pressure to cave for injured war
veterans, with the aim of improving the daily living
and quality of life of individuals with war-related
disabilities.® Subsequently, the scope of rehabilita-
tion medicine extended to otherwise healthy indi-
viduals who suffered traumatic spinal cord injury
(SCI). During the past five decades, rehabilitation
medicine has become a recognized dinical specialty
in many countries, incuding the USA, UK, Australia

© 2017 Japanese Society fer Neuroimmunclogy

face several challenges in the management of reha-
bilitation wards in addition to the coordination of
clinical care of patients with SCI with physicians of
other specialdes. To achieve optimal clinical out-
comes, physiatrists have to understand both the
physiclogical/clinical/social issues of clinical care plus
manage the entire rehabilitation team incuding
nurses, physiotherapists, occupational therapists and
case managers 10 deliver optimal medical and social
support for SCI patients.’
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Immersion
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l Spinal cord injured
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%% Chenge of mean blood pressure (%)
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Figure 1 Percent change in mean blood pressure In control (n = 6}
and spinal cord injury subjects {n = 8) during 3 min of cold pressor test
{foct immersion in 0°C water) and 3 min of recovery. Data are
mean = SEM. *P < 0.05, compared with the control petiod. *P < 005
control versus spinal cord injury subjects.

complications. In a study that compared patients
with chronic thoracic SCI and healthy subjects, our
group evaluated the vessel diameter, blood flow
velocity, and flow volume in the left and right caro-
tid arteries using high-resolution B-mode ultra-
sonography.” The results showed lower flow volume
and flow velocity in the common carotid arteries of
SCI than healthy subjects.

Isometric muscle contraction (static exercise)
induces a major circulatory response, and increases
in blood pressure and heart rate in normal subjects.?
In this regard, some researchers raised concerns
about excess pressure response during static exercise
in SCL* Our group investigated static exercise-
induced pressor response and blood redistribution in
non-exercising muscles during static exercise in SCI
individuals and normal subjects.” In the study, we
non-invasively measured the mean blood pressure,
heart rate, cardiac output, total peripheral resistance,
leg skin blood flow and leg muscle blood flow during
2 min of arm static exercise at 35% maximal volun-
tary contraction. All of the aforementioned parame-
ters increased in both the SCI and normal subjects
during maximal voluntary contraction, and the
amounts of the increases were similar. The results
also showed that sympathetic vasoconstriction in the
resting leg area did not contribute to the pressor
reflex during 35% maximal voluntary contraction of

® 2017 Japanese Sedety for Newreimraunology
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arm static exercise. These findings suggest that static
exercise in SCI was not worse compared with nor-
mal subjects.

In another study, we also compared the pressor
response with static exercise in patients with cervical
SCI (CSCIL spinal lesion at C6-C8 level) and normal
subjects. Static exercise significantly increased blood
pressure in both CSCI and normal subjects (Fig. 2).*
In contrast, the same exercise increased the heart
rate in normal subjects, but not in CSCI patients.
The significant increase in blood pressure observed
in the study indicates the presence of a peripheral
control loop from musde receptors, which evoked
pressor response during static exercise in SCI sub-
jects.

Pressure sores in SCI

Pressure ulcers remain a major problem in SCI, as
the condition compromises quality of life for finan-
cial, physical and psychological reasons. Pressure
ulcers occur almest exclusively over bony promi-
nences that are subjected to excessive pressure for a
length of time, and imevitably resolve once such
pressure is avoided. Therefore, it is likely that ische-
mia as a result of supracapillary pressure is the main

3 8
8
g
]

—Cr— Control
—®— 50

pressure {mmHg}
5 o

A Mean anterlal blocd
(=T}

Time (min)

Figure 2 Changes (A) in (a} mean blood pressure and (b) heart rate in
control {n=7) and spinal cord injury (SCI} subjects (n=7) during
2 min of static exercise (35% maximal voluntary contraction) and 4 min
of recovery, Data are mean £ SEM, *P < .05, compared with the pre-
exercise period. *P < 0,05, compared with $C) subjects.
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century. Dr Nakamura provided clinical care for a
large number of SCI patients, and his effort resulted
in the stabilization of their medical conditions. How-
ever, most of these patients had to stay in hospitals
for the remainder of their lives. Sir Goodman estab-
lished the basis of rehabilitation medicine for SCI,
and Dr Nakarmura started his clinical training in reha-
bilitation medicine in 1960 with Dr Goodman at the
Stoke Mandeville Hospital, Avlesbury, UK. After
completing the training and returning to Japan, Dr
Nakamura established Japan Sun Industries in 1965
at Oita Prefecture. The purpose of that project was to
provide jobs for individuals with physical disabilities.
However, the project offered only small handicraft
jobs, with much disappointment to Dr Nakamura.
Consequently, he popularized the slogan, “No char-
ity, but a chance” for individuals with disabilities,
and hired the firm to complete his dream. In 1972,
Japan Sun Industries grew dramatically after estab-
lishing joint ventures with modern industrial enter-
prises: Sony, Honda, Mitsubishi, Denso and Omron.
These large companies decided to join the project,
and consiructed subsidies at Oita. Before his death in
1984, Sun Industries had established several branches
at Aichi, Kyoto and Ohga. Since then, the Japanese
government legislated several regulations regarding
employment of individuals with disabilities; persons
with disabilities must form at least 1.8% of the work
force in most Japanese corporations.

Age-related problems in SCI

At the time of the establishment of Sun Industries,
all employees were young individuals; and the
majority were aged <30 years. When the Author
started working with Sun Industries in 1984, aging
of individuals with disabilities was not an issue and
was never discussed, as most physicians believed
that the majority of such individuals would die
within 20 years of the injury. At present, however,
most individuals with disabilities can live more than
30 years after the injury, particularly as they are
provided with optimal medical support and look
after their own condition.

Although individuals with chronic SCI suffer from
many of the same medical disorders of their able-
bodied counterparts, the clinical manifestations of
these medical conditions might be atypical because
of the complex physiolegical changes associated with
spinal cord transection, as described previously.>*!*
However, there is very little information at present
regarding age-related clinical problems in individuals
with disabilities.

© 2017 lapanese Soclety for Neuroimmunelogy
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Age-related changes in maximum oxygen
consumption and sports activities in SCI

The first physiological age-related change is a decline
in cardiovascular function and physical fitness.
Sadly, this issue has rarely been investigated in SCL
Approximately 20 years ago, we measured the maxi-
mum oxygen consumption (VO.max) of Japanese
wheelchair sports athletes with SCL'® Later, we
invited some of the individuals who participated in
the aforementioned study to join a follow-up study,
and examined age-related changes in VO,max, as
well provided information on their daily physical
activities and training that could have influenced
physical capacities. Seven athletes with SCI who par-
ticipated in the 4th, 5th and 6th Oijta International
Wheelchair Marathon Race were examined approxi-
mately 20 years ago, and re-examined for VOzmax
to determine the longitudinal changes in physical
capacity. First, as expected, there was a large
interindividual variability (Fig. 3);'* the VO,max of
participants A-F, who had continued participation in
marathon racing, was almost maintained or
increased over the 20-year period. Second, the
VO.max markedly increased in participants B and F,
who had undertaken regular exhaustive training.
Third, in participant G, who had not carried out any
sports activity during the same period, the VOzmax
was decreased by 53%. These results suggest that
vigorous physical capacity reflected the sports activi-
ties in individuals with SCI.

In the past, it was thought that excessive exercise
in SCI individuals could add insult to the neuro-
muscular and skeletal system as a result of altered
physiology; however, our results showed that one
of the highest load exercise, the wheelchair full
marathon race, increased physical capacity. There-
fore, we recommend the participation in sports
activities to SCI individuals, and that the workload
under medical observation can be more than mod-
erate exercise.

Mechanical ventilation for high-level CSCI

Most patients with high-level CSCI; that is, above
C3, are dependent on long-term ventilatory support,
and frequently suffer ventilatory insufficiency. Wicks
and Menter reported that the level of SCI was a
major determinant of ventilator independence; 85%
of C1 patients, 72% of C2 and 40% of C3 were
dependent on mechanical ventilation.’® During the
acute phase of CSCI, the mechanical ventilator with
the cuffed tracheostomy tubes should be set at low
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Assessment of chest movements in tefraplegic patients using
a three-dimensional motion analysis system
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ABSTRACT We used optoelectronic plethysmography (OEP) to evaluate the effects of
posture on chest and abdominal movements during respiration in patients with chronic-stage
complete spinal cord injuries. The subjects were five cervical injury patients (male, C4-C8
injury, American Spinal Iniury Association Impairment Scale grade A) and five healthy people
matched to esach of the cervical injury patients for age, height, and weight. The chest wall
movement each of the subjects was recorded using OEP during six quiet breathing and three
deep breathing periods in each of the following positions: supine, with the trunk elevated to 30°,
and with the trunk elevated to 60°. Data on the chest wall volume and compartment volumes
(upper thorax, lower thorax, abdomen) were then compared among the postures. During quiet
breathing in the tetraplegic patients, the change in upper thorax volume was smaller at the end
of inhalation than at the end of exhalation, presenting as a paradoxical breathing pattern. During
deep breathing in the tetraplegic patients, abdominal volume accounted for a large portion of
the change in total chest wall volume. Posture atffected the recorded abdominal volume; volume
was greatest in the supine position and decreased as the posture became more upright,
doi:10.11482/KMJI-B43(2)95  (Accepted on October 12, 2017)
Key words : Spinal cord injury, Optoelectronic plethysmography, Respiration, Paradoxical breathing,
' Three-dimensional motion analysis system

INTRODUCTION on how respiratory dysfunction due to spinal

In 1963, Stone and Keltz" published the first cord injury relates to injury level 2% and lung
detailed report on the pulmonary functions of complicationss'7). In patients with complete
patients with cervical and thoracic spinal cord cervical spinal cord injuries, even if the diaphragm

injuries. Since then, there have been reports is spared, the main respiratory muscles (such as
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Fig. 1. Positions of the reflective markers on the chest wall.

would not be covered by the subject’s body. The
subject’s shoulders were slightly abducted so the
markers on the chest wall could be photographed
using the cameras. The respiratory movements were
recorded using an optoelectronic motion analysis
system (VICON MX, Motion Capture Systems,
Oxford, UK), with six infrared cameras placed
around the subject. It was confirmed that all the
markers could be photographed with the infrared
cameras and checked on a PC so that the 3D
coordinates would be obtained without loss.

Next, the subjects were given sufficient time
to breathe naturally and instructed to perform a
period of quiet breathing followed by a period of
deep breathing, and to repeat this several times.
For deep breathing, the procedure for measuring
vital capacity with spirometry was as follows: the
subjects were instructed to perform a series of at
Ieast three maximum inhalations and maximum
exhalations. After data were recorded in the supine
position, the trunk was raised to 30°, followed by

._62._

60° the same assessment being‘performed in each
posture., The coordinate data were saved at 120-Hz
sampling,

The suspension criteria were: (1) subject asked to
stop, (2) subject complained of severe fatigue, and
(3} an adverse event occurred.

Estimation of chest wall volumes

We placed 45 infrared reflective markers on
the anterior and lateral surfaces of the chest and
abdominal walls. Next, virtual markers were defined
at points where lines dropped perpendicular to the
bed from each marker on the chest wall intersected
with a reference plane created by the four markers
on the bed (Fig. 2). The volume of the total chest
wall (Vew) and the volume of each compartment
were calculated from the markers' 3D coordinates
using the methods of Ferrigno and Carmnevali et
al.® and Wang et al. m. Vew was divided into
compartments as follows: volume of the upper

thorax (Vyr), volume of the lower thorax (Vyr), and
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Table 1. Characteristics of the tetraplegic patients and the control group
Study Group Age(years) Height{cm) Weight(kg}  Neurological level
CHRIES 420141 1708%52  6L8 %136 CHCHCHCHCS
control 440 = 10.7 1678 £ 1.9 68.1 = 11.3
(n=5)
p-Value 0.807 0.262 0.445
All the presented values are means * standard deviation. In the last line, the p-values of the
comparison between tetraplegics and controls are shown. All the tetraplegic patients were classified
as American Spinal Injury Assaciation Impairment Scale (AIS) A. The sex of all the subjects in
both groups was male.
five patients (age, 18-54 years; height, 164-178
em; body weight, 47.3-81 kg; time from injury, WL —
327-4,364 days) (Table. 1) and the control group 1,507 same 300
of five healthy subjects (age, 20-55 years; height, 1.257 a = T
165-170 cm; weight, 53-75 kg) completed all the — 100} .I i . * P<0.0S
m ’ H 1 E“
procedures. The final analysis was performed on all < 75 b i o
. a i
these subjects. >E I ; i,
=3 L
=l
.25
Effects of posture on volume changes of the total

chest wall during quiet breathing

We compared volume changes of the total chest
wall during quiet breathing [ AV¢y (QB)] at each
posture between the control and tetraplegic groups
(Fig. 3).

The mean AVy (QB) in each posture differed
significantly between the control and tetraplegic
groups. Additionally, AVey (QB) increased in the
control group as the posture became more upright;
however, the differences were not significant. In
‘the tetraplegic group, AV (QB) was significantly
greater at 30° than at 60°.

Effects of posture on volume changes of the total
chest wall during deep breathing

The mean value of AV.y (DB) at each posture
differed significantly between the control and
tetraplegic groups. Significant changes in AV oy
(DB) due to posture were not observed in the control
group. In the tetraplegic group, however, AVcy
(DB) tended to decrease as the posture became more

upright and was significantly greater at 0° than at
60° (Fig. 4).
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control (n = 5) tetraplegics (n = 5)

Fig. 3. Comparison of AVy (QB) due to posture between the
conirol and tetraplegic groups.

Each bar indicates the standard deviation, and the center of
bar indicates the mean. AVey (QB) expresses the change in
chest wall volume during a period of quiet breathing that is
equivalent to tidal volume by spirometry. The AV, (QB)
value tended to increase in the control group as the trunk
was raised, but the differences were not significant, In the
tetraplegic group, AVew (QB) was significantly greater
at 30° than at 60°. In the same posture, AVy (QB) was
significantly lower in the tetraplegic group than in the control
group.

Effects of posture on AV ey (ERV)/ AV ey {DB)

We compared AVey (ERVY AVey (DB) at each
posture between the control and tetraplegic groups
(Fig. 5). At the same postures, AVeyw (ERVY AVey
(DB) tended to be lower in the tetraplegic group
than in the control group, however no significant
differences were observed. AVey (ERVY AVey
(DB) tended to increase as the trunk was raised
in both the control and tetraplegic groups, but the

differences were not significant.
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control (n = 5) tetraplegics (n = 5)

Fig. 6. AVy (QB) and changes in each compartment volume,

Volume change of the upper thorax during quiet breathing [ AVyy (QB)], volume change of the lower thorax during quiet
breathing [ AVy; (QB)], volume change of the abdomen during quiet breathing [ AV, (QB)], volume change of the total chest
wall during quiet breathing [ AV (QB)]. In the control group, a significant difference was only observed for AV,; (QB) between
30" and 60°. In the tetraplegic group, AVy;(QB) at 0° was significantly different than at 30° and 60°, and AV,5 (QB) and AV,
(QB) were significantly greater at 30° than at 60°.
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Fig. 7. AV (DB) and changes in each compartment volume.

