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OBJECTIVE The primary treatment for atlantoaxial rotatory fixation (AARF) remains controversial. The aim of this study
was to investigate the primary treatment for AARF and create an algorithm for primary treatment.

METHODS The authors analyzed the data of 125 pediatric patients at four medical institutions from April 1989 to De-
cember 2018. The patients were reported to have neck pain, torticollis, and restricted neck range of motion and were
diagnosed according to the Fielding classification as type | or Il. As a primary treatment, 88 patients received neck collar
fixation, and 28 of these patients did not show symptom relief and required Glisson traction. Thirty-seven patients were
primarily treated with Glisson traction. In total, 65 patients, including neck collar treatment failure patients, underwent
Glisson traction in hospitals.

RESULTS The success rate of treatment was significantly higher in the Glisson traction group (97.3%) than in the neck
collar fixation group (68.2%) (p = 0.0001, Wilcoxon test). In the neck collar effective group, Fielding type | was more
predominant (p = 0.0002, Wilcoxon test) and the duration from onset to the first visit was shorter (p = 0.02, Wilcoxon
test) than that in the neck collar ineffective group. Using multivariate logistic regression analysis with the above items,
the authors generalized from the estimated formula: logit [p(success group by neck collar fixation group)|duration from
onset to the first visit (x,), Fielding type (x,)] = 0.4(intercept) - 0.15x, + 1.06x,, where x, is the number of days and x, = 1
(for Fielding type 1) or =1 (for Fielding type II). In cases for which the score is a positive value, the neck collar should be
chosen. Conversely, in cases for which the score is a negative value, Glisson traction should be the first choice.

CONCLUSIONS According to this formula, in patients with Fielding type | AARF, neck collar fixation should be allowed
only if the duration from onset is < 10 days. In patients with Fielding type II, because the score would be a negative
value, Glisson traction should be performed as the primary treatment.

https://thejns.org/doi/abs/10.3171/2020.7.SPINE20183
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common in children. Although atlantoaxial rota-

tory fixation (AARF) is comparatively rare, it of-
ten recurs.? AARF is often refractory, chronic, and recur-
rent due to delayed diagnosis and ineffective conservative
treatment.** Although conservative treatment occasionally
improves AARF*-® surgery is required in many cases.”"!
Appropriate treatment yields good outcomes. However,
treatment guidelines for AARF are not clearly established;
there is debate regarding treatment with external fixation
using neck collars or with Glisson traction.>'2!* Several
case reports and small case series®!%121415 have focused on

N EcK conditions such as neck pain and torticollis are

AARF; however, to the best of our knowledge, no study
has reviewed more than 100 patients with this disorder.
The present study aimed to investigate a large number of
AAREF cases to construct an algorithm that could be used
to determine the best treatment for each patient.

Methods

We investigated 169 patients diagnosed with AARF
by orthopedists during their initial visit to their consult-
ing doctor at one of four different medical facilities affili-
ated with our hospital —Kurume University Hospital, St.

ABBREVIATIONS AARF = atlantoaxial rotatory fixation; ROM = range of motion.
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Mary’s Hospital, Chikugo City Hospital, and Kawasaki
Hospital —between April 1989 and December 2018.

The inclusion criteria were as follows: 1) the presence
of neck pain, torticollis, and/or limited range of motion
(ROM) of the cervical spine, 2) laterality in the distance
between the lateral mass and the facet for dens on simple
radiographs, 3) availability of patient CT images, and 4)
implementation of follow-up until completion of treat-
ment. The following cases were excluded: 1) patients for
whom a cervical spine CT scan could not be obtained due
to lack of patient cooperation or for whom CT images were
not available, 2) cases not treated with neck collar fixa-
tion or Glisson traction during initial treatment, 3) Field-
ing classification'® type III or IV, 4) cases with onset after
school age, and 5) dropout cases. The definition of Field-
ing classification, according to Fielding and Hawkins,'¢ is
as follows: type I is a rotatory fixation with no anterior
displacement of the atlas (displacement < 3 mm) and with
the odontoid acting as the pivot, whereas type Il is a rota-
tory fixation with an anterior displacement of 3 to 5 mm
and one lateral articular process acting as the pivot.

