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Comparison of Glisson traction,
soft or rigid cervical collars for the
treatment of acute atlantoaxial
rotatory subluxation in children: a
retrospective study
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Keming Sun™’

To examine the clinical effect of different conservative therapies (Glisson traction, soft and rigid
cervical collar) in the treatment of children with acute atlantoaxial rotatory subluxation. One hundred
and forty-four children with acute atlantoaxial rotatory subluxation treated conservatively at our
hospital from June 2017 to June 2022 were retrospectively analyzed. The children were divided into
three groups consisting of patients treated with Glisson traction (n=37), patients treated with soft
cervical collar (n=55), and patients treated with rigid cervical collar (n=52). Clinical and functional
results were compared among the three groups. Success outcomes were achieved at the end of
treatment in the Glisson traction group (94.59%, 35/37), soft cervical collar group (83.64%, 46/55), and
rigid cervical collar group (92.31%, 48/52). There was no significant difference between the success
rates among the three groups (P> 0.05). At the last follow-up, the overall scores based on our scoring
scale for the Glisson traction, soft cervical collar and rigid cervical collar groups were 95.95 + 6.11
(range: 75-100), 94.64 + 6.30 (range: 75-100) and 95.00 + 6.02 (range: 70-100), respectively. There was
no significant difference in the overall scores among the three groups (P> 0.05). All three conservative
therapies for the treatment of acute atlantoaxial rotatory subluxation can attain a good clinical
outcome. Treatment using a cervical collar should be given priority as it does not require the child to be
hospitalized. Rigid cervical collar provides good immobilization and can possibly lead to better clinical
outcomes compared to a soft cervical collar.

Keywords Atlantoaxial rotatory subluxation, Glisson traction, Soft cervical collar, Rigid cervical collar,
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Atlantoaxial rotatory subluxation (AARS) is a common cervical spine condition that typically present with
painful torticollis in children'-. It can occur due to trauma, infection of the pharyngeal space (Grisel syndrome),
or originate from no precipitating event'~%. Due to the complex anatomy and unique biomechanical properties of
the atlantoaxial joint, it can be challenging to diagnose and to treat diseases of this joint correctly and promptly*.

It is well accepted that most cases of AARS can be successfully treated by conservative therapy>>°. However,
there have been relatively few studies in the literature on the use of conservative treatments and the evidence
for conservative treatment of AARS is poor®’. Cervical traction and cervical collars are two frequently
used treatment methods, but the optimal treatment method between the use of collar or traction remains
controversial. Masoudi et al. (2017) believed that traction was the primary treatment for AARS in children®.
In his study, he specifically designed a simple and easy-to-use traction device for primary health care centers
and underdeveloped regions. On the other hand, some surgeons believed that cervical collars may be more
appropriate for AARS, especially in children with early stage AARS*>78, For example, Neal et al. (2015) and
Spinnato et al. (2021) stated that acute cases of AARS were more commonly treated with cervical collars®®.
Powell et al. (2017) published a multi-center study in America on the treatment of AARS in children among 17
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hospitals?. About one-third of the children were treated with traction, and the rest were treated with soft or rigid
cervical collars and halo immobilization. The authors stated that significant institutional and surgeon variation
exists in the use of collars, traction, and halo immobilization, preventing any meaningful conclusions regarding
non-operative management, thus showing the lack of data and confusion on AARS treatment.

The objective of our study was to retrospectively evaluated and compare the clinical outcomes, including
cure rate, curative time, and complications in AARS patients treated with traction or cervical collar. We further
compared the clinical outcomes within the collar group between soft and rigid (skull-neck-thorax orthoses)
collars.

Methods

Ethical approval

This study was approved by the Ethics Review Committee of Children’s Hospital Affiliated to Zhengzhou
University (No. 2023-K142). Informed consent was waived by the Ethics Review Committee of Children’s
Hospital Affiliated to Zhengzhou University as this was a retrospective study. The study was conducted following
the ethical principles of the Declaration of Helsinki.

Participants

The inclusion criteria consisted of: (1) patients with Fielding classification type I and II'% (2) the presence of
neck pain, torticollis, and/or limited range of motion of the cervical spine with symptoms of less than 2 weeks;
(3) patient who have not received any prior treatment; (4) A cervical spine CT that indicates: Atlantodental
Interval (ADI) <5 mm and variance of bilateral lateral atlantodental space (VBLADS) > 2 mm; and (5) a follow-
up period up to at least one year.