Volume change of the upper thorax during deep breathing [ AV,;; (DB)], volume change of the lower thorax during deep breathing
[AVyr (DB)], volume change of the abdomen during deep breathing [ AV,5 (DB)], volume change of the {otal chest wall during
deep breathing [ AV (QB)]. No significant differences in AV¢y (DB) due to posture were observed in the control group. In the
tetraplegic group, AVyy (DB) at (° was significantly different than at 30° and at 60°; AV, (DB) at 0" was significantly different

than at 60°; and AV, (DB) at §° was significantly different than at 60°. Both AV,y (DB) and AV (DB) decreased as trunk
angle inereased.
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expiratory reserve volume (ERV) and increased
residual volume (RV) due to lower forced expiratory
capacity. AVew (ERVY AV ey (DB) served as an
indicator of the percentage that expiratory effort
occupied among the factors causing decreased vital
capacity. In the present study as well, AV¢y was
lower in spinal cord injury patients than in healthy
people, and AV.y (ERV)/ AV, (DB) was also
lower but not significant. It was expected that AV
(ERV)/ AV o would decrease because abdominal
and intercostal muscle paralysis in tetraplegics
makes effort expiration difficult. However, because
there is a considerable difference in the average
value, it seems possible that the number of cases

was insufficient, and further study is necessary.

Effects of posture

The results of the current study show that the
volume change was larger both in the chest and
abdomen in supine position. It seemed that,
considering the possibility that the difference in
posture affects the load amount in respiratory
muscle strengthening and exercise loading, we
should pay attention to exercise posture when we
plan exercise protocol in such patients.

A previous study by Miccinilli ef al® assessed
subjects in two positions (supine and sitting in a
wheelchair), whereas the present study evaluated
three trunk angles (0°, 30°, 60°). Another study by
Romei ef al.*® found that when the trunk angle
of healthy women was increased from supine to
a reclining sitting position, the proportion of the
abdomen that comprised the ventilatory volume
of a breath decreased significantly, although no
significant difference was observed in healthy
men. They also found that respiration in the sitting
position was influenced by the presence or absence
of a backrest. In the present study, all agsessments
were performed using a backrest.

Past studies found that, in healthy people, chest
movements comprise a relatively large percentage
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during respiration in the standing and sitting
positions compared with the supine position,
while the abdomen makes up a relatively small
percentagels' 1,

In tetraplegic patients, volume change of the
lower thorax during quiet breathing [ AVi; (QB)]
decreased as the posture became upright, although
AV (QB) was a negative value consistently and
was not influenced by posture. Abdominal content
creates pressure on the diaphragm in the supine
position; however, in the upright position it does
not, making the diaphragm work more efficiently.
This phenomenon makes the rib cage be pulled
up to the cranial direction, so it is considered that
there is little movement in the supine position in
tetraplegics.

During deep breathing, the accessory breathing
muscles seemed to work because AV (DB) no
longer had a negative value. In this situation, it
seems that movement of the diaphragm directly
affected AVey (DB).

A study by Agostoni et al.’®

reported that
abdominal compliance increased in the supine
position even in healthy people. Goldman et al™
reported that, in the supine position, abdominal wall
compliance was 77% higher in spinal cord injury
patients than in healthy people. These findings help
substantiate the increase in volume change of the
abdomen (AV,g) that we observed in the supine

position.

CONCLUSION

In the present siudy, we performed a motion
analysis using OEP to evaluate the effects of posture
on the breathing pattern of patients with complete
spinal cord injuries. During quiet breathing,
spinal cord injury patients exhibited paradoxical
movements of the upper thorax and abdominal
movements made up the greatest percentage of
respiratory movement. During deep breathing,

tetraplegic also exhibited a breathing pattern that
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Abstract

Summary This study showed that bisphosphonate was safe
and effective for the treatinent of bone disorders in stage 4
chronic kidney disease {CKD) rats. Intermittent teriparatide
therapy showed an anabolic action on bone even under sec-
ondary hyperparathyroidism conditions without having an ad-
verse effect on mineral metabolism in late-stage CKD,
Introduction Patients with late-stage CKD are at high risk for
fragility fractures. However, there are no consensus on the
efficacy and safety of osteoporosis medications for patients
with late-stage CKD. In the present study, we aimed to exam-
ine-the efficacy and safety of alendronate (ALN) and
teriparatide (TPD) for treating bone disorder in late-stage
CKD with pre-existing secondary hyperparathyroidism using
a rat model of CKD.

Methods Male 10-week-old Sprague-Dawley rats were sub-
jected to a 5/6 nephrectomy or sham surgery and randomized
into the following four groups: sharm, vehicle (saline subcuta-
neous (sc) daily), ALN (50 wg/kg sc daily), and TPD (40 pg/
kg sc daily). Medications commenced at 24 weeks of age and
continued for 4 weeks. Micro-computed tomography, histo-
logical analysis, infrared spectroscopic imaging, and serum
assays were performed.

Results Nephrectomized rats developed hyperphosphatemia,
secondary hyperparathyroidism (SHPT), and high creatinine,
equivalent to CKD stage 4 in humans, ALN suppressed the
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School of Medicine, Kita-15 Nighi-7, Kita-ku, Sapporo 060-8638,
Japan

2 Chitose Institute of Science and Technology, Chitose, Japan

._67._

bone furnover and increased the degree of mineralization in
cortical bone, resulting in an improvement in the mechanical
properties. TPD further increased the bone turnover and sig-
nificantly increased the degree of mineralization, micro-ge-
ometry, and bone volume, resulting in a significant improve-
ment in the mechanical properties. Both ALN and TPD had no
adverse effect on renal function and mineral metabolism,
Conclusions BP is safe and effective for the treatment of bone
disorders in stage 4 CKD rats. Intermittent TPD therapy
showed an anabolic action on bone even under SHPT condi-
tions without having an adverse effect onn mineral metabolisn
in late-stage CKD.

Keywords Bone quality - Chronic kidney disease -
Hyperphosphatemia - Osteoporosis medication - Secondary
hyperparathyroidism

Introduction

Patients with chronic kidney disease (CKD) have a 2- to 14-
fold higher fracture risk than that of the general population [1,
2], and the incidence of fracture increases as the CKD stage
increases [3, 4]. Because patients with CKD experience frac-
tures more frequently than expected from bone mineral
density-based predictions [5-7], the increased fracture risk in
patients with CKD is attributable to bone quality abnormali-
ties in addition to bone loss. Previous studies demonstrated
that the abnormal mineral metabolism caused by CKD,
termed CKD-related mineral and bone disorder (CKD-
MBD} [8], leads to secondary hyperparathyroidism (SHPT)
with vitarnin D insufficiency, increased fibroblast growth fac-
tor 23 (FGF-23), and hyperphosphatemia, resulting in abnor-
mal bone turnmover and mineralization.

@_ Springer
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A problem in the management of osteoporosis in CKD is
that the information regarding the safety and efficacy of oste-
oporesis medications is lacking, especially for patients with
CKD stages 4 and 5 (late stage) who are more susceptible than
patients with CKD stages 1-3 to fragility fractures. Although
anti-osteoporotic agents, such as bisphogphonate (BP) or
teriparatide (TPD), reduce the fragility fracture risk among
patients with mild CKD [9], the safety and efficacy of BP
and TPD for late-stage CKD (stages 4 and 5) patients are
not entirely clear because clinical trials have not been per-
forrned on patients with CKD stages 4 and 5 due to safety
concems. Therefore, the data obtained from an animal study
examining the effects of these medications on CKD-MBD
should provide important information that will help establish
a treatment strategy for osteoporosis in patients with late-stage
CKD.

In the current study, we investigated the efficacy and safety
of BP and TPD for the treatment of hyperparathyroid bone
disease in late-stage CKD using a rat 5/6 nephrectomy model
and focused on how BP and TPD improve bone quality, in-
cluding material properties and structural properties, and on
whether intermittent TPD therapy shows an anabolic effect on
bone under SHPT conditions.

Materials and methods
Animal model and experimental design

All animal studies were performed in accordance with proto-
cols approved by the Hokkaido University Commitiee on
Animal Resources. Male Sprague-Dawley rats (n = 24;
8 weeks of age; CLEA Japan Inc., Tokyo, Japan) were main-
tained at 20 °C on a 12-h light/dark cycle with free access to
water and rat food containing 0.98% calcium (Ca) and 0.80%
inorganic phosphorus (IP) (Labo MR Stock; Nosan
Corporation Life-Tech Department, Yokohama, Japan).
Following a 1-week adaptation period to the new environ-
ment, all rats were stratified according to body weight and
underwent a two-third left nephrectomy. Two weeks after
the first surgery, a right nephrectomy or sham operation
(sham} was performed [10]. After the two-stage 5/6 nephrec-
tomy surgeries, all rats were randomized into three groups
within each stratum according to the following treatments:
vehicle control group (n = 6), alendronate (ALN) group
(n = 6), and TPD group (» = 6) (Fig. 1). ALN (LKT
Laboratories Inc., MN) at a dosage of 50 ug/kg/day was ad-
ministered to the animals by daily subcutaneous injection,
Recombinant human TPD (Forteo®; Eli Lilly Lid., Kobe,
Japan) at a dosage of 20 pg/kg/day was administered to the
animals by twice-daily subcutaneous injections {total 40 pg/
kg/day). These doses were selected based on previous studies
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[11, 12]. Sham-operated controls also received vehicle
treatment.

Serum chemistry tesis

Serum chemistry tests were performed using the blood col-
Iected at 24 weeks of age (the onset of treatment) and at
28 weeks of age (the time of sacrifice). Serun was separated
from the blood taken from fasted animals via centrifugation
(30 min, 3000 rpm) at 4 °C and stored in single-use aliquots at
—80 °C until analysis. Blood urea nitrogen (BUN), creatinine
(CRE), and TP levels were measurcd using enzymatic
methods. Ca levels were measured by the o-cresolphthalein
complexone methad. FGF-23 and intact-parathyroid hormone
(i-PTH) levels were measured using an enzyme-linked immu-
nosorbent assay (ELISA) kit.

Biomechanical festing

A three-point bending breakdown test was performed on the
femoral shaft using a load mechanical universal testing ma-
chine (RTC-1310, AND Corp., Tokyo, Japan). The femur was
placed with its anterior surface facing upward on the two
lower support bars that were 14 mm apart. The load was ap-
plied at a rate of 0.2 mm/min until breakage. The ultimate load
(N) and stiffness (N/mm) were calculated from the load-
deformation curve. The load-displacement data were normal-
ized 1o oblain inirinsic material properties, such as ullimate
stress and elastic moedulus, which are independent of cross-
sectional size and shape [13, 14].

Micro-computed tomography analysis

The right femur and fifth lumbar vertebral body were scanned
individually by micro-computed tomography (CT) (R_mCT2;
Rigaku, Tokyo, Japan) at a 20-pm isotropic resolution. For the
femur, a 2000-pm area of interest of 100 slices that
encompassed the distal metaplysis, starting from 500-um
proximal to the growth plate, was used to assess the bone
morphology. For the lumbar vertebral body, an area from the
upper growth plate to the lower growth plate was used to
assess the trabecular bone morphology.

Trabecular bene parameters of the distal femur and verte-
bral body, including the volumetric bone mineral density
(vBMD), trabecular bone volume fraction (BV/TV), trabecu-
lar number (TbN), and trabecular thickness (ThTh), were de-
termined using TRI/3D-BON software (Ratoc System
Engineering Co., Tokyo, Japan) in accordance with the guide-
lines described by Bouxsein et al. For cortical bone analysis of
the distal femur, the cortical thickness (CtTh) and polar mo-
ment of inertia (J) were determined [15].
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Fig. 1 Experimental medel and
design. A schematic diagram of
two-stage rat 5/6 nephrectorny
(Nx) surgery and the treatment
schedules for the osteoporasis
medications are shown
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Histology and histomorphometry

For dynamic bone formation analysis, caleein (20 mg/kg;
Dojindo Laboratories, Kumamoto, Japan) was injected subeu-
taneously at 10 and 3 days before the rat was killed. The
femora were fixed in 70% ethanol and stained with
Villanueva bone stain. These specimens were then subjected
to undecalcified tissue processing. The specimens were em-
bedded in methyl methacrylate (MMA; Wako Chemicals,
Kanagawa, Japan) and sectioned at 5 pm in the coronal plane.
The distal femur was examined by fluorescence microscopy
{BX53, Olyinpus, Tokyo, Japan) to evaliate the dynamic pa-
rameters of bone formation. Histomorphometiic analysis was
performed using Image] (NIH, Bethesda, MD). The measured
pararneters Tor trabecular bone of distal femur included total
tissue volume (T. A1), bone volume (B. Ar), osteoid volume
(0. An), bone surface (B. Pm), osteoblast surface, eroded sur-
face, single- and double-labeled surfaces (sL. Pm and dL. Pm,
respectively), and inter-label width. These data were used to
calculate the percent bone volume (B, At/T, Ar), percent os-
teoid volume (0. Ar/B. Ar), ostecoblast number, ostcoblast
surface (Ob. Pm/B. Pm), eroded surface (E. Pm/B. Pm), min-
eral apposition rate (MAR), and bone formation rate (BFR/B.
Pm) in accordance with the standard nomenclature proposed
by Dempster et al. [1€].

Fourier transform infrared spectroscopic imaging

The femora were fixed in 70% ethanol and were then subject-
ed to undecalcified tissue processing. The specimens were
embedded in MMA (Wako Chemicals, Kanagawa, Japan)
and sectioned at 3 pm in the coronal plane. The sections were
mounted on 1-mm thickness BaF, window (Pier Optics,
Japan) to assess bone quality by Fourier transform infrared
spectroscopic (FTIR) imaging. Spectra were acquired with a
Spectruimn Spotlight 400 Imaging System (PerkinElmer, MA,
USA), consisting of a FTIR spectrometer (Spectrum 400) and
infrared (TR) microscope with a linear array mercury-
cadmium-telluride (MCT) focal plane amray detector. FTIR
images were collected in the transmission mode at a spectral
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resolution of 4 en™" and 1 scan/pixel in the frequency region
from 4000 to 680 cm™ with an IR detector pixel size of
25 % 25 pm.

FTIR spectra were extracted from the FTIR images. After
subtraction of a linear baseline and MMA spectrumn, the FTIR
spectrum was used to characterize the bone quality. A number
of metrics related to bone biochemistry were calculated, in-
cluding the mineral-to-matrix ratio [MTMR; PO~ (1183—
985 cm™ Yamide I (1707-1599 cm 1)), which describes the
degree of phosphate mineralization, and the carbonate-to-
phosphate ratio [CTPR; CO4*~ (895-849 em™')/PO,*~
(1183-985 em™ "], which describes the amount of carbonate
substitution in the apatite crystal lattice [17].

Statistical analysis

Comparisons of data among the sham and CKD vehicle
groups were performed using a Student’s ¢ test. Comparisons
of data among the CKD groups were performed using a one-
way analysis of variance and Newman-Keuls tests. A signif-
icance level of P less than 0.05 was used for all comparisons.
Data are represented as the mean = standard deviation (SD).
All statistical analyses were performed using GraphPad Prism
version 5 {GraphPad Software, San Diego, CA, USA).

Results
Rat 5/6 nephrectomy led to CKD stage 4 in rats

When treatment commenced at 14 weeks after 5/6 nephrecto-
my, the serum BUN and CRE levels were significantly elevat-
ed in the CKD rats compared with the rats in the sham group.
Although the serum Ca levels did not change in the CKD rats,
the seruim levels of IF, FGF-23, and -PTH were significantly
clevated among CKD rats compared with the rats in the sham
group (Fig. 2a). These serologic data suggested that the 5/6
nephrectomized rats developed a condition equivalent to CKD
stage 4 in humans in terms of renal function and mineral
metabolism.