The decision to choose type I or II was made not only
by orthopedists at the initial visit but also by more than
two spine surgeons and based on the radiogram interpreta-
tion reports by radiologists at each hospital. In cases where
the spine specialists had a disagreement on type I or II, a
decision was made based on the radiogram interpretation
reports from radiologists in each hospital. Among the 169
patients initially studied, 44 were excluded (Fig. 1).

Study Parameters

We investigated the following parameters: age at diag-
nosis, sex, Fielding type' I or II, cause of onset, duration
from onset to the first visit, duration of follow-up, primary
treatment (neck collar fixation and/or Glisson traction),
and overall success rate of the primary treatment. Patients
were classified into four groups based on the cause of on-
set: the unknown group (no clear cause), the major trauma
group (traffic accidents, falls, or sporting incidents), the
minor trauma group (activities of daily living, such as
turning around or undressing), and the postinflamma-
tion group (otorhinolaryngological inflammation such
as parotitis or tonsillitis). The patients in the postinflam-
mation group had improved inflammation findings at the
initial visit and did not need additional antibiotic therapy.
Patients were treated with external fixation using a neck
collar or with Glisson traction in the hospital at the discre-
tion of the first consulting doctor. If the attending physi-
cian determined that there was no improvement in pain
or restriction of neck motion during the treatment with a
neck collar, the patient was admitted and treatment was
switched to Glisson traction. The Glisson traction method
was performed with the patient in the supine position on
a bed and undergoing traction with 1.5-kg weights. When
there was no improvement with Glisson traction, manipu-
lative reduction was performed under general anesthesia
as described in the report by Ishii et al.’ If the halo ring
was used, the head was gently manipulated by holding the
halo ring, and the reduction was attempted by applying
slight axial traction first, followed by translating the head
posteriorly with only minimal rotation until a slight click
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Retrospective case series

April 1989 - December 2018

Four related medical institutions

Kurume University Hospital, St. Mary's Hospital,
Chikugo City Hospital, Kawasaki Hospital

Chief complaint : torticollis, neck pain, ROM restriction

169 cases of AARF diagnosed by primary orthopedic doctors

Excluded

Unavailable CT images: 32 cases

p| Fielding type Ill, IV: 2 cases

Not treated by neck collar or Glisson traction: 9 cases
Drop out case: 1 case

h 4

125 cases fulfilled the inclusion criteria

FIG. 1. Study design. Figure is available in color online only.

indicating reduction was felt. Then, halo vest fixation was
performed. The duration of collar fixation, duration of
Glisson traction, timing of conversion from collar fixation
to Glisson traction, and duration of external fixation after
Glisson traction were decided by the attending physician.
The criteria for determining whether the primary treat-
ment was a success or a failure were as follows: treatment
was deemed successful in patients whose condition was
cured with a neck collar and/or Glisson traction, and treat-
ment was deemed a failure in patients whose condition did
not improve with a neck collar and Glisson traction and
who required transition to a halo vest.

To compare the treatment outcomes, we divided the
patients into two groups: neck collar fixation and Glisson
traction. Patient age, sex, Fielding classification,'® cause of
pain onset, duration from onset to the first visit, and the
duration of each treatment were investigated for each fixa-
tion group.

Next, patients in the collar fixation group were classi-
fied into the neck collar effective group, in whom the con-
dition was cured with a neck collar, and the neck collar
ineffective group, in whom the condition was not cured
with a neck collar and the patients were transitioned to
Glisson traction. Factors associated with poor outcomes
were extracted using statistical analysis. We investigated
and analyzed each item using univariate analysis. Then,
we performed a multivariate logistic regression analysis
using items with significant differences as explanatory
variables to help determine the primary treatment.