The exclusion criteria consisted of: (1) patients with combined fractures or disease in the cervical region
affecting the atlanto-axial joint rehabilitation; (2) cases with congenital abnormality of the cervical vertebra;
(3) patients who fail to adhere to medical advice and treatment due to various reasons (adherence to the
treatment protocol in this study was defined as wearing the collar or undergoing traction for > 20 h per day);
(4) lack of follow-up information; and (5) Patients less than 3 years old were excluded to minimize the imaging
measurement error.

On the basis of aforementioned inclusion and exclusion criteria, data from 144 pediatric patients with acute
AARS were identified through our hospital database from June 2017 to June 2022. Patients were divided into a
Glisson traction group (n=37) that received Glisson traction therapy, a soft cervical collar group (n=55) that
received soft cervical collar therapy, and a rigid cervical collar group (n=>52) that received rigid cervical collar
therapy.

Treatment paradigm

1. Glisson traction group (Fig. 1a): Hospitalized patients (a small number of patients received traction at home
by themselves) used a neutral position cervical traction with a headrest strap, and the head of the bed was
elevated by 15 degrees. The initial traction weight was 1 kg, which was increased by 0.5 kg daily or every other
day, based on the patient’s adaptability. The maximum traction weight was 10-15% of the child’s body weight.
Aside from eating or using the restroom, traction was maintained as much as possible. Cervical spine CT or
open-mouth X-ray was reviewed every week. Traction duration was at least 2 weeks. After discharge, wearing
a soft cervical collar for 1-2 weeks was recommended.

2. Soft collar group (Fig. 1b): Outpatients were advised to wear a soft collar for 24 h a day outside the hospital.
Clinical symptoms and radiographic images were assessed in the outpatient department every one or two
weeks. The duration for wearing the collar was typically 1 to 3 weeks.

3. Rigid collar group (Fig. 1c): Outpatients were advised to wear a rigid collar for 24 h a day outside the hos-
pital. Clinical symptoms and radiographic images were assessed in the outpatient department every one or

Figure 1. (a) Glisson traction belt. (b) Soft cervical collar. (c) Rigid cervical collar.
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two weeks. When initially wearing the collar, the child’s neck could be properly straightened about 10-15
degrees, and the angle of the collar could be adjusted. Parents were advised that they could gradually adjust
the neck brace every 3-5 days until the child’s neck returned to a neutral position. Clinical symptoms and
radiographs could be re-examined in the outpatient department every week. The duration of wearing the
collar was typically 1 to 4 weeks.

Data collection and outcome indicators

Data collected from the patients included age, sex, cause of disease, Fielding type, time from onset to the treatment,
follow-up time, duration of treatment, complications, and treatment outcome. According to the Regulations for
the Diagnosis and Therapeutic Efficacy of Traditional Chinese Medicine in the Industry Standards of Traditional
Chinese Medicine of the People’s Republic of China (ISTPRC), the treatment outcome criteria were as follows!!:

1) Excellent: Clinical symptoms disappear and radiographs show a central position of the odontoid process.
VBLADS is 0.

2) Good: Clinical symptoms disappear and the radiographs show asymmetry of the odontoid process, but
VBLADS <2 mm.

3) Fine: Clinical symptoms disappear or significantly alleviate and radiographs show asymmetry of the odon-
toid process, but the VBLADS value is greater than or equal to 2 mm.

4) Poor: No obvious improvement in clinical symptoms and in radiographic images. Excellent, good, and fine
were defined as a successful treatment at the end of treatment.

Outcome indicators also included (outcomes with measurements were evaluated by two orthopaedists
independently and the average measurement was used for statistical analysis):

1. VBLADS (Fig. 2a, b, d and e): Pre-treatment, post-treatment, and radiographs such as CT or X-ray were
conducted to measure the difference (absolute value) in the distance between the midpoint of the odontoid
process and the bilateral masses of the atlas vertebra.