@_ Springer
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Fig.2 Effects of ALN and TPD treatments on renal function and mineral
metabolism in 5/6 nephrectomized rats, a Serum chemistry tests for renal
function (BUN, CRE) and mineral metabolism (Ca, 1P, FGF-23, and i-
PTH) 14 weeks after 5/6 nephrectomy showed that the nephrectomized
rats developed CKD stage 4 at the start of treatment with the osteoporosis
medication. b The effects of 4 weeks of treatment with ALN or TPD on
renal function and mineral metabolisin are shown. The ALN and TPD

Effects of BP and TPD on renal function and mineral
metabolism in rats with CKID stage 4

Serum chemistry tests were perforined 4 weeks after treatment
with ALN or TPD to assess the effect of these medications on
renal function and mineral metabolism (Fig. 2b). Neither ALN
nor TPD further elevated the serum levels of BUN and CRE in
the CKD rats, indicating that 4 weeks of treatment with BP or
TPD did not worsen renal function, Regarding the mineral
metabolism, the rats in the ALN group had decreased serum
levels of Ca and TP compared with those in the vehicle group.
The decrease in IP levels in the ALN group was not signifi-
cant; however, the serum levels of IP in the ALN group were
equivalent to those of the rats in the sham group, indicating
that ALN normalized the serum IP levels. TPD did not signif-
icantly change the serum levels of Ca and IP. The FGF-23
levels tended to be increased by ALN treatment but decreased
by TPD therapy (mean change of FGF-23 4 weecks after the
treatment from the baseline —10.4 + 10.6% in the vehicle
group, 12.3 + 24.3% in the ALN group, and —30.9 + 10.5%
in the TPD group). The i-PTH levels tended to increase in the
ALN group but tended to decrease in the TPD group, albeit
the changes were not statistically significant (mean change of
i-PTH 4 weeks after the treatment from the baseline
49.3 £ 76.6% in the vehicle group, 150.2 & 145.6% in the
ALN group, and —28.6 & 10.9% in the TPD group).
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treatments did not worsen renal function. The ALN treatment normalized
hyperphosphatemia and increased the serumn levels of FGF-23 and i-PTH,
albeit not in a statistically significant manner, TPD treatment showed a
tendency to increase the TP levels and decrease the serom levels of FGF-
23 and i-PTH, albeit not in a statistically significant manner, Values
shown are the mean = SD. *P < 0.05

Effects of BP and TPD on biomechanical properties in rats
with CKD stage 4

The biomechanicat properties of the femoral shaft were eval-
uated by a three-point bending test (Fig. 3). The femora from
the rats in the sham and vehicle groups did not exhibit any
significant changes in ultimate load and in stiffness; in con-
trast, after the 5/6 nephrectomy, the intrinsic material proper-
ties of the femoral shaft deteriorated. Compared with the fem-
ora fromn the rats in the sham group, the femora from vehicle-
treated CKD rats exhibited a significant decrease in elastic
modulus and bending strenglh (P < 0.05). Treatment of the
CKD rats with ALN tended to restore the intrinsic material
properties, as well as the ultimate load and stiffness, albeit the
improvement was not statistically significant. TPD therapy
significantly increased the ultimate load, elastic modulus,
and bending strength compared with those of the vehicle-
treated CKD rats.

Effects of BP and TPD on bone volume .
and micro-structural properties in rafs with CKID stage 4

We next evaluated the changes in bone volume and micro-
structure of the distal femur and of the fifth lumber vertebral
body (Fig. 4). Compared with the rats in the sham group, the
nephrectomized rats had a statistically significant change in
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Fig. 3 Effects of ALN and TPD treatmenis on the biomechanical
properties of the femora in rats with CKD. Although nephrectomy did
not have a significant negative impact on the ultimate lcad and stiffness,
the intrinsic material properties, incleding clastic modulus and bending
strength, worsened in the rats of the vehicle group compared with the rats

the BV/TV in the distal femur; however, there were no chang-
es in the BV/TV in the L5 vertebral body and the vBMD and
structural parameters of the trabecular and cortical bones in
both the distal femur and L5 vertebral body. Compared with
the rats in the vehicle group, the rats in the ALN treatment
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Fig. 4 Effects of ALN and TPD treatments on the bone morphology of
the femora and fifth Tumbar vertebral bodies in rats with CKD. a
Representative coronal cross-sectional views of micro-CT images of the
distal femora 4 wecks after the treatments. b Representative coronal
cross-sectional views of micro-CT images of the fifth lumbar vertebral
bodies 4 weeks after the treatments. ¢, d The quantitative micro-CT
morphometrical data of the trabecular bone and cortical bone in the
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of the sham group, Although BP showed only a tendeney to increase

biomechanical parameters, TPD caused a significant increase in the

biomechanical parameters of CKD rats, Values shown are the
mean + SD. *P < 0.05

group had significantly higher BV/TV in the distal femur but
did not have statistically significant changes in other bone
volume and structural parameters. TPD treatment exerted a
significant effect on the bone volume and structure in both
the distal femur and L5 vertebral body. The rats in the TPD

Distal femur morphometry
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distal femora and fifth lumbar vertebral bodies, respectively. The
trabecular bone parameters included volumetric bone mineral density
{vBMD)}, the trabecular bone volume fraction (BV/TV), trabecular
number (T6N), and trabecular thickness (TbTh), and the cortical bone
parameters included the cortical thickness (CtTh) and polar moment of
inertia (J). Values shown are the mean & SD. *P < 0.05
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group had significantly higher bone density (vBMD), bone
volume (BV/TV), trabecular structure (i.e., Th. Th and Tb.
M), and cortical bone structure (i.e., Ct. Th and I).

Effects of BP and TPD on bone metabolism in rats
with CKD stage 4

To better understand the drug effects on bone metabolism in
CKD rats, we performed dynamic bone histornorphonietry
using calcein-labeled undecalcified histological sections of the
distal femur (Fig. 5). Compared with the sham rats, CKD rats
did not have a significant change in B. Ar/T. Ar. ALN did not
change the B. Ar/T. Ar in histology, whereas the rats in the TPD
group had significantly increased B. Ar/T. Ar compared with
that of the rats in the vehicle group. The osteoid, which is
unmineralized bone matrix that becornes stained red-purple with
Villanueva staining, was abundant in CKD rats in the vehicle
group, suggesting high bone tumover in CKD rats, Although the
rats in the TPD group did not have 2 significant change in O. At/
B. Ar, the rats in the ALN group had significantly decreased O.
Ar/B. Ar compared with the rats in the vehicle group. Analysis
of bone fonmation and resotption parameters revealed that CKD
tended to increase bone formation (i.e., Ob. Pm/B. Pm, MAR,
and BFR/B. Pm) and significantly increased bone resorption (E.
Pm/B. Pra) compared with the values in the sham group, indi-
cating that CKI> induces high bone twnover. Compared with the
CKI rats in the vehicle group, the rats in the ALN group had
significantly decreased bone formation (i.e., Ob. Pm/B. Pm,
MAR, and BFR/B. Pm) and bone resorption (E. Pr/B. Pm).
In contrast, the rats in the TPD group had further increased bone
formation (i.e., Ob. Pm/B. Pm, MAR, and BFR/B. Pm) and
decreased bone resorption (E. Pm/B. Pm) compared with those
of the rats in the vehicle group.

Effects of BP and TPD on bone material properties in rats
with CKD stage 4

To further investigate the drug effects on bone quality, we
evaluated the material properiies of bone using FTIR imaging
(Fig. 6). CKD significantly decreased the MTMR of the center
of the cortical bone in the distal femur, which indicates a
reduction in the mineralization of cottical bone, and CKD
decreased the CTPR of both the cortical and trabecular bone
in the distal fenur, which indicates the amount of carbonate
substitution for phosphate or hydroxide in the mineral crys-
tals. The decrease in the amount of carbonate substitution in
the bone matrix indicates metabolic acidosis [18, 19]. The
ALN treatment significantly increased the MTMR of the end-
osteal and periosteal regions of cortical bene. Compared with
the rats in the vehicle group, the rats in the ALN group had a
significantly increased CTPR of both trabecular and cortical
bone, which indicates improvement of the metabolic acidosis
in the rats treated with ALN. The TPD treatmeni significantly

4 Springer

increased the MTMR. of the cortical bone. Although the TPD
treatment increased the CTPR of the trabecular bone, it did not
have a significant effect on the CTPR of the cortical bone.

Discussion

The primary aim of this study was to elucidate the efficacy and
safety of osteoporosis medications in late-stage CKD, which
has not been tested in clinical trials due to safety concerns [20,
21]. In general, dietary phosphorus restriction and calciurm
binders are used as the initial treatments of CKD-MBD in
stage 3 and 4 CKD, which were accompanied by moderately
to severely reduced kidney function [22~24], If these treat-
ments fail to decrease i-PTH levels, active vitamin D analogs
can be used as a second line of therapy 25]. Cinacalcet should
be effective but is not approved for the treatment of SHPT in
stage 3 and 4 CKD [26]. The problem is the uncertainty in the
efficacy of these treatments for fracture prevention. In con-
trast, osteoporosis medications, including BP and TPD, are
expected to be effective among patients with CKD stage 4
based on their proven effectiveness in fracture prevention for
patients with CKD stages 1-3. If osteoporosis medications
can safely be used by patients with late-stage CKD, then these
should be effective treatment options, especially for the pa-
tients who have a high risk for fragility fracture due to
coexisting illnesses, such as postmenopausal osteoporosis
and glucocorticoid-induced osteoporosis [27],

Our data suggest that BP, which is a first-line therapy (or
most osteoporosis cases [28], is safe and effective for the
treatment of osteoporosis in patients with CKD stage 4.
Although 4 weeks of treatment with ALN only showed a
tendency to have a positive impact on bone strength, FTIR
imaging and micro-CT analyses demonstrated that ALN im-
proved the material properties of cortical bone and increased
the bone volume of the distal femur in the CKD rats, We
believe that this improvement in bone quantity and quality
reduces the fracture risk in patients with CKD and that
longer-term (reatment with BP may significantly increase
bone strength. Regarding the safety of BP therapy, ALN did
not worsen renal function to any extent. In contrast,
hyperphosphatemia was improved by the ALN treatment.
Furthermore, the rats in the ALN group had significantly in-
¢reased CTPR of both trabecular and cortical bone compared
with that of the rats in the vehicle group; thus, AT N might
improve the metabolic acidosis in CKD. These results are
consistent with the findings in some clinical studies showing
that BP effectively reduces fracture risk without worsening
renal function in patients with CKD stage 4 [29, 30].

A particularly important question addressed in this study is
whether TPD therapy shows anabolic action on bone metab-
olism even under SHPT conditions. Our data demonstrated
that intermittent TPD therapy did show an anabolic action
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Fig. 5 Effects of ALN and TPD treatments on the bone metabolism in
rats with CKD, a Miero-graphs showing representative coronal sections
of the dista femora with Villanaeva bone staining. Representative bright
field micro-photographs (upper panels) and higher-magnification views
(middle panels) show that osteoids, which are shown in the red-purple
Tegion, are abundant in the rats of the vehicle group, Representative
fluorescence micro-graphs (Jower panels) of trabecular bone obtained at
5-day intervals for double labeling with calcein green show that the rats in

on systemic bone metabolism even under SHPT conditions,
Previous clinical studies reported that TPD therapy was effec-
tive for postmenopausal osteoporosis among patients with
mild or moderate renal irapairment (CKD stages 1-3) [31];
however, this is the first study to provide clear evidence of the
anabolic action of TPD therapy in CKD stage 4 and under
SHPT conditions. In addition to the remarkable increases in
bone volume, the degree of mineralization, and micro-

the vehicle group had mere bone formation than the rats in the sham
group; additionally, that TPD further promoted bone forrnation, while
ALN attenuated it. b Bone histomorphometry data, including the bone
volume of tissue volume (B. Ar/T, Ar), osteoid volume of bone volume
(0. Av/B. Ar), osteoblast surface (Ob. Pm/B. Pm), eroded surface (E. Pm/
B. Pmy), mineral apposition rate (MARY), and bone formation rate of bone
swrface (BFR/B. Pm), are shown, Bars = 100 m, Values shown are the
mean = SD. *P < 0.05

structure, the dynamic bone histomorphometric data support
this idea.

Regarding the safety of TPD therapy, the serclogic data
obtained in this study showed that TPD therapy had neither a
positive nor a negative effect on mineral metabolism as well as
renal functions in late-stage CKD. Note, however, that 4 weeks
of treatment with TPD tended to decrease serum FGF-23
levels, which may reduce phosphorus excretion, leading to
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Fig. 6 Effects of ALN and TPD treatments on the bone roatrix quality in
rats with CKD. Representative FTIR. color mapping images of MTMR
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the sham, vehicle, ALN, and TPD groups 4 weeks after the treatiments.
Comparisons of the values of MTMR (c) and CTPR (d) at the distal
metaphysis of the femur are shown. The values of MTMR and CTPR

exacerbation of hyperphosphatemia. As for the response of
FGF-23 production to intermittent TPD therapy, however, it
is inconclusive whether TPD therapy decreases serum FGF-
23 levels or not, Sridhavan M. et al. showed that FGF-23 in-
creased after infermittent TPD therapy in 27 elderly women
witl: postmenopausal osteoporosis and that there was a positive
correlation between changes in bonc formation maker
pracollagen-fype 1 N-terminal propeptide (PINP) and FGF-
23 [32}. In contrast, it was demonstrated that increased bone
formation down-regulates FGF-23 possibly through dentin ma-
trix protein 1 (DMP-1) using mouse models manifesting differ-
ing degrees of coupled and uncoupled bone turnover {33].
Furthermore, transgenic expression of DMP-1 was demonstrat-
ed to reduce FGF-23 levels and to rescue the DMP-1-null an-
imals from hypophosphatemia, suggesting that DMP-1 is likely
to act as an inhibitor of FGF-23 expression [34)].

There are several limitations of this study. First, we could not
monitor the serim levels of vitamin D {1,25-dihydroxyvitamin
D} and sclerostin, which are associated with CKD-MBD,
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were calculated separately according to the anatomical sites from the
FTIR spectrum. The measured anatomical sites included the trabecular
bone, center of the cortical bone, endosteal side of the corlical bone, and
periosteal side of the cortical bone. Values shown are the mean = SD.
*P < 0.05

because the amount of seram obtained from the living rats
was limited. Serum concentrations of vitamnin D should be de-
creased due to suppressed lo-hydroxylase activity in a 5/6
nephrectomy rat model of CKD. However, changes in serum
levels of vitamin D and sclerostin in response to BP or TPD
treatment under the condition of CKD stages 4 and 5 should be
investigated in the future study to better understand therapeutic
action of these drugs on bone in patients with late-stage CKD,
Second, the TPD dosage used in this stody corresponds to tens
or hundreds of multiples of the FDA-approved dosage of
20 pgfday for the treatment of osteoporosis. We selected the
dosage of 40-nug/kg body weight TPD per day because a larger
TPD dose is needed to observe significant effects in rodents,
possibly due to the species difference. Finally, we did not eval-
uate the heterotopic mineralization of the vasculature although
hyperphosphatemia induces it. It is of interest whether BP or
TPD affects this mineralization. Therefore, how osteoporosis
medications affect cardiovascular tissues in patients with
CKD stage 4 must be evaluated in a futwre study.
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It should be noted, however, that findings obtained in this
study can be applicable to hyperparathyroid bone disease but
not to other bone disorders induced by CKD-MBD. It is
known that various pathologic patterns of bone remodeling
are expressed in CKD including hyperparathyroid bone dis-
case (high-tumover disease), adynamic bone disease and os-
teomalacia (low-tumover bone disease), and mixed urernic
osteodystrophy (high-tumover plus 2 mineralization defect).
However, a 5/6 nephrectomy rat model used in this study does
simulate SHPT leading to high bone turnover condition but
does not simulate other bone disorders induced by CKD-
MBD. Very recently, Iwasaki et al. demonstrated that partial
nephrectomy does not develop ABD but combination of pat-
tial nephrectomy and thyroparathyroidectomy induces ABD
[35]. However, it is uncertain whether this model really
mimics ABD or not because ABD is believed to be attribut-
able to skeletal resistance to PTH and the pathogenesis of
ABD has not been fully elucidated.