Ethical Considerations

We anonymized patient data and used them for re-
search with parental consent or disclosure obtained via a
website (http:/www.med.kurume-u.acjp/med/joint/rinri/
ushiromukikenkyu/18292 pdf, http:/www.st-mary-med.or.
jp/resources/file/pdf/2019061908_54_16.pdf). This study
was implemented in accordance with the Declaration of
Helsinki and was conducted with the approval of the Ku-
rume University ethical review board (no. 18292) and the
St. Mary’s Hospital institutional ethical review board (no.
19-0506).
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TABLE 1. Demographic data

Variable Value

Age at diagnosis, yrs

Mean + SD 61125

Median (range) 6 (1-13)
Sex, no.

Male 63

Female 62
Fielding classification

Type | 101 (81%)

Type Il 24 (19%)
Cause

Unknown 54 (43%)

Major trauma 32 (26%)

Minor trauma 21 (17%)

Inflammation 18 (14%)
Duration from onset to the 1st visit, days

Mean + SD 42+10.3

Median (range) 1 (0-60)
Duration of follow-up, days

Mean £ SD 37+58.6

Median (range) 10 (1-302)

Values are presented as number of patients (%) unless otherwise indicated.

Statistical Analysis

We used the JMP Pro 13.0.0 software (SAS Institute
Inc.) for the statistical analysis. Statistical analysis was
performed in cooperation with experts, including a pro-
fessor at the Biostatics Center at Kurume University. The
Wilcoxon test, chi-square test, and Kruskal-Wallis test
were used to compare the neck collar fixation and Glis-
son traction groups, and the effective and ineffective neck
collar treatment groups. In addition, when comparing the
effective and ineffective neck collar fixation groups, we
analyzed items with significant differences using multi-
variate logistic regression analysis. A p value < 0.05 was
deemed to be a significant difference for all tests.

Results

Among the cases studied, 125 fulfilled the inclusion cri-
teria initially (Fig. 1). The demographic data are provided
in Table 1. The mean age was 6.1 + 2.5 years (range 1-13
years, median 6 years), and the study population included
63 boys and 62 girls. There were 101 (81%) and 24 (19%)
cases of Fielding classification type I and II, respectively.
There were 54 (43%), 32 (26%), 21 (17%), and 18 (14%)
cases in the unknown, major trauma, minor trauma, and
postinflammation groups, respectively. The mean duration
between onset and the first visit was 4.2 + 10.3 days (range
0-60 days, median 1 day). The mean follow-up duration
was 37 + 58.6 days (range 1-302 days, median 10 days)
(Fig. 2).

Among the 125 cases, neck collar fixation and Glisson
traction were used in 88 and 37 cases, respectively. Of the
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125 cases

Neck collar fixation

Glisson traction

(88 cases) (37 cases)
>c¥‘s \'\_
Glisson traction 1 case \
(28 cases) \
EE\ .\'\.\.
v v I \"i
Success Success Failure Success
(60 cases) (27 cases) (2 cases) (36 cases)

h 4
Manipulative reduction
under general anesthesia and
Halo vest (2 cases)

FIG. 2. The details of the primary treatment. Figure is available in color
online only.

88 cases in the neck collar fixation group, pain, torticol-
lis, and ROM restriction were reduced in 60 patients. The
other 28 patients did not show improvement and under-
went Glisson traction, and 27 of these patients showed
improvement. In the primary Glisson traction group, 36
of the 37 cases showed improvements. Two patients who
did not improve after the primary treatment underwent
manipulative reduction under general anesthesia and halo
vest fixation. One had a reduction in all symptoms, and the
other reported slight ROM restriction. The success rate of
primary treatment was 98% (123 of 125 cases).

The median treatment duration was 8 days (range 1-56
days, mean 12.1 + 10.6 days) in the neck collar fixation
group and 6 days (range 1-41 days, mean 8.9 + 9.1 days)
in the Glisson traction group. The median duration of neck
collar fixation after reduction with Glisson traction was
10 days (range 077 days, mean 13.7 + 15.4 days). There
were no significant differences in sex, cause, and duration
from symptom onset to the first visit. In contrast, the age
was significantly higher in the Glisson traction group than
in the neck collar fixation group (p = 0.037). The success
rate was significantly higher in the Glisson traction group
(97.3%) than in the neck collar fixation group (68.2%) (p
=0.0001) (Table 2).