2. ADI (Fig. 2¢c and f): Pre-treatment, post-treatment, imaging tests such as CT or X-ray were conducted. On
sagittal scan, a horizontal line was drawn between the posterior arch of the atlas and the anterior edge of the
dens, measuring the maximum distance between these two lines, which represents the distance between the
posterior arch of the atlas and the anterior edge of the dens.

3. A more commonly used cervical spondylosis scoring tables for adults consists of the cervical vertebrae Japa-
nese Orthopaedic Association Score!?. We found that this score was not very suitable for children with AARS
and did not find any other suitable evaluation criteria. Based on the clinical characteristics of children with
AARS, we designed a scoring scale ourselves and measured it at the last follow-up. Our scoring scale, the
Zhengzhou Cervical Vertebrae Scoring Scale (ZCVSS) in Table 1, consisted of appearance (25 points), pain
(30 points), range of motion (25 points), neurological symptoms (10 points) and poor habitual neck move-
ments (15 points). Higher scores out of 100 indicated better neck function and scores were categorized into
excellent (90-100), good (75-89), fair (60-74), and poor (0-59).

Statistical analysis

The Shapiro-Wilk test was used to determine the normality of the data. Non-parametric results were analyzed
using the Kruskal-Wallis test by ranks. The Dunn’s test was used to conduct pairwise multiple comparisons based
on rank sums upon rejection of the null hypothesis from the Kruskal-Wallis test. Categorical data was assessed
using the Chi-square test upon confirming that the data satisfied the appropriate assumptions. In cases where the
Chi-square assumptions were not met, bootstrapping was used with 1000 samples and a confidence level of 95%.
Ordinal regression was used for a subgroup analysis to determine whether age, sex, type, treatment type, and
severity of initial injury (ADI, VBLADS) had an effect on the treatment outcome (poor, fine, good, excellent).
The data was analyzed in Graphpad Prism 9.0 or SPSS Statistics 22.

Results

Patient characteristics

Baseline characteristics are listed in Table 2. The Glisson traction group consisted of 22 males and 15 females
with a mean age of 5.12+1.66 years old (range: 3.1-10.3 years old), mean time from onset of symptom to
treatment of 4.56 +3.17 days (range, 1-13 days). The soft cervical collar group consisted of 31 males and 24
females with a mean age of 4.95+1.72 years old (range: 3-11 years old), mean time from onset of symptom to
treatment of 3.91+2.90 days (range: 1-13 days). The rigid cervical collar group consisted of 30 males and 22
females with a mean age of 5.32 + 1.54 years old (range: 3.3-11 years old), mean time from onset of symptom to
treatment of 3.83 +3.03 days (range: 1-14 days). The Glisson traction group had 32 (86.5%) and 5 (13.5%) cases
of Fielding classification type I and II, respectively. The soft cervical collar group had 47 (85.5%) and 8 (14.5%)
cases of Fielding classification type I and II, respectively. The rigid cervical collar group had 43 (82.7%) and 9
(17.3%) cases of Fielding classification type I and II, respectively. There were no significant differences between
baseline characteristics among the three groups (P> 0.05). Ordinal regression showed no relationship between
age, sex, type, treatment type, and severity of initial injury when compared to treatment outcomes. The model
predicted that all cases had successful outcomes, thus yielding false positives in unsuccessful cases.

Radiological results
Radiological results are displayed in Table 3. The VBLADS at the end of treatment for the Glisson traction, soft
cervical collar and rigid cervical collar group was 0.61 +0.81 (range: 0-2.5 mm), 0.97 + 1.11 (range: 0-3.2 mm),
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Figure 2. Cervical spine CT scans of a six-year-old boy with AARS. (a-c) Prior to treatment, CT scans showed
that VBLADS was 3.2 mm and ADI was 2.9 mm. (d-f) After treatment, CT scans showed that VBLADS
decreased to 0.1 mm and ADI remained at 2.9 mm.

0.67 +0.97 (range: 0-3.6 mm), respectively. The ADI at the end of treatment for the Glisson traction, soft cervical
collar and rigid cervical collar group was 2.53 +0.57 (range: 1.5-4.0 mm), 2.63+0.40 (range: 1.7-4.3 mm),
2.68+0.51 (range: 1.5-4.2 mm), respectively. One-way ANOVA showed no significant differences between the
three groups (P> 0.05).