In conclusion, BP is safe and effective for the treatment of
osteoporosis in stage 4 CKD rats, BP not only suppresses
bone tunover but also may improve hyperphosphatemia and
metabolic acidosis in CKD rats. Intermittent TPD therapy
showed an anabolic action on bone even under SHPT condi-
tions, thus resulting in remarkable increases in bone volume,
the degree of calcification, and micro-geometry. Despite the

excellent therapeutic efficacy of TPD in bone, the use of TPD .

in late-stage CKD might require careful attention because it
possibly exacerbates hyperphosphatemia.
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Abstract

Purpose Implant failure is a frequent complication in
corrective surgery for carly onset scoliosis, since consid-
erable forces are acting on small and fragile vertebrae.
Osseointegration showing biomechanical and histological
' improvement in bone—implant interface (BII) after dental
implant placement has been well investigated. However,

there are no studies regarding osseointegration in immature .

vertebral bone, The purpose was to evaluate the timecourse
of biomechanical and histological changes at BII after
pedicle screw placement using in vivo immature porcine
maodel.

Methods Ten immature porcine were instrumented with
. titanium pedicle screws in the thoracic spine. After a 0-, 2-,
4-, and 6-month survival periods, the spines were harvested
at the age of 12 months. Histclogical evaluation of BII was
conducted by bone volumeftissue velume (BV/TV) and
bone surface/implant surface (BS/IS) measurements. Bone
mineral density (BMD) measurement and bjomechanical
testing of BII were done. :

Results Contact surface and bone volume around the screw
threads were significantly increased over the time. BV/TV
and BS/IS were improved with statistically significant
differences between 0- and >4-month (p < 0.001) periods.
BMD in all subjects was determiined to be the same
(p = 0.350). Pullout strength was also increased over time
with significant differences between 0- and >2-month
{p < 0.011) periods.
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Conclusion Improved stability at BIl caused by osseoin-
tegration was confirmed by In vivo immature porcine
model, A two-stage operation is proposed based on the
osseointegration theory, in which an implant is installed in
advance in the vertebrae at the first stage and deformity
correction surgery is performed after sufficient stability is
obtained by osseointegration at a later stage.

Keywords Osseointegration - Eatly onset scoliosis -
Growing rod - Osteotomy - Porcine model

Introduction

Spinal instrtumentation has been developed for the purposes
of correction of spinal deformity and spinal reconstruction
after trauma, tumor resection, or degenerative conditions.
As techniques evolved, spinal instrumentation surgery has
been increasingly applied to not only adolescent but also
preadolescent patients. Instrumentation has been used in
young children after spinal osteotomy for congenital scol-
iosis, growth modulation surgery such as growing rods for
early onset scoliosis, and reduction and fusion for fracture
dislocation [l-5]. Spinal instrumentation comprises
anchors such as pedicle screws, hooks, and the others [6]
and longitudinal members such as rods and plates for rigid
fixation of the spinal column. At least two concems exist
regarding the use of instrumentation in young children and
they are (1) the considerable growth potential of the spinal
column in which implants are set [1, 7-10] and (2) the
vulnerability of the anchor sites due to small and immature
configuration of the vertebrae to which strong correction
and in vivo forces are applied [2, 3, 5, 11]. In the former
case, the typical problem is that spinal fixation by instru-
mentation surgery interferes with growth of the spinal
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colurnm in the longitadinal direction. A variety of growth
friendly treatment strategies have been developed so far
[2, 5, 12-14]. In the latter case, however, anchor dis-
lodgement with growing rods [5, 13] and instrumentation
failures during deformity correction and hemivertebra
resection for congenital scoliosis [2, 3, 11] are currently
unsolved problems.

In the arca of dental implants, a method that has been
widely used consists of a process in which a titanium implant
is inserted into the alveolar bone in advance as a foundation
of an artificial tooth, and a secondary process in which a
prosthesis is installed after the implant is mechanically sta-
bilized for a certain time period [15-18]. This method is
based on the principle of ossecintegration described by
Branemark [18]. In osseointegration, histological changes
occurring around the implant are similar to the bone healing
process following fractures. In principle, woven bone
formed at the micro-fractures around the implant is gradually
replaced by lamellar bone that matures after the process of
bone remodeling, so thatlamellar bone forms in close contact
with the titanium implant te dynamically stabilize the
implant. The osseointegration in which mechanical proper-
ties of bone—implant interface (BII) improve over time may
be expected to provide better mechanical strength at the
anchor site when comective surgery is performed in young
children with spinal deformities. However, there has been
neither basic science nor clinical study regarding the appli-
cation of osseointegration in the field of spinal surgery. The
purpose of this study was to evaluate whether the osseoin-
tegration occurs or not after standalone placement of pedicle
screws into vertebrae inn an in vivo experimental study using
an irmmature porcine model.

Methods

The study was conducted with the approval of the Animal
Experiment Committee at our institution (Experiment No.
0532). Ten male Clawn miniature pigs atages ranging from 6
to 12 months were used, because pig spine has a large sim-
ilarity with human spine in terms of geometry, material, or
biomechanical properties [19]. For each animal, the length of
the trunk (the distance between external acoustic pores and
the base of the tail) and bodyweight was measured once a
month. The bodyweight at 6 months after birth was an
average of 20.7 kg (18.5-21.7 kg) and the length of the trunk
was an average of 66.0 cm (65.0-67.0 cm).

Surgical procedures

After ensuring an adequate level of anesthesia, the thoracic
spine was subperiosteally exposed via a midline posterior
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approach. The point of insertion and trajéctory of pedicle
screws were determined with reference to the vertebral
bone specimens obtained from cubs of the same species.
Monoaxial pedicle screws made of titanium alloy (Ti-6Al-
4V, Showa Ika, Co Ltd., Toyohashi, Japan) with 3.5 mm
diameter and 20 mm length were placed at T10 through
T14. To avoid influence of screw loosening on the BIL, all
pedicle screws were placed independently in each vertebra
and not interconnected with rods. Postoperative X-rays
were taken to verify the positions of pedicle screws.

Operations were performed on three animals at the age
of 6 months, three at 8 months, two at 10 months, and two
at 12 months. The animals that had undergone surgery
between the ages of 6-10 months were fed up to the age of
12 months and then euthanized. Two animals operated on
at the age of 12 months were euthanized immediately after
surgery. The animals were divided into 6M Group for those
operated at the age of 6 months, 4M Group for those
operated at the age of 8 months, 2M Group for those
operated at the age of 10 months, and 0M Group for those
operated at the age of 12 months, denoting the time for
osseointegration prior to analysis. To standardize conditicn
of the specimens such as anatomical size and bone maturity
at the time of biomechanical testing, histological analysis,
and bone mineral density measurement, all animals were
killed at the age of 12 months.

After harvest of the thoracic spine, each vertebra was
split vertically along a line connecting the center of the
spinous process and the center of the vertebral body using
an oscillating saw. From T10 to T14, we have obtained
total of 90 vertically split specimens. Of these, 19 speci-
mens that sustained damage such as pedicle fractures and
visible breach of pedicle screws were excluded from
evaluation. Two specimens to be used for histological
investigation were selected randomly from each animal and
fixed with 10% formalin. Qther specimens were frozen at
~25 °C and stored immediately after harvest of the spine.

Biomechanical testing

The frozen specimens were defrosted to room temperature.
Using metallic rods and resin, each specimen was fastened
to a jig, such that the screws were perpendicular. The
pullout test jig was installed on the testing machine via a
universal joint, so that the pullout direction would be
always in line with the pedicle screw, The pullout test was
performed using 2 hydraulic universal tester (EHF-LBSkN-
41.A, Shimazu Co, Kyoto, Japan) at a pullout rate of 1 mm/
min with a maximum displacement of 10 mm. From the
load—displacement curves determined experimentally, the
maximum load was calculated and determined as the
pullout strength.
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Histological analysis

On the cross-sectional surface passing the longitudinal axis
of pedicle screw, a hard tissue polishing sample was pre-
pared. After cutting the specimen and embedded with
methyl methacrylate resin, the observation surface was
polished with a micro-grinding machine (MG-4000,
EXAKT GmbH, Hamburg, Germany) for mirror polishing.
The slices with 30-40 pm thickness were stained with
hematoxylinfeosin (HE) and toluidine blue (TB) stains.

Histological evaluation of BII was camried out qualita-
tively and quantitatively. Qualitative evaluation was dene
on the TB stained sample in which woven bone was deeply
stained [16]. For the quantitative evaluation of osseointe-
gration around the pedicle screws, rectangular areas
(1.0 mm x 1.1 mm) covering a valley and the adjacent
threads were selected as a region of interest (ROI). Bone
volume/tissue volurne (BV/TV) and bone surface/implant
surface (BS/IS) were measured in each ROI [16] (Fig. 1).
For measurement of BV/TV, image processing software,
Image J (NIH, MD, USA), was used, and for measurement
of BS/S, image analysis software, Win ROOF (MITANI
Co, Fukui, Japan), was used.

Measurement of bone mineral density

Five specimens with no screw placement in each animat
were selected randomly and fixed with 70% ethanol. The
bone mineral density (BMD) was measured using the
peripheral quantitative computed tomography (pQCT)
(XCT, Stratec GmbH, Pforzheim, Germany). The analyti-
cal region was an area of 4 % 6 mm in the central potion of
the vertebral body. The average bone density in this area
(mgfcm®) was determined.

Statistical analysis

For statistical analysis, ANOVA and the Tukey—Kramer
HSD test were used. The level of significance in cases with
“significant differences among the groups” was defined as
p < 0.05. On the other hand, the level of significance in
cases with “no significant differences among the groups”
was defined as p > 0.20,

Results

Operation and complications

All except two animals were euthanized immediately after
surgery survived and retumed fo normal activities. No

postoperative motor deficits occurred. One animal in 4M
Group that survived until 12 months encountered a deep
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surgical site infection and was excluded. Therefore, sub-
jects for biomechanical testing, histological analysis, and
BMD measurements constituted a total of nine animals:
two animals in OM Group, two in ZM Group, two in 4M
Group, and three in 6M Group.

Growth of experimental animals

A mean length of the munk and bodyweight at 12 months
of age was 82.8 cm (80.0-86.0) and 34.7 kg (32.8-37.0),
respectively. Length of the trunk increased an average of
25.5% and bodyweight increased 67.6% during the period
between 6 and 12 months of age.

Biomechanical testing

A total of 57 specimens were used for biomechanical
testing and details were listed in Table 1, There were no
significant differences in the transverse diameters of the
pedicles between T10 thru T12 and T13 thm T14; however,
compared to T10 thru T12, the transverse diameter of the
pedicles of T13 and T14 was significantly larger (Fig. 2).
The pullout strength increased significantly over time from
825.1 + 200.5 N in the OM Group to 2048.3 & 311.1 Nin
the 6M Group (Fig. 3). However, a mean pullout strength
at each level was similar without any significant differ-
ences (Fig. 4).

Histological analysis
Qualitative analysis

In OM Group, trabecular bone around the screw thread was
disrupted and fragmented, indicating micro-fractures
caused by screw ingertion (Fig. 5a). In 2M Group, newly
developed lamellar bone partially combined with woven
bone was observed at the BII in micro-fracture site at the
time of screw insertion (Fig. 5b). In 4M Group, the
lamellar bone volume and the contact surface between the
screw and bone were increased. Woven bone was no longer
observed (Fig. 5¢). In 6M Group, bone volume around the
screw was drastically increased and the remodeling process
was further advanced (Fig. 5d).

Quantitative analysis

Bope volume/tissue volume was 196 + 8.5% in OM
Group, 29.6 & 7.5% in ZM Group, 434 & 8.9% in 4M
Group, and 53.3 &= 12.2% in 6M Group, which increased
over time. There were significant increases of BV/TV in all
except two combinations with marginal significance (OM—
2M, p = 0.082 and 4M-6M, p = 0.078) (Figs. 6, 7). In
addition, BS/IS increased significantly at 2 months and
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Fig. 1 Histological evaluation.

a Region of interest (ROI)
(1.0 mm % 1.1 mm). b Tissue volume (TV): the area except screw
thread (vertical line). c Bone volume (BV): the area of the bone

later after screw implantation: OM Group, 6.6 =& 4.5%; 2M
Group, 5.9 X 6.6%; 4M Group, 242 & 1.7%; and 6M
Group, 43.8 £ 13.8%, respectively. There were significant
increases of BS/IS in all except the combination of QM and
2M Groups (Figs. 6, 8).

Measurement of hone mineral density

The average BMD with respect to individual animals is
shown in Table 2. With all subjects combined, BMD

(horizontal line). d Implant surface (IS): the total length of the
implant {band with vertical line). e Bone surface (BS): the length of
bone in contact with the implant (band with horizental line)

ameng the subjects in this study was determined to be the
same {p = 0.350).

Discussion

According to this study, fragmentation of the trabecular
bone due to micro-fractures caused by screw insertion was
found immediately after surgery. The fragmented trabec-
ular bone was then gradually repaired by bone remodeling.

&) Springer
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Table 1 Level and number of the specimens in the biomechanical
testing

Group level oM M 4M 6M Total
T10 3 2 3 3 1
T11 0 3 2 y 7
Ti12 1 2 4 3 10
T13 4 3 3 2 12
T4 4 4 4 5 17
Total 12 14 16 15 57

f . 1

r 1,

(mm)

Transverse

diameters
of

the pedicle

T10 T T12 T13 T14
Level (*p<0.01, Tukey's HSD}

Fig. 2 Transverse diameters of the pedicles according to level, There
were no significant differences in the transverse diameters of the
pedicles between TI10 thru T12 and T13 thmm TI4, However,
compared to T10 thru T12, the diameter of the pedicles of T13 and
TI4 was significantly larger

(N} 2800
2000
Pullout
strengh 1500 1
1000 1
500 1
g

oM 2M aM Y
{*p=0.011, #*p=0.016, +p=0.003, $p<0.001, Tukey's HSD)

Fig. 3 Comparison of the pullout strength between 0M-, 2M-, 4M-,
and 6M Groups. There were significant differences between all
combinations, The pullout strength increased over time after
implantation

@ Springer

{N) 25007

20007

Pullout 15007

strengh
g 10007

500 7

T10 ™ T12 T13 T4
Level (p>0.02, Tukey's HSD)

Fig. 4 Comparison of the pullout strength with respect to levels. The
pullout strengths with respect to levels were equal without any
significant differences

Mechanical properties of the woven bone with iegularly
aligned collagen fibers were inferior to those of lamellar
bone [20, 21]. At 2 months postoperatively, when woven
bone was still present at the BII, bone volume around the
implant increased but the pulleut strength of the screws
was not strong encugh. In_the later phases, the pullout
strength improved over time, because there was an increase
of bone volume with rich lamellar bone contents and
expansion of the contact surface between the implant and
the host bone. A. typical feature of osseointegration that
was observed with dental implants [15-18] was reproduced
in the immature vertebral bone in this study.