In the neck collar fixation group (Table 3), there were
no significant differences in age, sex, or cause (p = 0.25,
p = 0.36, p = 0.29, respectively) between the effective and
ineffective groups. When patients were assessed based on
the Fielding classification,'s type I was significantly more
prevalent in the neck collar effective group and type II
was significantly more prevalent in the neck collar inef-
fective group (p = 0.0002). The duration from onset to the
first visit was significantly longer in the neck collar effec-
tive group (p = 0.02). Finally, from the aforementioned in-



TABLE 2. Comparison of primary treatments: neck collar fixation
and Glisson traction

Patient Group
Neck Collar Glisson p
Fixation Traction Value
Age, yrs 5.8 (1-13) 6.6 (3-12) 0.037*
Sex, M/F 44/44 19/18 0.89
Fielding classification 0.06*
Type | 75 26
Type ll 13 1"
Cause 0.83
Unknown 40 14
Minor trauma 14 7
Major trauma 21 1"
Inflammation 13 5
Duration from onset to 1st 2.8 (0-49) 76 (0-60)  0.26
exam, days

Rate of successful cases  60/88 (68.2%) 36/37 (97.3%) 0.0001*

Values are presented as number of patients (%) or median (range) unless
otherwise indicated.
* Statistically significant.

formation, we performed multivariate logistic regression
analysis using two significant items, the Fielding classifi-
cation type and the duration from onset to the first visit.
These results are shown in Table 4. The estimates of Field-
ing classification, SE, and OR were 1.06, 0.37, and 8.25
(95% CI 1.9-35) (p = 0.0042), respectively. The estimated
duration from the onset to the first visit, SE, and OR were
—-0.15,0.069, and 0.86 (95% C10.75-0.99) (p = 0.0034), re-
spectively. In addition, we created the following formula:
logit [p(neck collar effective group)lduration from onset
to the first visit(x,), Fielding type (x,)] = 0.4(intercept) —

TABLE 3. Comparison between the success and failure
subgroups of neck collar fixation

Subgroup p
Success Failure Value

Age,yrs,mean+SD  56+2.6(1-13) 61+21(3-11) 0.25

(range)
Sex, M/F 32/28 12/16 0.36
Fielding classification 0.0002*
Type | 57 18
Type ll 3 10
Cause 0.29
Unknown 28 12
Major trauma 15 6
Minor trauma 1 3
Inflammation 6 7
Median duration from 0 2 0.02*

onset to 1st visit, days

* Statistically significant.
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TABLE 4. Multivariate logistic regression analyses

Estmate SE  OR(95%Cl) p Value
Fielding classification 1.06 037  825(1.9-35) 0.0042
Duration from onset -015 0.069 0.86(1.9-35) 0.0034

to 1st visit

0.15x, + 1.06x,, where x, is the number of days and x,= 1
(if Fielding type I) or —1 (if Fielding type II).

Reference Case

The patient was a 12-year-old boy diagnosed with like-
ly torticollis while being treated for parotitis by his family
doctor. However, he received expectant management. He
was referred to our hospital 60 days after onset of neck
pain, slight torticollis, and ROM restriction (Fig. 3A). His
AARF was classified as Fielding type I based on cervical
spine CT (Fig. 3B and C); engagement of joint surface and
osteophyte formation were not indicated at the atlantoaxi-
al joint on 3D CT (Fig. 3D). We admitted this patient after
the first examination and administered Glisson traction
for 2 weeks, which reduced the neck pain. ROM restric-
tion was not evident in the supine position (Fig. 3E) but
was substantial in the sitting position (Fig. 3F). Because
ROM restriction persisted after 5 weeks of Glisson trac-
tion, we assessed the motor function of the atlantoaxial
joint with CT according to the report by Pang and Li.”
We plotted the angles of Cl1, C2, and C1-C2 at the inter-
mediary and the right and left rotational positions. He was
assessed as being in the diagnostic gray zone of the Pang
classification. As osseous ankylosis was absent, we con-
cluded that the patient could be discharged with a cervico-
thoracic brace and should be monitored. After discharge,
the AARF recurred. However, we elevated the lower jaw
part of the brace, which ameliorated his symptoms.

