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Abstract 
Background: Osteoarthrosis of the lateral atlanto-axial joint (LAAJ) may be a cause of upper neck pain and headache. Intra-articular injection of 
steroids may provide only short-lasting relief. For intractable pain, arthrodesis of the joint might be considered.
Objective: To determine the success rates of arthrodesis of the lateral atlanto-axial joint for relieving neck pain and disability.

Design: Practice audit.

Setting: Private practice of senior author.

Subjects: Prospective series of 23 consecutive patients.

Methods: Outcomes were measured using a numerical rating scale for neck pain, and the Neck Disability Index for disability. Success rates 
were calculated for various degrees of improvement of neck pain at long-term follow-up (8–40 months), and for achieving various combinations 
of improvement of both neck pain and disability.
Results: Complete relief of pain was achieved in 40% of patients, with a further 40% achieving at least 50% relief. At long-term follow-up, 30% 
of patients had no neck pain and no disability, and a further 25% had only minimal pain, minimal disability, or both.
Conclusions: The present study did not corroborate earlier studies that claimed outstanding outcomes for arthrodesis of the LAAJ, but its out
comes are consonant with more recent studies that provided transparent outcome data. These studies provide Pain Physicians with empirical 
data on success rates and outcomes, upon which they can base their consideration of referral for arthrodesis.

Introduction
Pain from the lateral atlanto-axial joint (LAAJ) is one of sev
eral causes of cervicogenic headache.1,2 The pain is perceived 
in the upper neck and can be referred to the occiput, ear, ver
tex, and forehead.3 It is typically associated with suboccipital 
tenderness and aggravation by head rotation. However, none 
of these features, alone or in combination, is diagnostic of the 
source of pain1,2; and LAAJ pain can be misinterpreted as 
occipital neuralgia or migraine.4,5

Pain physicians may be accustomed to treating LAAJ pain 
with intra-articular injections of steroids6,7 or perhaps pulsed 
radiofrequency8; but these interventions may be only parti
ally effective, effective in only some patients, or effective for 
only a short time. For intractable pain, arthrodesis of the 
joint becomes an option that might be considered.1

In the surgery literature, osteoarthritis has been invoked as 
one of the possible causes of LAAJ pain.4,9,10 The prevalence 
of osteoarthritis of the LAAJ, as seen on radiographs, ranges 
from 5% in the sixth decade to 18% by the ninth decade,11

but it is not always symptomatic. Nevertheless, surgeons 
have been satisfied that, in patients with upper neck pain, the 
presence of osteoarthritis in a LAAJ is sufficient to establish 
that the affected joint is the source of pain.4,9,10 Diagnostic 
tests such as intra-articular blocks of the joint have not been 

embraced by surgeons, in any of the published literature on 
C1-2 arthrodesis.4,9–31

Although there is now a substantial body of literature on 
arthrodesis for LAAJ pain, most of it consists of case reports 
of one12–15 or fewer than 104,16–19 patients. Similar numbers 
have been reported in studies in which osteoarthritis was not 
the only indication for arthrodesis.20–23 Otherwise, several 
case series, covering between 9 and 79 patients, have pro
moted arthrodesis as an effective treatment.24–31

The case reports 12–23 and an early case series 24 reported 
that virtually all of their patients obtained long-lasting, com
plete relief of their pain after arthrodesis. Later case series were 
all supportive of the treatment but differed in their criteria for 
success. Some relied on patient satisfaction27,31 or the numbers 
of patients who became “pain-free or markedly improved”26

who “improved significantly,”25 or who obtained “substantial 
benefit.”28 Most of the case series27,28,30,31 measured neck 
pain or neck disability, but reported only group data.

Although group data might indicate that a treatment is effec
tive on average, they do not show how often the treatment is 
effective, or to what degree it is effective. That requires catego
rical data on success rates for various definitions of suc
cess.32,33 In the context of arthrodesis for LAAJ pain, this 
distinction is illustrated by the study of Fung et al.29
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These authors reported impressive changes in mean group 
scores. Pain improved from 9.4 to 2.9, and neck disability 
improved from 72 to 18.9. However, these authors also 
reported raw data on individual patients, from which catego
rical data can be calculated. These showed that only 26% of 
their patients obtained complete relief of pain, while 52% 
achieved only between 40% and 60% relief. So, improve
ments were not uniformly distributed.