Since histological and biomechanical studies were per-
formed at the same age among the animals and all had the
same bone mineral density, differences found in the
mechanical stability at the BII would be directly dependent
on the bone morphology around the implants. The same
results were previously demonstrated in experimental study
using implants in long bones of adult animals. Wu et al.
[22] demonstrated that pullout strength of titanium screws
which were placed in the tibia increased over time in their
in vivo study using rats, Furthermore, Branemark et al. [23]
reported that when titanium screws were inserted into the
tibia In rats, the bone volume in contact with the screw
increased over time from ( to 16 weeks. According to an
in vivo study by Grizon et al. {24], when a titanium screw
was placed into the femur in sheep at 5-6 years of age, the
bone volume around the implants tended to increase over
time for 3-18 months postoperatively.

Since patients needing dental implant treatments are
typically elderly who have lost teeth, basic science and
clinical studies have been conducted predominantly in
adults and little has been reported for pediatrics before
adolescence. The rate of bodyweight gain of mini-pigs used
in this study from 6 to 12 months of age was 68%, and the
increase rate in body length was 26%. Humans from 12 to
17 years (middle-to-late adolescence) have a rate of
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Fig. 5 Qualitative analysis of bone-implant interface (TB staining).
a OM Group: the trabecular bone around the screw thread was
disrupted and fragmented, indicating micro-fractures caused by screw
insertion. b 2M Group: newly developed lamellar bone partially
combined with immature woven bone (arrows) was observed at the
BII, where fragmented trabecular bone had been observed around the

bodyweight gain of 41% in males and 21% in females, and
their sitting height increases by 12% in males and 4% in
females. In contrast, humans from 6 to 11 years (before
adolescence-to-early adolescence) experience bodyweight
gain of 77% in males and 89% in females, and sitting
height increases by 19% in males and 23% in females [25].
Based on the data above, the mini-pigs used in this study
can be considered approximately comparable to the pedi-
atric period before adolescence in humans. Thus, this study
demenstrated that osseointegration occurs in the same way
during the pediatric period before adolescence, and con-
tributes to improved mechanical stability of implants.

It has been pointed out that in spinal deformity correc-
tion surgery for preadolescent children, huge correction
forces that are loaded onto anchors such as pedicle screws
installed in small, fragile vertebrae can result in anchor site
failure during surgery or early in the postoperative period
[2, 3, 5, 11, 13]. Whereas, deformity correction with
insufficient cerrection forces to prevent such complications
leads to unsatisfactory clinical results [2, 3, 5, 11, 13]. To
avoid these problems, a two-stage operation is proposed
based on the osseointegration theory, in which an implant
is installed in advance in the vertebrae at the first stage and

._82._

screw threads at the time of screw insertion. ¢ 4M Group: the amount
of newly developed lamellar bone increased and the contact surface
between the screw and the bone also increased, Woven bone was no
longer observed at this stage. d 6M Group: bone volume around the
screw was drastically increased and the remodeling process was more
advanced

deformity correction surgery is performed after sufficient
stability is obtained by osseointegration at a later stage.
The merits of such an approach would be that sufficient
correction forces can be applied and postoperative bracing
can also be avoided. According to Ranade et al., pedicle
screws are more suitable for anchors of growing rod con-
structs than hocks which can frequently dislodge [1].
However, unlike a hook, a pedicle screw has the potential
risk of spinal cord injury due to its dislodgement. The risk
of spinal cord injury can be reduced when a two-stage
operation based on the osseointegration theory is carried
out for growing rod constructs using pedicle  screws.
Pedicle screws are generally used as anchors in hemiver-
tebra resection or vertebral column resection for pediatric
patients with congenital scoliosis. Hedequist et al. pointed
out that pedicle screws placed in the small and fragile
vertebrae in young children cannot tolerate considerable
forces applied during deformity correction [11). In such
situations, a two-stage operation employing the osseointe-
gration theory has great advantages in prevention of peri-
operative anchor failure. There is some concern, but
controversy, over pedicle screws violate the neurocentral
synchondrosis which may result in developmental spinal
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*

** T I
(%) 70- f [H 1] |
svrv
50 -
40-
30-

oM 2M 4M 6M
{*p<D.001, *p=0.082, +p=0.020, +p=0.078, ANOVA)

Fig. 7 Comparison of BV/TV between OM-, 2M-, 4M-, and 6M
Groups. BV/TV increased over time. Although the differences barely
reached significant levels between the OM Group and the 2M Group
(p = 0.082) and the 4M Group and the 6M Group (p = 0.078), a
trend of increased bone volume over ime was observed and there
were significant increases in all other combinations

canal stenosis [1-3, 9]. Another issue of concern is that, in
pediatric patients, autofusion can occur at the surgical site,
where subperiosteal exposure is performed for screw

2} Springer
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(*p=<0.001, **p=0.001, +N.S., Tukey's HSD)

Fig. 8 Comparison of BSAS between OM-, 2M-, 4M-, and 6M
Groups. BS/IS increased significantly at 2 months and thereafter after
screw implantation

placement as a first-stage procedure of two-stage corrective
surgery. The autofusion may adversely affect the corrective
surgery itself. To prevent this, percutanecus screw place-
ment with or without navigation that avoids subperiosteal
exposure may be considered.
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Table 2 Average bone mineral g, 0M-1 OM-2 2M-I 2M-2 4M-1  4aM2  6M-1  6M-2  6M-3
ficn‘sn.ty (BMI?) with respect to BMD (mg {cmz)
individual animals
OM-1 - 1.000 0350 0.696 0808 0930 0587 0954  0.999
348.3
0M-2 - 0391 0696 0796 0924 0630 0946 0997
3512
IM-1 - 0997 1.000 0540 0999 0916 0773
3130
M2 - 1000 1000 1000 0999 0978
324.5
aM-1 - 0999 1000 0999 0983
3211
M2 - 0999 1000  1.000
3317
6M-1 - 0997 0959
3229
6M-2 - 1.000
3329
6M-3 -
3389

With all subjects combined, the p value was 0.350 or greater, so that the bone density among the subjects in
the present study was determined to be the same

Study limitations

In the present study, both csteogenesis around the implant
and mechanical stability of the implant continuously
increased while under observation for a period of
6 months, but we could not determine at which point a
platean would be achieved. Verification of the plateau
point would require a more extended screw retention per-
jod. In addition, considering differences in bone remodel-
ing and strength between species, we think that an
investigation based on clinical observation in humans is
necessary prior to recommending an appropriate time
interval between the anchor installation and the deformity
correction surgery.

Baseline conditions of animals at the time of surgery
were not standardized for the purpose of performing
biomechanical testing, histological analysis, and BMD
measurement at a same age. This limitation may influence
the biological course of ossecintegration in the animals
with growing age.

Conclusion

Improved stability at the BII caused by osscointegration
was confirmed by in vivo immatare porcine model
assumed comparable to pediatric humans undergoing rapid
growth. Placement of pedicle screws in advance in small
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and fragile vertebrae can be effective in preventing implant
failure in corrective surgery for young children with spinal
deformities.
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Background: Hybrid constructs have been widely used to surgically correct thoracic adolescent idiopathic
scoliosis (AIS), To enhance the correction obtained with hybrid constructs, we perform concave rib head
resection and convex costovertebral release as posterior release procedures. The objective of the study
was to evaluate coronal and sagittal curve correction in patients with adolescent idiopathic scoliosis (AIS)
treated with hybrid constructs combined with concave rib head resection and convex transverse process
resection as posterior release procedures.
Methods: The records of 24 patients with Lenke type 1 or 2 AlS treated with hybrid constructs combined
with posterior release procedures were retrospectively reviewed. The mean age at surgery was 143
years. The mean follow-up pericd was 33.0 months (range, 24—60 months). Radiographs were evaluated
before surgery, immediately postoperatively, and at latest follow-up.
Results: The average preoperative Cobb angle of the main thoracie (MT) curve was 58.1 + 12.6° (range, 45
—88°). The MT curve was corrected to 12.8 4 9.0° (range, 0-38°) immediately after surgery. At the latest
follow-up, the average Cobb angle was 13.6 + 9.9¢ {range, 0—44°; correction, 77.5 + 14,0%), The average
loss of coronal correction was 0.8°, The average preoperative {lexibility of the MT curve was 54.6 = 17.4%.
The average Cincinnati correction index was 1.53 + 0.48 at the latest follow-up. The average preoperative
thoracic kyphosis (TK) was 13.7 + 12.0° (range, ~12—34°). Immediately after surgery, TK was corrected to
18.6 + 5.9° (range, 10—29°). At the latest follow-up, TK measured 18.1 + 6.5° (range, 6—32°).
Conclusions: Hybrid instrumentation combined with concave rib head resection and convex transverse
process resection as posterior release procedures achieved satisfactory corenal and sagittal curve
carrection with little loss of correction at 2-year follow-up.

@ 2017 The Japanese Orthopaedic Association, Published by Elsevier BV, All rights reserved.

1. Introduction

Sublaminar wiring as segmental spinal instrumentation has
been widely used in the surgical correction of spinal deformity
since the development of the technique by Luque in the 1980s [1].
Hybrid constructs for the treatment of scoliosis, such as ISOLA
instrumentation, include sublaminar wires, hooks and pedicle
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screws (PS) as segmental instrumentation [2]. The mechanism of
correction using hybrid constructs is the sequential tightening of
mutisegmentally placed sublaminar wires fastened to a rod con-
toured to the ideal shape of the thoracic spine. Meanwhile,
segmental PS constructs have been widely used in recent years in
surgery for thoracic adolescent idiepathic scoliosis (AlS). There are
several reports that segmental PS constructs provide better coronal
correction than hybrid constructs [3—6).

We use hybrid constructs as our preferred method for the
correction of thoracic AlS at our institution. To enhance the
correction obtained with hybrid constructs, we routinely perform
concave rib head resection (CRR) and convex costovertebral release
for radical posterior release. The CRR includes releasing the radiate
ligament on the apical portion of the concave side, which connects
the rib head to both the upper and lower thoracic vertebrae, The

0949-2658/% 2017 The Japanese Orthopaedic Assodation. Published by Elsevier B.V. All rights reserved.
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purpose of this study was to evaluate coronal and sagittal curve
correction in patients with AIS treated with hybrid constructs in
conjunction with CRR as a posterior release procedure.

2. Materials and methods
2.1. Patients

We retrospectively reviewed the records of 24 patients (20 fe-
males, four males) with Lenke type 1 or 2 AIS who underwent
posterior selective thoracic fusion at our institution between 2008
and 2011. A minimum 2-year follow-up was required for inclusion
in the study. The mean patient age at surgery was 14.3 years (range,
12—17 years). Patients were radiographically evaluated before
surgery, immediately after surgery and at the latest follow-up.

2.2. Surgical procedures

All patients underwent surgery with hybrid constructs com-
bined with CRR. The CRR was performed as a posterior release
procedure on three to five ribs around the apical vertebra on the
concave side, After exposure of the proximal portion of the ribs to
be released, the transverse process was resected and the rib
removed approximately 3 cm lateral to the tip of the transverse
process, The ventral side of the proximal rib was exposed sub-
periosteally. The radiate ligament, which connects the rib head to
both the upper and lower thoracic vertebrae, was loosened to
allow full manipulation of the costovertebral joint, The resected rib
heads and transverse processes were then used as bone grafts.
Additionally, the transverse processes were resected from the
vertebrae around the apex of the convex side, except for the
transverse process of the apical vertebra, on which the transverse
hook was placed. A Cobb elevator was inserted into the costo-
vertebral joint and pushed laterally to release the radiate ligament
on the convex side.

As for hybrid constructs, conventional transverse process and
pedicle hook-claw constructs were used as proximal anchors and
apex anchors on the convex side, Pedicle screws were used as distal
anchors. Ultra-high molecular weight polyethylene (UHMWPE)
cables were used as a sublaminar anchoring device. Sublaminar
cables were multisegmentally placed on the concave side of the
main thoracic curve.

The correction, maneuver was a combination of cantilever,
translational force through sublaminar cables and in-situ contour-
ing technique. We typically used a titanium alloy rod 6.0 mm in
diameter.

The fusion area was selected based on whole-spine erect
posteroanterior (PA), supine side-bending and traction radio-
graphs. For patients with Lenke 2 curves, the proximal thoracic
curves were included in the fusion area. For those with Lenke 1
curves, the proximal thoracic curves were not included in the
fusion area. For patients with lumbar modifier A pattern, the lower
instrumented vertebra was selected as the stable vertebra ac-
cording to traction radiographs, which was one or two levels
proximal to the stable vertebra according to erect PA radiographs.
For patients with lumbar modifier B or C pattern, the lower
instrumented vertebra was selected as the stable vertebra ac-
cording to erect PA radiographs.

2.3, Radiographic evaluation

Preoperative radiographic evaluation included whole-spine
erect, erect lateral, and supine side-bending radiographs. Cobb an-
gles of the proximal thoracic, main thoracic (MT) and thor-
acolumbar/lumbar curves were measured from erect PAradiographs

*as coronal parameters, Flexibility of the curves was evaluated on the

side-bending radiographs. TK, defined as T5-T12 kyphosis, was
measured on erect lateral radiographs. Postoperative radiographic
evaluation included erect PA and lateral radiographs. The proximal
thoracic, MT, and thoracolumbarflumbar curves and TK were also
measured on the postoperative radiographs.

As described by Vora et al, [7], the following ratios were
determined:

Preoperative flexibility (%) = |(Preoperative erect Cobb
angle — Supine bending Cobb angle)/Preaperative erect Cobb
angle] * 100,

Postoperative correction (%) = {{Preoperative erect Cobb
angle - Postoperative erect Cobb angle)/Preoperative erect Cobb
angle] * 100,

Cincinnati Correction Index = Postoperative correction %f
Preoperative flexibility %

24. Statistical analysis

A paired t-test was used to assess differences between the
magnitude of the curves at preoperative examination and at latest
follow-up. Statistical significance was defined as P < 0,05.

This study has been approved by the ethics committee of our
institution (approval number 28082).

3. Results

The mean follow-up period was 33.0 months (range, 24—60
months). The average preoperative Cobb angle of the MT curve was
58.1° {range, 45—88°). The MT curve was corrected to 12.8° (range,
0—38°)immediately after surgery. At the latest follow-up, the mean
Cobb angle was 13.6° (range, 0—44°) and the average final correc-
tion percentage was 77.5% (range, 44—-100%) (Fig. 1). The average
loss of coronal correction was 0.8° (range, —2—6°). Changes in

. coronal parameters are shown in Table 1. The mean preoperative

flexibility of the MT curve was 54.6% (range, 24—91%). The mean
Cincinnati Correction Index was 1.53 (range, 1.03—3.16) at the latest
follow-up,

The average preoperative TK was 13.7° (range, -12—34°).
Immediately after surgery, TK had increased to 18.6° (range,
10—29°), At the latest follow-up, TK measured 18.1° {range, 6—32°)
(Fig. 2).