Discussion

AARF responds to conservative treatment (includ-
ing traction) in most cases, with few patients requiring
surgery.’-® Nevertheless, many of the available studies
on AAREF are individual case reports and small case se-
ries 10121415 Ag a result, no treatment algorithm has been
established. To the best of our knowledge, our study is the
first AARF case series with more than 100 cases.

First, we examined the overall success rate of the pri-
mary treatment to determine the appropriate conservative
treatment. Conservative treatment was successful in 123
of 125 patients (98%), with almost all patients cured. This
success rate for the current study is higher than the follow-
ing previously reported rates: 84% (24 of 28) in the study
by Beier et al.,'> 87% (20 of 23) in the study by Phillips and
Hensinger,"> and 61% (14 of 23) in the study by Rahimi et
al.> This suggests that our primary treatment policy was
appropriate.

The success rate in the current study for the Glisson
traction group (97.3%) was significantly higher than the
success rate for the collar fixation group (68.2%). Traction
therapy is used widely without distinction between acute
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Two weeks after

Glisson traction

Sitting position

Supine position

\

FIG. 3. Reference case: a 12-year-old boy presenting with inflammation. A: Residual slight torticollis. B: Height of the atlas on
CT. C: 3D CT, Fielding type I. D: 3D CT showing no engagement of the joint surface or formation of osteophytes. E: In the sitting
position, ROM restriction remained 2 weeks after Glisson traction. F: In the supine position, ROM restriction disappeared. Figure is

available in color online only.

and chronic cases. Beier et al.!? reported improvement in 3
of 7 AARF cases with traction as the initial treatment; the
remaining 4 patients were transitioned from halter traction
(range 1 day to 1 month) to halo traction, which yielded re-
sults. In this study, in the neck collar ineffective group, the
duration from onset to the first visit was significantly lon-
ger than that in the neck collar effective group. Consider-
ing the pathology of AARF, from onset to the first hospi-
tal visit, there is soft tissue invaginating into the joint and
contracture of soft tissue, including the joint capsule and
surrounding muscles, as more time passes. The condition
may become more intractable as the degree of rotational
deviation increases.''® Ishii et al. reported that chronic
AARF caused deformation with osteophyte formation on
the surface of the atlantoaxial joint.”” Govender and Ku-
mar reported that in the early stages, muscle spasm, swol-
len capsular, and synovial tissues prevented the reduc-
tion.?° Lengthening the period from onset to the first visit
results in the child remaining in the torticollis position,
even if they are in pain, and the load of the head worsens
the insertion status of the soft tissue, which is thought to
worsen the condition. In the reference case presented in
this report, there was no rotational limitation of the neck
in the supine position at 2 weeks after starting Glisson
traction; however, there remained a rotational limitation of
the neck in the sitting position. In other words, the load of
the head may cause rotation disorders in the atlantoaxial
joint. There was no invagination of the atlantoaxial joint
or osteophytes found on CT, which was a diagnostic gray
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zone pattern even when evaluated with the Pang classifica-
tion, and no findings were suggestive of bony ankylosis.
Therefore, the weight of the head may have worsened the
state of the invagination of soft tissue. Missori et al. treat-
ed 14 cases of AARF after acute trauma with 8 to 24 hours
of bed rest after fitting a cervical brace, followed by 14
days of wearing a neck collar, and reported that the condi-
tion was completely cured with no recurrence."* Mifsud et
al. described a simple modification of halo traction that
allows the children to move their heads while maintaining
traction and reported that good outcomes were achieved
by treating the condition with traction only, without limit-
ing rotation.” That is, eliminating the factor of head load in
the initial treatment may be important.