Clinical outcomes

At the end of treatment, according to the Industry Standards of Traditional Chinese Medicine of the People’s
Republic of China. The Glisson traction group had 18 excellent, 15 good, 2 fair outcomes, and 2 poor outcomes,
with an overall success rate of 94.59%. The soft cervical collar group had 21 excellent, 21 good, 4 fair, and 9 poor
outcomes, with an overall success rate of 83.64%. The rigid cervical collar group had 23 excellent, 20 good, 5 fair,
and 4 poor outcomes, with an overall success rate of 92.31%. There were no significant differences in success rate
among the three groups.

In the Glisson traction group, one of the two patients who did not improve after traction was transferred
to a superior hospital and received screw fixation surgery. The other patient went to a hospital of traditional
Chinese medicine and underwent manual reduction. Eight of the thirteen patients with poor outcomes and two
patients with fair outcomes in the soft and rigid collar groups were admitted in our hospital and received Glisson
traction therapy. Among these patients, eight showed improvement. The remaining patients with poor outcomes
underwent manual reduction based on traditional Chinese medicine or surgery. There was one recurrence in
each of the Glisson traction and soft collar group, both of whom were immobilized with a rigid collar, upon
which they later showed improvement.

At the last follow-up, our scoring scale for the Glisson traction, soft collar and rigid collar groups were
95.95+6.11 (range: 75-100), 94.63 + 6.30 (range: 75-100), 95.00 + 6.02 (range: 70-100), respectively. There were
no significant differences in the scores between the three groups (P> 0.05). Jittered box and whisker plots for
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Neck in natural posture 20
Slanted < 10° 15
Appearance
10-20° 10
>20° 0
Neck movement has no restrictions 25
Restricted < 10° 15
Movement
10-20° 10
>20° 0
No pain 30
Mild pain or tenderness during activity 20
Pain Moderate pain or significant tenderness during activity | 10
Occasional pain at rest 5
Frequent pain at rest or severe pain during activity 0
No neurological symptoms 10
Neurological symptoms Dizziness or headache 5
Neurological symptoms of limbs 0
No 15
Poor habitual neck movement
Yes 0

Table 1. Zhengzhou cervical vertebrae scoring scale. Higher scores out of 100 indicate better elbow function
and the scores are categorized into excellent (90-100), good (75-89), fair (60-74), and poor (0-59).

Glisson traction (n=37) | Soft Collar (n=>55) | Rigid Collar (n=52) | P-value®®
Male/female (n, %) 22/15 (59.5/40.5) 31/24 (56.4/43.6) 30/22 (57.7/42.3) 0.958
Age (years) 5.12+1.66 4.95+1.72 532+1.54 0.224
Cause of disease
Minor trauma 21 30 28
Inflammation 6 7 10 0889
Unknown 10 18 14
Fielding Type I (n, %) 32 (86.5) 47 (85.5) 43 (82.7) 0.871
Fielding Type II (n, %) 5(13.5) 8(14.5) 9(17.3)
Time from onset to treatment (days) | 4.56 +3.17 3.91+2.90 3.83+3.03 0.368
Treatment duration (days) 13.70+8.01 10.85+3.88 14.77 +6.21 0.0016

Table 2. Clinical characteristics and treatment parameters of AARS patients. *All numerical data were non-
parametric and analyzed using the Kruskal-Wallis test by ranks; "Categorical data was assessed using the
Chi-square test.

VBLADS, ADI, overall score (ZCVSS) and duration of treatment are shown in Fig. 3 with 10-90 percentiles at
the whiskers and 25-75 percentiles at the boxes.

Discussion

Although it has been shown that most pediatric cases of AARS can be successfully treated by conservative
therapy, there is a paucity of literature and less consensus regarding the optimal management of AARS in this
age group. To the best of our knowledge, this is the first study in literature that directly compares three different
conservative therapies in patients with AARS.

In this study, the vast majority of patients corresponded to Fielding and Hawkins type I AARS. Similar
distributions were documented in other published studies>>®!3, Neal et al. (2015) noted that most cases of AARS
seen in children would correspond to Fielding and Hawkins type I°. The authors also rationalized that the term
AARS was more suitable for cases involving Fielding and Hawkins type I and II, whereas the much more severe
types III and IV can be categorized as distinct entities from AARS and considered to be major cervical spine
dislocations.