The average operative time was 3241 min (range, 228—
414 min). The average intraoperative blood loss was 739.9 mL
(range, 2071687 mL). One patient had pleural injury related to
CRR and underwent pleural repair with the use of a polyglycolic
acid sheet and fibrin glue; chest tube placement was not required.
Three patients had slight pleural effusion on the concave side but
none required chest tube placement, There were no other intra-
operative or perioperative complications, including neurological
complications, implant breakage or laminar fractures,

4. Discussion

The development of Cotrel-Dubecusset multisegmental instru~
mentation enabled not only coronal correction but also sagittal
plane correction of spinal deformity [8]. The instrumentation
solved the problem of “jatrogenic flatback” seen with the use of
Harrington instrumentation. The hybrid construct is a segmental
instrumentation technique using sublaminar wires, pedicle screws
and hooks. Multisegmentally placed sublaminar wires generate

_.87._.



T. Namikawa et el. f jounal of Orthopaedic Science 22 (2017) 415-419 417

Fig. ). Preoperative and 3-year follow up postero-anterior radiograph of a 14 years old girl with AlS, Lenke type 2A~, T6-12 main thoracic curve was corrected from 70 to 7° (90%
correction). Six sublaminar UHMWPE cables were used from Th6 toTh11 laminae. CRR was undergone from Left 8th te 10th ribs, and right transverse process resection with costo-

vertebral joint release was undergone Th8 and 9 vertebrae.

Table 1
Summary of the pre- and postoperative radiographic parameters.

Preoperative Immediately postop. Latest follow-up P-value (Preop. vs Latest ffu)

Main thoracic curve (°) 581 + 126 128 + 9.0 13.6 £ 99 <0.0001

Preoperative flexibility (%) 546 %174 nfa nfa nfa

Postoperative correction (%) nfa 788 % 12.7 7352140 nfa

Cincinnati correction index nfa 157 £ 0.50 1.53 = 0.48 nfa

Praximal thoracic curve () 31697 169 +9.1 164 + 9.6 <0.0001
‘Thoracolumbarflumbar curve (°) 315+92 88%7.1 79+491 <0.0001

‘Thoracic kyphaosis {°) 1374120 186+ 59 18.1 £ 65 0.02

posterior and medial translational force on the spine, ensuring both
coronal and sagittal correction of the spinal deformnity.

In this study we used hybrid constructs for the surgical correc-
tion of scoliosis with modifications for better correction of coronal
and sagittal deformity. First, we used 5-mm-wide UHMWPE cables
as sublaminar anchorage devices. This reduces the risk of laminar
fracture during deformity correction because the width of the

_88_

UHMWPE cables is larger than that of stainless steel wires. The
increased width enables greater translational force to be applied to
the Jamina [9}. Second, we performed CRR and convex costoverte-
bral joint release to enhance the flexibility of the deformity. El Masry
et al. reported that concave rib osteotomy was a safe and reliable
alternative to anterior release in posterior surgery of severe and
rigid curves in patients with AlS [16}. Our method includes not only
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Fig. 2, Preoperative and 3-year follow up lateral radiograph of a same patient with Fig. 1. Thoracic kyphosis was improved from =5 to +16° after surgery.

concave rib osteatomy but also rib head resection with costoverte-
bral joint manipulation. This combination results in costotransverse
ligament resection and costovertebral ligament (radiate ligament)
release. Yao et al. reported that costotransverse ligament and cost-
overtebral joint release resulted in decreased force required for axial
rotation and lateral bending in a cadaveric biomechanical study [11].
Their results suggest that release of those ligaments in posterior
scoliosis surgery would contribute to better curve correction. An
additional benefit was that the resected rib heads were used as bone
graft, which helped to avoid bone graft procurement from the ilium.
In this study, there was no patient in whom iliac bone harvesting
was necessary. However, CRR is associated with some risk of pul-
monary complications, such as pleural injury, which sometimes

..89_

requires chest tube placement for hemothorax. However, in our
experience, chest tube placement is not necessary if pleural injuries
are repaired with a polyglycolic acid sheet and fibrin glue.

Since Suk's report [12] of thoracic pedicle screws as segmental
anchors for deformity correction, many surgeons have become
interested in segmental PS constructs. Some authors have reported
that pedicle screws, which are theoretically the strongest anchors
for correction, provide a better correction rate and less loss of curve
correction than other methods [3—6). Although several reports
have described the advantages of hybrid constructs in maintaining
thoracic kyphosis compared with segmental PS constructs
[4,6,213], the use of hybrid constructs for scoliosis surgery is
currently viewed as outdated.
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In this study, average MT curve correction was 77.5% with hybrid
constructs with CRR as a posterior release procedure, The sagittal
thoracic alignment was corrected from 13.7° preoperatively to 18.6°
postoperatively, and maintained at 18.1° at latest follow-up. MT
curve correction is reported to be 54.0—63.0% with the use of con-
ventional hybrid constructs {2,3,6,9,13] and 63—79.6% with the use of
segmental PS constructs [3,4,6,12—17]. Our results suggest that
hybrid constructs combined with posterior release procedures are
not only better than conventional hybrid constructs but comparable
to segmental PS constructs in coronal curve correction. Thus, hybrid
constructs remain a useful option for the surgical correction of
scoliosis when combined with posterior release procedures. We
emphasize that hybrid constructs avoid the potential risks of thoracic
pedicle screws, including neurological and vascular complications.

In conclusion, hybrid constructs combined with posterior
release procedures including CRR and convex costovertebral
release achieved satisfactory coronal aznd sagittal curve correction
with little Joss of correction at minimum 2-year follow-up. The
coronal curve correction obtained with hybrid constructs with
posterior release procedures was better than that obtained with
conventional hybrid constructs alone,
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* Ttare YUGE, W, #BE

* Osamu KAWANO, H, #E

*1 Takeshi MAEDA, F), R

*5 Takayoshi. UETA, [il, ElE

*® Keiichiro SHIBA, [, &
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EL, # 2,600 PlOFRIRIGRF OB ICHEDL D,
Be bl e T CEAY, EE, BEEHICH
T HEHEN: (A M A R, ARG
ENT X D MEEERIE O R S R S, Al
RO EZEIY LT,

AT, RIS TERHE - FRERSIC 7 4 —
AA%HT, [FHMEEFHE - FIRBER D HF
ROEALS (L RBRKIC B 5 FiREEsRkE
B L BRI 7 — & X — A TR R, 2. K
B COFHERFICBIT 2 5 0HEMTE R 3. 4
S EHFET DR, (B >wT (L %
Yy —IIBIT AT - FHRGREORLS X
UF 2. International Standards for Neurological
Classification of Spinal Cord Injury ISNCSCI)
& LT American Spinal Injury Association
(ASIA) Impairment Scale(AIS) ) O# 2 & k<5
kT, HREREICH B B iSRS
fi) 2D V> T L 72 (BHEEBHE, /34 = — 77—
g EEORDORMBBEICHE L TIE, EEHL LR
BAHTEY, BEUME T—HHE L),

=
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xR 1. FEMAROEERE

o=

SR - EHREENVECERORL

1. EBRARICH I EHBEEFHEERS L
DURERIBET — A N—ARBIiHER

I % &, 2006 4%k v & — IS HE R AR
BAREMAIEREREL, RERTONHEERIR
Mo 2 EEMAEERBLAYY, £1ik, &
= 4 R AE (1990~1992 4F), WM HARLE
(2005 4E, 2013 4E). EEWEMAERA Q012 $) %
WL 0THA"Y. AOoEmRbELRIC
v, HRFRREBEOTHNTERS LA
T BERICH o 72 (REPAEER 48.6 5 ¢
2013 fE I L BN 4SS 39 4E 1B 63.1 %), YilRH
BSESBEDOTEHE L2 WHEBERE (VbW
AIEBEIERHBE OB 56.7% T, TOHF
RREEBRIZTOBRE2 Y — 2 & Li—igik s
¥— %R L, Frankel C(41.0%), D(51.3%)®
REFFHEAALEE BT E5IHEERE
PERRG B RO B R LOWEE, 18.5%
(2005 £E) 7+ & 30.6% (2013 E) N EFEL R EB W
THML Twnis.

alb [ 1 Ankylositg spinal disorders % 5
B
78 %%, Btk ASHEER. OPLL XL
THES AT
HEE < ST HGL Mign &b Y
a : C6/7 HeRAR L~ CO B
b : T7/8 HEMIR L~ TR

YR A R R DR E LS X B
%, YR AR Lo IEB SR G RE o
FATo 7z, HERICRGE SRS B BHR
B OELERIT 68 T, TORERAE,
C3/4 HEMML L~V =63.8%, C4/5 HER4R L~V
=21.3%. C5/6 HERFIM L ~Nn=12.8%, C6/7 %t
B L~V =2.1%Tho7z. shbnZkky,
RS BUENREEE DS b, WEE C3/4
HEMAR L X COIEF HESRRT WG b
LW TR ER.

WWT, HRICBIT 2 70 B LOFRAMEF
TR OWTFEN LT 2 72 70 R LOFHE
SUBFATHE PR, 38 9(1981~1990 4E) 2 & 224
7 (2006~2015 SE) ~ L BN LTz, 05
LT, ECEEHERIR, MEEL AL TOEEE
fiE %4 HEAE T B & USRE M AHE 22 (AS), UF
T ARG B A AE (DISH), Heliias & (L
(OPLL) % & @ ankylosing spinal disorders % %
3 EHBIROEAIEIMLTHA(E ). T/
RS OFEFIIEANNAHENE L, ZOEHD
HAE R SERATFE L

MB Orthop Vol.30 No.10 2017 85

-121-



2. RETCOTEERCBIZAHETEER

2007 48, REICBIT B2 EEAREE 7 — 7 X
R F TSRS A AR O FHER
3, AR ROBRE RS E SN,
OME L L, BEHEESEENE, SRR
HE10.5%, ABHEEE0.M%EDICEDS
WIHIETH o7 SHiC, THPMCBITARD
FIEA BN SHER, WMERSHETH- L
(F:220.67%). F/lz, EWICE B MATHRT
i, 20~ BOBLHOSIERAER2.21%, A
BRrRFETTEE 0.03% SR L, 7ML LOBEHRO
E PSSR 12,1%, AIRHIETR1.33% CTh o
T (SPHEFS R OTREF v X1k 1 4,1, ABH3E
THOWES v X 18.6),

3. BRPHEETRTIMARR

2011 4, IRMOLRBRWIRIZ L 5, FHREGH
ZUBT BEER L EORFENCHT 2T ET
MM REOHERIPEEINALY, oIS
RS 1 EORTIEIESOTHETIE,
ZIEEAERD, S 15 B DN O L3 $HiR O mo-
tor score, light touch sensory, S1 ##® motor
score, light touch sensory @52 TCH oz, EH
W2 B BT, 65 MM LoFREIRAEETIC
BB HTHIBESL, 4B TOREHR LT
BL, BAZENERCEL o LiL, ToOn
HIEBWT, SZH 72 Re AP Wiy 0150
DT BAR 19% A XY, SIEHREN
DOFHEFIZE U TIEERICE . T,

—%, e b HRENEHEEHNT B 2D,
2005 4, Sty ¥ —CBWTHMBET— 5 R—
AL BT A DF— I R—ABROER
T, ZH8 72 BEEIC BT A F BT, 4 80%
DIERTWETH o7, BFE U BITBITS
FETFIMOREEE 00% & Hi$5 &, K EEc
Hol. chbDOZLid, ZHEHREPOMESN
FHOHESERLTCwE EZ L HR5,

BEILDOVWT

BB ZE L, boEBE LR Ik - FEHIE
HoERFH IS R aNEORTE Iz gD
B, ATOHNERETHL. BINPOBHERITH
7z o Tid, Japan Advanced Trauma Evaluation
and Care (JATEC) O 324 2 SMED MR #R 7 4
FI4 2o TS T &8 Lw (3,
EHICRLTLEDOENTVENA FFA4 Vv ETH
BIHE/2W)., 4 ¥F 4 7Tk first survey &
LT, A: ZOERFE - Mt & HHeEE, B ST
i, C: RO 24Ty, @B IREDEEL
L7z#ic, D: iRz I s L 8T
b,

—5C, IR RGO B o
L REOZEG(A « SOHEFM  REIE, KE
SHESN, B FROEE  FPGRRIE, C R
AL MR EME Y 3 v 7 (neurogenic shock © %
BNEOWTETAICEE, BREITHINETHE.

AR, EEAETR (RIS, RIS,
PR (R, SERER) » ok b, IR
HHE QW = = — o > IR & O LAER oM
AIZFEEL, RIZRAEOHII = —1 > idp
B IR OTI 2 S & UM EET 5 (A
2-a). —7%, WUERNERIE, ERBER(ETE)
LT, BE(RMOSARBEL SR,
SLFF B H (R OML - W), WEMARE
(U ORARMERE), E2EHR(FFREL
T, FMER AR (R g oM E), W
B RE R (R R o MBLE AL O i) 553
A(E2-b). IThezETT LS REIG
Hsh, M%E MEEE IBEOIEHTHH LTy B (L
BEIROMEENE D ST RITTB).

1. FEr2—CHir2EH - SHIRESZRO

ik

UBROBEOHHIE, EMW, FEm, Y
AV 9 TDF—ATHELRTIZLTHB. Zh
), BEODREONZBENTEZEDEE
HRE2F—LTHREL, BAOFENEZ T

86 MB Orthiop Vol.30 No.10 2017

-122-



J- ~
=
(2
ot e —
<1 £ =
&%) :
o8 E
25
] . :
n
n — ., SRR
n oy T, (EIEEdEE)
" q o
b
I -
n : ’
o 7 — 11
n .
¥
™
[t
u
1] !g
“ |
. .
o
o
E L
-
"
———n AT, m—— RERE O REWR

yHAIH R PR
HIH BAAR PR R

Pt
MEN WA

(EITEE) e
2EEX  MEN
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a 2.
b a : BHaEE% (ASIA e-learning 4 b & 3%)
b EMEfEEA (ASIA e-learning 4 b & DEE)

FTCLREDICA AT, BHFTHIENTES, LahiEssiy, TR BRIBETIHEF
MESMHRE L AI1CH7 Y, (DEHOEEH B EERSNAEREGEMNE LT, SKETO
i, (2) FEEOMBTE T OBIBIE (ELMIAITR R FHABESROMNE BT (H 3 Y
SRS, BEMERE L UHAER TR BCHALTOAHEFYy— b THB).

M D) & AHET LSEEES % 5 e, BB

ZFhOARRICED L S 2t RIZTreHE
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B3 #Eftyy—THVWTLLIHIESENTFv— b

ﬂﬁu?wﬁﬁw FROERT & B A2 B
fORETH A2 LTICBVTH . HEiE
BBoHE, SEHIE « E, KRERaw
Foil, OHEC BT, S ET, I K
ThEom@htks =y 22 B35 MLEL
WS A (R 2-a). KEZDWITLEL TS
728, BOWR R EERTalo b SRENRY 2
#BRL, BEERICZAZELDL 0D, HEEE
BE5.