While Glisson traction is highly successful and useful,
it has several associated problems. First, this treatment re-
quires hospitalization. Many pediatric patients are young-
er than elementary school age. In Japan, young children
admitted to the hospital must be accompanied by a family
member, such as the mother, leading to an additional time
burden. The economic burden of hospital fees also cannot
be ignored. In this study, the approximate cost for Glisson
traction with admission was approximately 100,000 Japa-
nese yen (JPY), which is a significantly larger economic
burden than the cost of 1 month of outpatient treatment
for neck collar fixation, which is approximately 150 JPY.
Another issue is obtaining the child’s cooperation to con-
tinue with traction. In this study, the Glisson traction was
adjusted depending on the extent of the child’s torticollis



so that only the head was slightly elevated, and the bed
itself was kept horizontal; however, continuous traction
full-time for 24 hours was difficult for all the pediatric pa-
tients. To counter this problem, various innovations could
be considered, including switching to a seated position at
mealtimes and providing the option of vertical traction,
such as Good Samaritan traction. Another option could be
continuous traction using sitting skull traction as reported
by Chazono et al.?! However, we treated cases with strong
neck pain associated with torticollis, where vertical trac-
tion was difficult. Therefore, we did not use that method
as it was not considered acceptable in children with strong
neck pain, but it may be worth considering depending on
the case.

To reduce the physical, mental, and economic burdens
associated with Glisson traction, we investigated collar
fixation treatment on an outpatient basis. In this study, the
success rate of collar fixation treatment was 68.2%. Beier
et al. reported that conservative treatment using collar fix-
ation for acute-phase AARF had a success rate of 95% (21
of 22 cases).”” Landi et al. also used conservative treatment
with a collar for 9 patients, wherein the hyperintensity dis-
appeared in MRI and all patients were cured.?? Both re-
ports had a higher treatment success rate than the present
study, suggesting that collar fixation treatment is effective.
The results of comparing the effectiveness of the neck col-
lar showed that the effective group had significantly more
cases of Fielding type 1. The difference between Fielding
types I and 11, as reported by Landi et al., is that in type I,
the STIR and T2 sequences showed a hyperintensity in the
alar and capsular ligaments and in the posterior ligamen-
tous system, with the integrity of the transverse ligament
of the atlas (LTA), while in type II, the hyperintensity
also involved the LTA.?? These authors also indicated that
patients with Fielding type II sustained a more unstable
atlantoaxial joint, which caused a substantially greater dis-
tance between the dens and CI1 anterior arch. The persis-
tent anterior shift of C1 might provoke more severe muscle
spasms and soft-tissue contracture. In other words, clear
structural differences were seen between types I and II,
and type I had less structural damage, suggesting that im-
provement of symptoms can be expected with collar ther-
apy. Moreover, the effective group also had a significantly
shorter time until the first consultation compared with the
ineffective group. Phillips and Hensinger reported that the
duration from onset to the first visit was related to the suc-
cess of closed reduction and the length of hospitalization.”
The reason for the effectiveness of the neck collar with a
shorter duration from onset to the first visit may be that
the pathology has not progressed during this time period,
making it easier to achieve a better result. Given that there
was no difference in the effectiveness of the neck collar
based on the cause of onset in this study, we suggest that
neck collar fixation should be chosen for treating Fielding
classification type I cases at the early stage after onset, ir-
respective of the cause. Furthermore, the formula obtained
by conducting multivariate logistic regression analysis us-
ing the Fielding type and the duration from onset to the
first visit with significant differences as explanatory vari-
ables was as follows: score = 0.4 —0.15 x the duration from
onset to the first visit (days) + Fielding type (I, +1.06; II,
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Fielding type 1 Fielding type 2

Duration from
onset < 10 days

Duration from
onset 2 10 days

Succes> Glisson traction

Continuing collar
until improvement

Continuing Glisson traction
until improvement

FIG. 4. Treatment algorithm of AARF.

—1.06). That is, if the score is > 0, then treatment success
can be expected with a neck collar, while if the score is <
0, then it is most likely that treatment with a neck collar
will be ineffective, and it would be better to use Glisson
traction as the first treatment. In other words, based on this
formula, neck collar fixation should be allowed in cases of
Fielding type I when the duration from onset is about 10
days. Moreover, if the case is Fielding type II, then Glis-
son traction should be chosen primarily, irrespective of the
duration from onset to the first visit. Figure 4 shows the
algorithm obtained from the above results.