A total of 144 cases of AARS children were included in this study. Conservative treatments including traction,
soft cervical collar, and rigid cervical collar were applied. All three groups of patients achieved good therapeutic
effects, with overall success rates of 94.59%, 83.64% and 92.31%, respectively. The success rates of Groups A and
C were higher than that of Group B, however, these differences were not statistically significant. Shimazaki et al.
(2020) conducted a study to investigate the ideal primary treatment for AARS, examining the efficacy of traction
and cervical collars®. Their success rate (97.3%) in the use of traction was similar to the success rate (94.59%)
observed in our study. The authors did not analyze the underlying reasons for their high rate of success when
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Glisson Traction (n=37) | Soft Collar (n=55) | Rigid Collar (n=>52) | P-value®
VBLADS (mm)
Pre-treatment 3.04+1.20 3.11+1.04 2.98+0.99 0.727
Post-treatment 0.61+0.81 097+1.11 0.67+0.97 0.207
ADI (mm)
Pre-treatment 2.76+0.67 2.82+0.61 2.86+0.58 0.706
Post-treatment 2.53+0.57 2.63+0.40 2.68+0.51 0.648
ISTPRC
Excellent 18 21 23
Good 15 21 20 0.640°
Fair 2 4 5
Poor 2 9 4
Success rate 94.59 83.64 92.31 0.271>¢
Zhengzhou Cervical Vertebrae Scoring Scale | 95.95+6.11 94.63 +£6.30 95.00+6.02 0.411

Table 3. Radiographic and clinical results of patients having undergone treatment for AARS. *All numerical
data were non-parametric and analyzed using the Kruskal-Wallis test by ranks; ®Categorical data was assessed
using a bootstrap Chi-square test; “Categorical comparison of poor outcomes to successful outcomes (fair,
poor and excellent); Abbreviations: ADI - Atlantodental Interval, ISTPRC - Industry Standards of Traditional
Chinese Medicine of the People’s Republic of China, VBLADS - variance of bilateral lateral atlantodental space.
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using traction, but we noticed some commonalities between our studies. First, all of our patients consisted of
Fielding and Hawkins Type I and Type II, with the majority being Type I. Second, for both groups undergoing
traction therapy, continuous traction was preferentially used instead of partial or intermittent traction on a daily
basis.

Glisson traction is considered a highly successful and useful conservative therapy for AARS. However,
its popularity may be in part due to a lack of researchers attempting to explain the treatment mechanism of
atlantoaxial subluxation using cervical collars, leading to clinicians opting to use Glisson traction. Yet, in the
clinical practice, there is a higher level of difficulty in using Glisson traction compared to a cervical collar.
Glisson traction requires the child to maintain continuous traction in order to stabilize the cervical spine as
much as possible. This condition can be nonideal due to various difficulties. Children who have poor compliance
with traction commonly exhibit frequent left and right movements of the neck. Additionally, daily activities such
as eating or using restroom often interrupts the traction treatment, which to some extent, affects its effectiveness
and causes anxiety among the child’s parents. Due to the need for hospitalization during traction therapy, parents
also need to take time off their work to accompany the child. Parents also often worry about traction therapy
being interrupted by the child dining or using restroom, which may affect the treatment’s effectiveness, thereby
causing anxiety.

Several studies have supported the use of cervical collars as a safe and effective means of treating AARS>*15,
Beier et al. (2012) reported 21 out of 22 patients with acute AARS who achieved good reduction using
conservative treatment with a collar'*. Shimazaki’s study found that 88 patients had wore cervical collars as an
initial treatment and demonstrated that the success rate was 68.2%?. Despite the relatively low success rate, the
remaining 28 patients who had poor outcomes with a cervical collar were then transitioned to Glisson traction
and 27 of these patients showed improvement. The authors thus believed that cervical collar fixation while
monitoring the patient’s progress can be considered as an initial treatment for AARS, especially for patients with
Fielding classification type I at an early stage after onset.