ﬁﬁﬂ@ﬁﬁ% WML L o & e
2, FEREMT N R N IPRIRETS B, CY
Y oA T, SRR (C3-5 iz
5 5). ThEE, MimspEs s s (EREEO
LR, Cs U ToHMIEG Y, iy, MEHd
Midzah s, WEEOIE , BRHRG CRRBISR
A TRE LW OTEI D D, PR DR
EREUHTH L TROPENEEE 2 Y, B

Mieige s L3 { b, Hhaid, HPRIRE
OFHD 2, WA ARAEITMZ, HHEB LA
EhA—F—2Hv, BHAGEEZHNELTYS
(B 4-a). BNHFiHER500ml LT OEME, &
%, Ak ESEAL, 2 BRI 4 (Pa02=60
Torr, PaC02=45 Torr) 2L, KEYWHZITH
WHEED R b, 612, AIS=A OIEFTII,
LEDHEIX 4% T TLET 5 (A 4-b).
Z &, BHEOFAIPLBEREMCBWT, B
PEOTTu—FERRTLIRELERELS
(MFH7 7 a—F%AvEiEERs, PLRE
PIEAL L7 CREWH AT 2856, ST
T, MBIEELAERT 57%&%%%)
BRI BRI R T, BEshde, MRk (AR
BENBERZTY. PEMBEREERITATH-
T, BERPCEBRNEL LT ETHEMLFE
f%.%@;%&ﬁ%fﬁ.f%ﬂ@ﬂ ﬁ?&
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H 4.

a WEROFMGE : HHELAY
OA—%— H:iHBLAa X~
& — R DIZRE)

b REURHOYRAZETF

HEUNBNER0.0% NERNE%  MEYIHIE4% SELIIES0%%

5 HERTE Ik S500m!

B LIMIEsa%

5. HERBIREER B

alb
774, B S0cm O & DEEEM. MR, C4/5 MR Y
a»f@ﬁﬁ@% e a I ERAEIEAL
: MR angiography (2 CHE IR AR R
b MRI diffusion T4 < LR O/NREZES b

Cramicls, HERERT) (R, HY 2 ChDH. REMRELCBNTERADSEAANR
MRI, J3EE MRA ZEMT 42 E:i)*%f-b\ 1[F 5). 2l L RENGBEREOLAVERBELY
Whecik, PR, HBODER, BEET-K W), F/=, spinal shock(f4R) DEFEFER SHHIZ
S—ILFBERDOET, &0E%E ﬁﬂﬂ*%ﬁﬂ@lﬁﬁb: B, BEEZ{ToTHVAS,
FoTwB(WTFhOBEEIILTIRMIALTT et iRAT L, MR (BEE A, light touch) B &

BHELBEVWES, LPLEELBERZITIN
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U‘?‘ﬁ'i # RABH % 45, pin prick dull discrimina-
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ATPIBZR D /C K DR

SHTPIRERIBDE

FAsErams -
PR DEE

AIPERIEI OISR

a
b

X 6.

a © Anal wink. Spinal shock ZHEBE L 7=
T EERTHEEST

b+ R 4 B4 (bulbocavernous re-
flex : BCR). Spinalshock ZEEB L7
#, B UDICHENL FEE

tion : N O i¥G & 4l DX FIATD { ») DL
4z, SRR, IR &R RRE, ACIEE (BHALOEE,
BT DRl 2 ST TB Y, LB, R
EIBINL T 5, MW, EEH UL,
ougss, PeskFlaehs, =AM, LETHEM, FR
iy, M=, FHMLG, R, fRm,

BHRIRIG, NEERE, B, TR (5,
P, BRNEsES. ARMEE, TIR
T, SEEG, RN, BEER - €I A,

JEREIRE) & MMTO~5 @ 6 R CHMLTW
A, FOHE, LBMTBUGRERE, B R,
FHTHGREST, RSB, 7% L ARG
WL, WO OFREETML TS, LM
%ﬁ@ﬁmﬂﬁﬁéﬁﬁ#$ﬁﬁﬁﬁ®ﬂWK%
‘?'r“:l‘friiﬁ%’é;ﬁa“?‘% (fil§4 518 - sacral sparing, k).
I, IFEROME, MERHITS. HE

DFHRRZ. anal wink (B 6~a) 7 6 % fifg 72
5, BWT, HAORBERZOIIMICIFAL,
NP ~DIF AR, anal tone, NLIFHERIEOEEERIX
7 (voluntary anal contracture : VAC), deep anal
pressure : DAP(#R), R4S (bulboca-
veinous reflex : BCR : [ 6~b), HKIWEZACF»
& DIRFEKEE TS 5.

1) #H#2FEES 3 v 47 (neurogenic shock)

LRy Y B oFHBgIc LY a v 2,
Z O AR B AR S (GO R ER T IC
3 BRI RB ORI k- T &R
ENRBEMEBICE ZMEGAREEEY 3y
# (distributive shock) lo K& h b, FDIEIR
2, BUECH2rboTHRIREEL, HECKH
OEMBIZR» L, ERLTwA. FEIcES
Yav 2 ThHbOT, FOEWEIS, it
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Yavy(RIE, EHIE MEEEORR)ZEE
THIENEETHA.

2) EHEZ 3 v (spinal shock)

Spinal shock ZB$ WL ERIZ S NTBS
¥, WEB & RN ERIERERROR LS
D, —HEmIC, FHY 3 v 2 GENMRGE S
ok B, EESMULTOTRTOFMEY (3
B S, BRSO R LR E 2
BRTwA, Tz, BEITMRE Rk
2L, HELLEMERAE, FHLCEEL, &
BIEIMICRITT S, Bl v & — TS84 72 10
BiZB VT, BCR:64%, anal wink :27%. PTR:
10% D& TRDI. B4 L, spinal shock % HE
WA HBHCII LDICHRTAREEBCROZ E
KL, ZORSHHAORMAE T E, HEo0
UENRAVEHEIICHLEFHEZTwD —F,
plantar response 25 USDICHBT ARG CH 5
EOWEDLFRT D, wiIhogeicek, B
B4 % 2% 42 v spinal shock A OFIESEAYEFNIX
JERICEETCHHZLEHMLL) AT, Bt
TIRETHB.

3) MFERR (sacral sparing)

BMoZE L, i bo LT, ME~O T4
HIEHMOBRAIZETLTEY, BLEEES
el e RUCEETARMTHAL
HROEATWS, ~RESHMEOLHIITAZT
b, MEEEEREEIERT LTV a1, E2R
BETRZAERETSHY, KREQEERYRT
& %, Hoppenfeld R o#fEs LT, BUER
BRa, ITPEEREE R, PR BOBERTY
BTFTwa, Lal, R BREEBBEREL
RTEOTRRL, BAENDZETHAH. &
NHDZE Y, ISNCSCIiEBWTh, JLFIEM
B, DAP, VAC 2 EAERRTE U, IBHE
BRI >TWB(FERE).LELZLNTNS,

4) Deep anal pressure(DAP)

BMEPTRBEZILPICIEALEL CILMERR
(84/5 B OBHMBOMERE CETRINTY
BYEWFTLECTHLLEEMWDAP K. Zo

ﬁﬁ%ﬂﬁﬁ%ﬁﬁ@ﬁﬁ@ﬁ%%@ﬁuﬁﬁﬁ
N HERIGBEREERT. .

TRLOFMED &, Hevy—Tid, B
DREICDWTEHE Frankel 43H(3& 2-a) & AIS
(X 2Dy BWT, MIEOFERIZDOVT Zancolli
FEEBEW L RERSS SIS (R 2-0) 12
Tz T o TW5, R Frankel 448 L AIS
1t & b1 Frankel 3% b L IT5ER &€ 258
T %. WK Frankel 4381, Frankel 2389 B,
C. D##fia{bL. A-C2 diEfimikE%:, D1~
D3 iEAATIREER R L, BHFED ADL 24 AT L
R, —FT, KREREOX a7{EiconT,
ISNCSCI @ & 5 v — WA ERER T, AT T D
B LDRUE ¢ 5.

2. ISNCSCI &£LTD AISDEZRF

ISNCSCI &, motor score (LK X C5-T1 @ 5
Hhl, THRE L2-S1 @ 5 §iiicowvT, Fifl key
muscle # #d, MMTO~5 STHML, S A%
#H ), sensory score(C2-S5 @ 28 Hhfilc o
T, Tl sensory point % #:%, light touch, pin
prick DENEFNE 0~2 HTHMGL, SatEE%E
HHE)ZEML, BEREDORAITHET). &
512, VAC, DAP % iz owWCEEI %47 5 (ASIA
? e-Learning ¥4 I : https//Ims3.learnshare.
com/home.aspx (ZFEHIASERIRE TV 5), &5
MO 24T o 228, DTOMT, MEORAE
fli, MEOFIFE TOFL %7

1) E4HD sensory level DiRE

K479 light touch, pin prick FiLZhicown
T, WL IEE & MM ME 0 & 5 CREN A
fhfn % FEAR.

2) KB motor level DRE

EHD key muscle FNEFNIZOWT, MMTS3
BEOBhdsY, 20 key muscle @ L1 key
muscle 75 MMTS Tdh L, MMTS @ key mus-
cle Z FRBHEIE LTER WG EELS
WEITIE, BB % FRRCIR D 3.

3) Neurological level of injury (NLY) (iRE

AFw T, 2 THES N TE RS, a
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: B B Frankel 5%
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ation of Spinal Cord Injury (ISNCSCI)/ASIA

IEILTO ko muscle DSBBLERBIAIBLE . o o

s TP AP - LR
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1‘«:10‘)0 %ﬂs’c DEMO LAV E NLL & LTHET
5.

4) BEREDTLEEIERE

Sacral sparing DFIEIIZ X D PiE. VACZ2 R
7, 845 LR TT D sensory score=0,
DAP DL VFEIIOAR, SEEMBE LS
5. ENPHNOEEE, FRERE L WIFT 5.

5} AIS grade DiRE

ATy 7 4 TSR L s hihid, AIS=
A EFFM L, ZPP : zone of partial preservation %
T 5.

ZPP & motor score, sensory score D EFNE
TIRAEL T3 REMGIN%Ei%d 5.

AT o T4 TCRERBEPFL, »o, HElse
SRS M S v, AIS=B LT3

EIERFEE &, VAC 220D, %)L

LiER Ty 7 2 CYSE L7 motor level X b 35

BRI % 48 2 7= 4 #105 LLU T C motor score % iR
RWEE.

ATy T4 CRERBEYPWL, »o,

SRR LTS hiud, AIS=C#D
5.

NLI & H FTORE =BT, key muscle DY
B EAMMT2UTOMN2ET 256
AIS=C &F4Hi4 5. T/, key muscle DL
LA MMT 3 ULLDOFHHEETHEER, AlS=
D }:%F{ﬂﬁﬂ‘é

.z/ﬂ#®¥¥ifﬁ¥%7fﬁ.f REMBZ TN in-
tact LEIRT B, WBRE, FBEND D, FTOKB
B, TRTORHICBWT, BE EHE b ICE
Wihdat, AIS=E & INT 5.

TDEIBRM—VITMAT, AlS=B & CO¥
7z, non—key muscle DWW TORRIRAER &,
EHRAFMON—WHHEET S, IhbIL
D, b= 2 EEFTIC ALS F EMIC G
TAI LIRS A ST ARAS DD, Zh
b BT 5720, . web LT AISFEMO 2
HOTNITYXANLEEIA TS (hitp://
isnescialgorithm.azurewebsites.net/). < Eli,

LR
PR

CHOTNIT) X AEHNT, AIS=A, B, C@ﬂ
flion 7=, W%&T%/RFV~53/EWL
W L 7.

T-a &, MARAESH O E D TR
O, WLBRMOREMR, WFREOMRELRL
ZeRETH B, £, EERENMEOLEPTR
R B R BAI0 A CA/E CA TH HH D, senso-
ry level 1%, & C4/ZECA LRBT 5. MMT 3B
Loff ik, MR (C5) « =B R
(C6)TH DA, ThENED I key muscle T
MMT5 T& % BHE % 2 R (C4 i3RIt
FELZV). BMSIFEELLTVHERTE, K
R RES & RIS D 9 v ) Vv—ilHge C4
BEfiAs MMT 5 &% X, motor level 1275 C5/%
Co LMy A, o kb, NLIIER B MM
5, PO ) HEFEWMO C4 LW TE 2.
WC, sacral sparing D= fEFR L, VAC (’\Io)
S4-5 sensory score=0, DAP(No) THAHZ & X
D, SELRRIE(C) L3Rl Bik¥ 2. ST
HBHTE LD, ZPP OFMALIEL Y, REN
BE, BMMEORENCHL T &4 TU/A
T1 & sensory, motor & b IZiikd 3. Loz
& X b, AIS=A & Ffll, BT 5. R
Frankel 78 T%, Frankel=A &% 5,

B 7-b (&, WAMEAEGONSITES T, Wik
B O % 30, M LR
B, MTHOBREERLUENTHS. B7-a %
BEWEFEZ T &, sensory level EH C4/%E
C4, motor level d75 C5/% C5, NLI i C4 & #lilik
C&%. Sacralsparing KL TiE, VAC(No),
S4-5 sensory score=0, DAP(Yes) Chb T & X
D, FERED & FM BRT 5. 61
AIS=B " C 0o/, BEEFUTO
non-key muscle I2B LT % MMT &1l % 1T
9. E7-b Tk, motorlevel /5 C5/2C5 D 3t
WRENTH L CB M EBA L T BhAT (4 BAMIR
W UT T, EBHELEETHLOT, AIS=B ¥
B, IR 3. BB Frankel ##i Tt Bl Td
5.
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Are The Optimum PI-LL And PT Values Constant Irrespective

of Age Groups?

Satoshi INAMI

Hiroshi TANEICHI

Key words : B A2 (adult spinal deformity), &RE7 74 # > b (sagittal alignment), 4E# (age)
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TK : thoracic kyphosis(® ) 28 38 _ 0.045
LL : lumbar lordosis(® ) 40 44 0.452
PT : pelvic tilt(" ) 25 28 0.363
PI-LL : pelvic incidence-lumbar lordosis(® ) 10 " {.761
DLL-LL : Dokkyo formula LL( ) 3 0 0.289

Wilcoxon &%
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PeERT 64.88. 1 B¢, B 176, &6 FIT
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761, N:338ITH o7,

MR 2EROUTDNRT A —F ZHBILETL
7-. EHHIYE B 13 M4 Z (thoracic kyphosis :
TK), LL, PT, PI, PI-LL, bitbhhgEL 7
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Intrinsic Regulator of Physiological Lumbar Lordosis Is a Shape of the Vertebral Body

BAHFHKE WR B HE *# TAXAE LHBESR
A8 ¥ XKIEAN RBXE BE # Em &
Takuya limura, Satoshi Inami, Hiroshi Moridaira, Daisaku Takeuchi, Haruki Ueda, You Shiba,
Makoto Ooe, Hutoshi Asano, Yutaka Nohara, Hiroshi Taneichi

%2 =5

AHETCIPILL S ATy FOLRWEREBRKET 74 A > b, BARIR, HERH
BROWTRD, T, AL oERITE2PEHLI;ICT S, HEMBRESPHEE
DO RVEEFINPOLEREARE X Siig% Ay, EHEHE A, ARSI, £18R
WH, BT A—F2RFLER POy F LSBT S AR LD
WESNEZ LEHLII o,

Abstract

Introduction : We hypothesized that physiological lumbar lordosis (LL) matched with pelvic
incidence (PI)is inherently regulated by a shape of the vertebral bedy and the intervertebral disc.
The aim of this study was to clarify intrinsic regulator of PI-LL matching.

Methods : Total of 111 young individuals who underwent whole spine standing lateral X-ray with
clavicle position were enrolled. Exclusion criteria were : Lenke 3-6 type curve AIS ; spondylolis-
thesis ; transitional vertebrae . and disc degeneration. There were 20 male and 91 female patients
with a mean age of 15 years (range : 10-25 years). Relationships between PI and vertebral body
angle (BA : L1-5) and those between disc angie (DA : T12/L1-L5/S1) was analyzed by using a
simple regression model. Post hoc power analysis confirmed the statistical significance when Power
was 0.8 or more.