Other studies have not been as transparent when reporting 
their outcomes. So it is difficult to determine from the litera
ture what the representative success rate of arthrodesis is for 
the treatment of painful osteoarthritis of the LAAJ.

When pain physicians encounter patients with LAAJ pain 
for whom their interventions do not provide lasting relief; 
they might be drawn to consider arthrodesis of the joint as a 
definitive treatment; but the surgery literature does not pro
vide them with a clear picture of the effectiveness of arthrode
sis. Therefore, the present study was undertaken to help 
clarify how often and how effective arthrodesis might be.

Methods
The study was conducted in the private practice of the senior 
author (R.F.). Data were collected prospectively on a series of 
23 consecutive patients treated by a single surgeon (R.F.) 
between 2007 and 2022. The Ethics Committee of the Hunter 
New England Health District certified that the study did not 
require ethics approval because it was a personal audit.

Included in the study were patients >18 years of age, with 
suboccipital neck pain, longer than 6 months in duration, 
resistant to conservative therapy, and associated with osteo
arthrosis of the ipsilateral LAAJ, manifest on computerised 
tomography scans of the upper cervical spine. The cardinal 
features for the diagnosis of osteoarthritis of the joint were 
loss of cartilage and joint space, subchondral sclerosis, and 
marginal osteophytes. Exclusion criteria for the study were 
instability, cancer, trauma, congenital malformations, or pre
vious atlanto-axial surgery.

All of the patients had previously attended a pain clinic where 
they underwent intra-articular injection of local anaesthetic and 
steroid, with various degrees of benefit. Instead of repeating 
conservative therapy, they elected to undergo surgery. Response 
to intra-articular steroids was not used as an indication for sur
gery, but it was noted for later, post hoc, analysis.

Using a posterior approach, the target joint was opened 
and curetted to allow packing with autologous bone graft, 
harvested from the C2 spinous process. The C2 nerve roots 
were preserved during the dissection. In the earliest patient 
treated, transarticular screws and posterior wiring were used 
to achieve fixation. In all subsequent patients, fixation was 
achieved using a polyaxial screw and rod construct 
(Figure 1). Screws were placed into the lateral mass of C1, 
and into the pars interarticularis of C2. In one patient a lami
nar screw was used because the pars interarticularis could 
not accommodate a screw.

After treatment, technical aspects of the surgery were 
monitored. Recorded were complications, adverse effects, 
need for revision, and if fusion was achieved. Radiographic 
evidence of fusion was evaluated on CT at least 6 months 
after surgery and was defined as bridging bone across the C1- 
2 joint (Figure 2).

Prior to surgery patients completed a Numerical Rating 
Scale (NRS) for pain.34,35 Disability was assessed using the 

Neck Disability Index (NDI).36 The latter was supplemented 
by an additional, ad hoc device, because the NDI relied on 
several items, such as driving, that might not be appropriate 
for the elderly population in the present study. The Roland- 
Morris Disability Questionnaire 37 was adapted by replacing 
“back pain” with “neck pain” in all items.

The NRS was graduated from 0 to 10, with higher scores 
representing more intense pain. The NDI is a patient- 
reported questionnaire that consists of 10 sections that evalu
ate aspects of neck function. Each section is rated out of 5 
points. The scores are aggregated to produce a total score of 
50, which can be converted to a percentage. Summary scores 
can be interpreted as: 0–8%, no disability; 10–28%, mild dis
ability; 30–48%, moderate disability; 50–68% severe disabil
ity; 70–100%, complete disability. The Roland-Morris 
Disability Questionnaire generates scores that range form 0 
to 24, with higher scores representing greater disability.

These same assessments were repeated at long-term follow- 
up. They were administered by the treating surgeon (R.F.) 
but completed independently by each patient. Patients were 
also asked if they would undergo the same surgery again in 
the same circumstances.