However, the choice between a soft or rigid cervical collar still remains unclear. To our knowledge, only one
previous study attempted to evaluate the efficacy of different cervical immobilization devices. Ciaran et al. (2021)
observed 33 AARS cases with an average delay time of 2 months after the onset of symptoms, where 19 of their
patients were treated with a rigid collar and 14 patients were treated with halo-body orthosis’. Although no
statistically significant differences were found, the authors believed that immobilization with a rigid collar after
manipulation under anaesthesia was a reasonable treatment option.

In our study, the success rates in using soft or rigid cervical collars were 83.64% and 92.31%, respectively.
Rigid cervical collars appear to have a higher success rate than soft collars, however, there was no statistically
significant difference in the success rates between the two types of cervical collars. One possible reason for this
circumstance may be due to a small sample size. Additionally, based on our experience using these two collars,
we noticed some differences between the use of soft and rigid collars. The material of the soft collar is relatively
soft, and its coverage area is just around the neck. Its main function when worn is to support the head, which
has a limited effect on immobilizing the neck. Children tend to be more active when they are not in pain. Thus,
after wearing the collar for a few days and experiencing reduced pain, the children tended to start moving their
necks. This activity may affect the effectiveness of the collar, leading to a decreased success rate. In contrast, a
rigid collar provides firm immobilization and restricts the movement of the child’s neck, which might be helpful
for the gradual reduction of AARS. In addition, we have also made some exploration on the wearing time of the
collars. In our department, hospitalization and traction treatment were generally recommended for children
who did not show improvement after wearing the soft collar for two weeks. Whereas for children wearing the
rigid collar, it was often advised to continue wearing it, even up to more than a month.

Our study has several limitations. First, it was a retrospective, cohort study. Second, when the patient was
initially diagnosed, we used CT scans whereas for post-treatment and follow-up examinations, we usually
used open-mouth X-rays. Due to radiation concerns, most parents were unwilling to undergo CT scans
at the end of treatment. The inconsistency between these two imaging techniques may have an impact on
our imaging results. Future works that use consistent imaging methods, preferably CT scans, may be more
accurate for measuring baseline and post-treatment outcomes. Third, we set the imaging criteria for the
diagnosis of AARS as VBLADS >2 mm, whereas some studies have set this threshold to be VBLADS > 1 mm or
VBLADS > 2.2mm!%". Similar to the controversies surrounding the nomenclature, pathogenesis and treatment
of AARS*>?, there is still no gold standard for the diagnostic imaging criteria. Multiple studies have shown that
there are variations in the Lateral Atlanto-Dental Space (LADS) among normal populations'®-22, with some
researchers suggesting a prevalence of up to 56%22 Moreover, from an anatomical perspective, the structure of
the atlas and axis resembles a bearing with an elliptical housing for a circular shaft. When the head deviates to
one side, physiological asymmetry of LADS can exist, further increasing the uncertainty of imaging diagnostic
criteria. Considering that the atlantoaxial joint is the most flexible joint of the body, pediatric cervical vertebra
and its surrounding ligaments are still developing and need to support a relatively larger and heavier head
compared to the body. Under these circumstances, we probably should not be overly concerned with what the
exact value of VBLADS is considered normal or abnormal in imaging. The diagnosis of AARS should be decided
by combining the patient’s medical history and physical examination along with medical imaging that shows
unequal VBLADS. From this perspective, we agree with Pang and Li’s (2004) viewpoint that any departure from
the normal rotational relationship of the atlantoaxial complex is defined as AARS?.

In conclusion, Glisson traction and cervical collars are both suitable conservative therapies for the treatment
of children with acute AARS. Successful treatment of AARS was achieved using Glisson traction (94.59%,
35/37), soft cervical collars (83.64%, 46/55), and rigid cervical collars (92.31%, 48/52). Our scoring scale at the
last follow-up, also yielded excellent mean results for the use of Glisson traction (95.95+6.11), soft cervical
collars (94.64 +6.30) and rigid cervical collars (95.00+6.02). We recommend the use of cervical collars as an
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initial treatment option since it does not require the child to be hospitalized. Rigid (skull-neck-thorax orthoses)
cervical collars could be a more preferential for immobilization and can possibly lead to better clinical results
given that it had a 9% higher success rate compared to soft collars, albeit the different was not statistically
significant. Future works should consist of prospective randomized controlled trials with a larger sample size
that analyzes the difference between cervical collars and traction for the treatment of AARS.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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