Results : A mean BA in each level was-1.5°inL1, 0.3°inL2, 2.2°in1L3, 44°in L4, and 9.1°in L5.
An average DA in cach disc was 2.0°in T12/L1, 3.6°in L1/2, 6.1°in L2/3, 8.0°in L3/4, 9.4°in
L4/5, and 8.9°in L5/S1. There were statistically significant relationship between PI and BAs :
BALI (p=0.0095, Power 0.84), BAL2(p<0.0001, Power 1.0), BAL3 (p<0.0001, Power 1.0},
BAIL4 (p<0.0001, Power 0.99), and BALS5 (p=0.0301, Power 0.71). Whereas, there were no
statistically significant relationship between PI and DAs.

Conclusion : Intrinsic regulator of physiclogical lumbar lordosis matched with P was a shape of
the vertebral body.

Key words © R NE4EZE T (adult spinal deformity), £IRE7 T 4 A b (sagittal alignment), FEHERT
% (Jumbar lordosis)

BRERAFEZNEZF LRSI (7 321-0293 AR T 45E BT 40Tt/ h4880) Department of Orthopaedic Sur-
gery, Dokkyo Medical University
(%8 : 20064F10A 318, ¥®fH : 20174 3 A23H)

Journal of Spine Research Vol.8No.9 2017 1455

~154-



BLYIC
HEBHRIRE T 7 4 A » MZid pelvic incidence

PDITw y F L IBENE (L) RAEE &h, &

OFEREREAFAMIEN O -85 Y A
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He - JBMEVCEN — 7 %EF 55 Lenke 3~ 6 BUEF
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P, BATHEBNZERAL L 7. B20F, XIFICEY
SERR158% (10~25/%) TH o Jz. FREER/INTF A —
# & LD L UEHERIE Cobb A, RIKME /S
F A —#& & LT sagittal vertical axis (SVA), FgiEfz
% (TK), LL, PI, pelvictilt(PT), SS, #fF A (BA:
L 1~5), H¥M#A DA : T12/L1~1L5/51) (+ :
BARA)ZFHEILZ(E1). BA, DADLLI
HHHEE (%)X BA/LL, DA/LL & L7z, BA,
DA, BA/LL, DA/LL & PI OAHB % BT L 72, #f
RIS O S % e, BEMEESIT LT
7o, TRTEROBRE NG ZITHEIENER
ZiXpET%R L Power(1 =8)>008%FEE L
7=, HEHEE I IMP 10028 G*Power 3.1% H
(RYAS

= %

BINS A=Y DFHEERT(ERT). PLLL 3
ARy FiRadoidE, TRIZNSWE@YNSH o
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K& ol DARTNTHFRATHo.
TIZ/L12 5 L3/4F CIREBEIKE (o2t
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LL XEVIEQHE %R L, LL=039PI+35.74%
ENh/(X4). P1L BA QEMEERT(XES5).
L1 IATHELRHEMEERL, PIVKEZ {25
WONEGHABAVAEBRILRE 27 —
A, DAWETTP LHEEZRE Zdos, PLE
BA/LLZ L1426 3 CEMHMBZERLA(E6).
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TK 16+ 10°
LL 54+ 10°
PI 4712
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AIZRETS.
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PIOS/NS WIS WRPLLLIZO 1238, PIASAE ey
FRI0° LD REBRPLLLIHE LA EHN, 0
RNTRENTW S,

PI-LLOEDPUC L o TETHI EHHL A
Koo, SLICFNER*#ZET S, Duval-

HHERRBIFRIC 11D
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ERACEESERBET 51XV M BTN
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—7, PIFREVEEE, RESGAGIENL
N=T—bzdh, SHIMEERBEERCEO
FEBED K E { %599, Legaye 5%, BEPLE4L
BRSO FE B % sagittal pelvic thickness (SPT)
LEHRL, ZOEFPILHEBEIH L EFHRELT
w5 (E2)e 2F PPIKEVEAE L ETEFLO
BEBEATK & <, C7 plumb lineSEEBEHF ICIRHF X
NHDT, REZPLLLSHE SN EEL 2,
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Sagittal pelvic thickness
(SPT) MBWIC KB 7O~
BNILT7 51 A NOHE

BIFGETSA442 MMEHHSLLY
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RERTH Y, ERREORSIZEHOUE DA
O THREZ&REI . ZHAEED, 60
FORET, ETHFE, BREMELSH, LE
LiFERERE*E&# L, 2RES/ 0207 F
AXAY FNEREZIDDL LW IHB. —FT,
TURBEEAEER, SRENEESRARET

A PR

Key words

HEAEREER (adult spinal deformity)
. IHTRERS (surgical strategies) .
- H4R (classification) = =

B T P L et rr i N T R T T L I AT YL
L B e F T i S e ke P TR BT e A Vi ot o

BRI T HIBEEEN D
T30

' F

BELLZDOTH Y, BEMAEETHD LT
TOH—TOEEHRDH Y, — B LRERREE L
WHEPRLS, REEENEER, #7958
CHWwA—7T LIRS S OB — 7
ORBTHTHEE 20T L) IEES 5. T/
IEHAEE £ 0 BN, 40 e ookIizEin g,
BEES - REE ZREIHETE S, Bd—

BRI b D RS E ORISR EEK X 5 —K%

HOBRBETH A, ZREOHRTECR, BERE
THAFEREMZOLOFETNE, Tl
(3, FRREMEMEEICH T2 Harrington 128 5
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1 2471 EReERERERTIERE/7 > A0 LVER

SEREAT YA L (a), Moieds X U REEICHEETRIC I ABEHFDHS (b) dHBHNELN,{, FBBIZX D
RBFGERINET7TSA A FHBLENS (¢). Ponte TFHD EBFA VA oM A U F—3a VIl IBHFERED
HZTRIFLRTSA A e Fu—rna3 vy AMEL6RE (d, e).

NiTHRERE D B B BIC T TORAFTRER %,
H— T OFEE L FIREDNS 5 7 A FIHT TR
7o TE -2 KIS T, lateral interbody
fusion (LIF) #£ 1 & 2 IREB{LIC H bz d% 5,
5 A TR OEBEIEICOWTRRS,

RABIEZE DR

FREEAKT T 5B 2 H=GERCE, ERESR
FREFHTANETH 5. BRAFTREHOMEIRT
fli Tk, side bending = & 5 1% Ok EEM I
ImA T, fulcrum backward bending (FBB) i<
L ABEOFEREFMHE LT .

BEZXRERGLEIMZE L, BEOH
HAHEIZY LY v 75— A BOMMEESNT, B
WoRKERUZEI L, 2F0n X&&%
W_BT5. COFBRBEOFRAMZHIET 57:8
DHFFETIE, FBB TR L N5 BRI & (ABHE
HERIZ (virtual lumbar lordosis : VLL) &4 5 &,
VILEBEWY ZHALEWA YA Mo A Y
T3 a VYERTELNRE LL EEHLDTHWE
ET—HTAILFHEOM RN, 22 Th
NbIix, pelvic incidence (PI) - VLL &3 &1Z
WRIETE % T T &7-.

47 FEBREEREETD
FIXEINS V ADLNVER:

FIRT /95 ¥ A H & { (C7plumb-line dis-
tance (PD)<3cm)®, HEHF#E (PI-VLL<L
W54 7Ths @), S0¥ 4 TOEF
T, BRENS Y AR Tw S DAIEE
BOMENRLERW., T/, 487 —-A LD
B TR BT 2 BB GO NE 8, BA
AYARINVAYT=aVDRICLBHEFHLE
EEMIEEL 25, 7471 OEBIRORE
RO BVERTHECE 2729, 80 BLL_EOREH
THoTHHRBENRETHS. THBENEELRE
BlizBwTil, BEROMSEAZ ) 2 — (PS)
DR B HARHEEFHZH DI, 1~-3HEMD
Ponte ‘B4 ) 2 EDBHFEEOEW Y (Schwab
Gradel or 2BYW )P Z2MATH X\,

B % L3 # (upper instrumented vertebra :
ULIV) BESEHERORRIZE D RET S,
WA TIoF#EETA BEETHME (ower instru-
mented vertebra : LIV) 3ZEARBICS1 TH 5.
FEDI & A EFBAERCEEXD D, BFIK
EHBELAETE2D, 52 LIVICTHI L
BEETHOBEEDO ) A7 E{HEEBTE W,
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B2 %472 ZREGEEHZHTIERENSAOE

£

W&

BREZ O =005 Y AFFREBCREE (a) © BEEE» D5 (b) HHBIERKT, FBBIC
I hEHREELNRD (o). BWHIBERDH S Le-4 K LTLIF & TLIF 2 X % IVR 247w, fl
BIBFIEE SK, BRE/NT Y AMNER{LL TV 5 (d). Rod de-rotation R MA oA v A b v
NAVF—va Il ARETCRIFRIBHENEZHE LTS (e}

EAEEED TR I —ESIPSEBEARY
Ja—hEicks 4 HEZE (4-point fixation) A%
WIREFELD.

5472 REISEREBERZETS
RIREINS V ADEVAIE

BWEIZ I L ABIREANT Y APRRT (C7
PD<3cm), BEHFhkL (PI-VLL<20E) ¥
A7THs (B 2). L LTERENNT ¥ AUF
ZBHICHEREZIT) A, FHREEPBERRE
2D BEWRIZEREL, BIREORTETS2A
EETFRTER2Y. BWERZ2I -7 v MK
Ponte BE¥11 &, BiFLWVLEE»LORERKE
MR EE (intervertebral release : IVR) % B
EhETELETHY. EE, FETHEMTS
NAEZ Lo LIF R IVR OBHLFETH
A. PLIF/TLIF OFF L B4 ) BEAEORE
HhniHHNBERICED T, BEREBLOBRA
PHLHRTELY. ERBELEOT ¥ A —-1Zid PS
#FwT, Mo rod de-rotation EEMA 5. T
DEFEREREORIEEREE L R OHELE A
LRG0, BEHERNE L EMEICE S5,

\ .
T RRENG Y AOERPORLE, FAT2D

ERBVWTPIKESGLALL2RBBZ LI,

¥4 71 AkICEEETIER {, LIF 2 B\ TEH#
fTtak LL #8535 28T, WRBATHO
BEVREREFITIZ UIV 2 L2 I TE B EM b

BB,

Y473 QIEHBRELRELES
BB ENE OB EPEL FBB itBV 5

WwWEBEISRT (PI-VLL>20 ), AIZEFRE

(<308 o4 7THs (K 3). EERERRE
MG T BB LR EEMBEORIKE 7
SA2AVIVRECELALNS. BALRKKET
54 A7 FEIEXR{ETE % pedicle subtraction
osteotomy (PSO) @DFET, 1HAEOFHICE
D30 EORBBEFTRETH S, bhbhid
WhWwsegg shell FETR L, /I P
HEREE ) 24T Z WS WV EMREEARE
BT HEHCLTWS. PSO TRREW VD
BFEZRKREBHENE D, ETHRZT
SEOBHEBCTCEELZT2RAFEE
{posterolateral fusion : PLF) 2SULETH 5.
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FHMEREGERICHT 2EERROERET 74 2 ¥ L BETEREERI 2 (2). B R
DT 74X PETEEDTETHERAFERL, WEREE DM, o TRRENT VRAELLRET
H5 (b, ¢). L4DOPSO Tk ) EHIELHERL, LU CRATBERN X ERT 2L T, RiFL

RIRET T4 27 FIBETETHS (d, o).

FAT3INY D, BEHROEEIHERRTH 2~
RMEDHEEIEITIE, PSO ot o T LIF 248
L7 SBIERASITEE L 2 5. LK & TRV
TRERD LIF 217- T, BHERIE & FECETS
EMASEETBE, HWOTHAFHOBI, 2
DHEHM T Ponte BY Y (EAHBHEDER:
Schwab Grade2 B4 0)? %47 o T FEH 3w
+57% LL 2 BT B LT, RRET 5 AR Y
CMEHESESD. '

F147 4 HENSESEEE

BEHFELC PI-VLL>20 &), @E s &HE
(>300) %54 7THb (= 4). PSO ixHEAKE
DRI T G4 AV VEEODOERET, =
RIEERGEE I M A2\ 728, vertebral col-
umn resection (VCR) 255 & 72 27, #5 B
VCR RHIEEHT7 Tu—F12 L 5 VCR 247 h
NEY, WINLFHIAF 22 LEBET 2
DT, ELDTEVZRTHET b B oLH
MTRETE 5. HHXHE (r—v) RESUE
THLY, BEPORET 2B, BEKE L
CHBYBRBEO X v v 7WCEE» S 2 BB+ 5

DL, FIEEH VCRIZ, FiFrbAELH
MOr—VhRE&CRETE, FAHLEERD
Ay bddHs.

AT IR, ¥4 74BN TH, HWEER
D% S HERBEA DO WEFICBWTIE, LIF A3
MORFREZS TS, WEDEREFHLTFIZN
ZHOWR T LIF 2173 5 2 & T, JKHEOH
BARIRRIC L B8 h R BIEE, KELEROF—
VL DBREMBRITETH S,

F47 5 TS CRIRE
5> Z BRI NIz

AN

FRENTG VAP BERT VIR Db b
T, MEFEE O0F) 244 7TH23 (|
5). RRHWBEORBEINICSE {, BUEEE,
EDEBE~NDOBEVAZRP, FROEHIZL S -
PEERERE 2T 5. WHFBER (anterior spinal
fusion : ASF) CTHREEMOMEMBEE AT H 4 >
APSNWAVF =g iz k ABBDRERTHE
EHFTEETH Y, AT L TR LRV OBF RS
2MATE S & CHMERCOBEREN TR E 2
59, BRBENEES AN, TOEROBIEIC
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E4 #1474 ABFBELBVEE
SEIRE 70—/ VST Y AHFREEN
REE (2, o) T BRKETIFAAVET
BebdHd (b). FBBILL W EIRET 7
427 PHERE SR (@), BE
RO H A L1-4 12 LIF Z Bz IVR 2
Fo CRFENAT VAZREL (e), £
ORI T Ponte BYI D ZMATEFE
Mgl LT oRBENEEREL
T3 ().

g . m. i #) . b , Bt ﬂ .

g 5 #4075 TRERIECTRRENS Y 2R lB

¥ ERE ST — 85 Y ANTHBRENEC TRES ATV AAEE (a~ve) TREMERBETS
% 5. WHBEESMICL Y La~SI O 2HMERF LT FTREREET 54 2 ¥ PARRTET
w3 (d, e). #ATC La/s MBI RIS bone on bone 1< &0 TV B2 (a), Mk LaAkFiLan
3 Tns (d).
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MBEEISERIIMTTORALTREER S,
A—TOREFELFHRE»S5 54 71253 C, %
A TR DEHBBBET D W TR, WFEIcHREt T
NEFHRE, F-7 0O, KRESLIUERTO
Ta—=NWNG YA, RIREERERTSA AV
FRE, EROWE, TRERSE, SESBTS
N5, TREMAT, BEOERPESIKRBITLL
Bz, BEMLRT A2 MEBD-HOR
LWL EHET 2 —5T, BEOLHIRE
PENTHBETELIDRELERTILEND
5. BEFME, BHEEALZESE, 3752050
R LR OHEMIRRE IVR) OfR%R e, BL
TEREBICZDRT v, LiL, &< OERH
BRRLPVERTHLZEZBIZIT, AHE
ERBRENIIRICEL<ETHDE. —FT, &
BRERICIZDEHEI NI, BEEATSRR
BT, ATV MEROBERZITAE, A2
Va2a—DWaARENEEL, RTH5EEBETE
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