Limitations

This study has several limitations. First, it was a retro-
spective study.

Second, all imaging evaluation was conducted with the
Fielding classification.” The Fielding classification is a
static evaluation, while the Pang classification!” dynami-
cally evaluates the movement of the atlantoaxial joint dur-
ing the left and right rotation and in the neutral position,
which might be more suitable for the pathological evalua-
tion of limited ROM. Virtually none of the patients in this
study were evaluated using the Pang classification, which
is a limitation of the imaging evaluation. However, in this
study, cooperation could not be obtained in 32 of 169 pa-
tients (19%) with AAREF, suggesting that a CT scan could
not be performed; therefore, conducting routine evalua-
tions with the Pang classification is difficult and impracti-
cal. The radiation exposure with CT is a problem; thus,
different imaging modalities are needed. Not all patients
were evaluated using 3D CT. Several studies®*?° have
reported the usefulness of evaluating the damage to soft
tissue, including ligaments, with MRI; however, MRI was
not used for evaluation in this study. MRI for children of-
ten requires sedation, which makes MRI impractical for
all pediatric patients. Landi et al. proposed confirming the
absence of pathologic hyperintensity on MRI as a crite-
rion for the removal of external fixation, but this was not
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confirmed in this study.?? In addition, the determination of
type I or IT was made not only by orthopedists at the initial
visit but also by more than two spinal surgeons and based
on the radiograph interpretation reports from radiologists
at each hospital. In cases where spinal specialists had a
disagreement on whether it was type I or II, a decision
was made based on the radiogram interpretation reports
from radiologists in each hospital. However, because this
study is a multicenter retrospective study involving many
orthopedists, there was no rigorous criterion like that used
in a prospective study.

Third, the details of the decision-making on whether to
treat patients with neck collar fixation or Glisson traction
could not be obtained. As this is a retrospective multiin-
stitutional study, we did not have any established decision-
making process for treatment. The orthopedists decided
on the treatment options at the initial visit for each patient.
In addition, doctors involved in this study did not retain
the information on treatment decision-making. However,
because the overall success rate of treatment was as high
as 98% (123 of 125 cases), we considered our treatment
policy to be appropriate.

Fourth, we determined the improvement of symptoms
with reference to the subjective symptoms of the child and
examination findings, but not all patients underwent ac-
curate objective evaluation with imaging tests, angle mea-
surements, or other similar tests. Photographic imaging
was taken as shown with the presented typical case, and
the ROM was observed in some cases, but this imaging
was not performed for all cases.

Fifth, it has been pointed out that the presence or ab-
sence of head support may contribute to improving the
pathology; however, results were not evaluated based on
different types of collars. Future studies investigating the
treatment outcomes based on the type of collar selected for
the initial treatment are required.

Finally, in this study it was not possible to show the per-
missible period of time for follow-up with the neck collar,
namely, the time limit for transitioning from collar fixation
to Glisson traction. Pang and Li reported using a soft cer-
vical collar for 2 weeks for diagnostic gray zone cases, fol-
lowed by halter traction for persistent symptoms.> Beier et
al. transitioned from the cervical collar to halter traction
after 3 weeks.> Future studies are required to examine the
time limit for transitioning from collar fixation to Glisson
traction.

Conclusions

We reported an AARF case series with a large number
of patients in a multicenter study. Our results indicate that
neck collar fixation with monitoring progress is an effec-
tive treatment for Fielding classification type I cases at an
early stage after onset, irrespective of the cause.

Statistically, the score equals 0.4 — 0.15 x the duration
from onset to the first visit (days) + Fielding type (I, +1.06;
II, —1.06). Thus, this formula can be used as the method
of decision-making for the primary treatment. In cases for
which the score is a positive value, the neck collar should
be chosen. Conversely, in cases for which the score is a
negative value, Glisson traction should be the first choice.
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