Group scores for neck pain and disability were determined 
by calculating the median value and interquartile range of 
each outcome measure before treatment and at long-term fol
low-up. These were compared using a Mann-Whitney test, 
because the data were not normal in distribution. The calcu
lations were performed using Minitab [https://minitab.com]. 
For each patient, the percentage improvement of pain was 
calculated as (change in NRS)/(original NRS) � 100%. These 
improvements were tallied to show the proportions of patient 
who achieved various degrees of improvement from 0 to 
100%.

Success rates were calculated in two ways. For relief of 
neck pain, success rates were inferred from the proportions 
of patients who achieved various degrees of success, ranging 
in 10% increments from 0% to 100%. For composite out
comes, an innovative device was used. A matrix was con
structed, in which the 11 rows represented pain scores at 
follow-up, ranging from 0 to 10; and the columns represented 
the 5 grades of disability on the NDI: no disability, mild dis
ability, moderate disability, severe disability, and complete 
disability. Into the cells of this matrix were entered the num
bers of patients who simultaneously achieved the final pain 
score and final disability score represented by each cell. From 
these numbers, success rates could be calculated for achieving 
given combinations of pain and disability.

Results
Arthrodesis was successfully completed in 23 patients. No revi
sion surgery was required. Fusion was achieved in all cases.

Complete data on outcomes were available for 20 of these 
patients (Table 1). They were 7 males and 13 females, with a 
median age of 71 years. Five of these patients were followed 
for between 6 months and 10 months, and 15 were followed 
for longer than 15 months, for a median value of 27 months 
with an interquartile range of 8–40 months.

Of the 3 other patients, one was lost to follow-up, and one 
died, of causes unrelated to the surgery, before a follow-up 
could be conducted. For the third patient, inception data 
could not be found, but she provided follow-up data. For 
lack of baseline data this patient was not included in the 
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calculation of group data and changes in outcome, but, along 
with the other patients lost to follow-up, she was later 
included in the calculation of success rates. Her follow-up 
data showed that she had not benefitted from the treatment.

The patients with complete data showed large improve
ments in scores for neck pain, neck disability index, and 
Roland Morris Disability Questionnaire (Table 2 and  
Figure 3). The effect-size for the change in neck pain was 2.2. 
For NDI it was 1.6, and for RMDQ it was 0.96.

At inception, neck pain and NDI were not significantly cor
related (R¼0.404, P¼ .78) but after treatment, improvement 
of disability was strongly correlated with relief of neck pain 
(R¼0.856, P¼ .000). Both before and after treatment, NDI 

and RMDQ were strongly correlated (R¼0.756, P¼ .000 
before, and R¼ 0.889, P¼ .000 after).

Improvements in neck pain, however, were not uniformly 
distributed between patients (Table 3). Only 40% of patients 
obtained complete relief of pain, but a further 40% obtained 
at least 50% relief of pain. For a worst-case analysis, these 
success rates for relief of pain should be discounted by 2% 
each, for the three patients for whom data were missing or 
who did not complete follow-up.

Table 4 summarises the data on composite outcomes. 
Thirty percent of patients had no pain and no disability at 
follow-up. A further 25% had only minimal or no pain and 
minimal or no disability. This Table also shows that complete 
or near complete relief of pain ensures minimal or no disabil
ity, but not vice versa. Of the 9 patients with mild disability 
at follow-up, 6 still had pain at intensities between 2 and 5.

Deeper insights can be gained by including into the format 
of Table 4 the scores for pain and disability at inception. 
Doing so allows the histories of individual patients to be fol
lowed. Figure 4 shows that 55% of patients had impressive 
improvements, meaning that they achieved minimal or no 
pain, along with minimal or no disability. A further 25% of 
patients showed substantial improvements, meaning that 
they achieved 50% reduction in pain scores or disability 
scores, or both. Only 15% had minimal improvements, and 
one patient was worse.

Five patients suffered complications. One patient suffered 
a myocardial infarction during surgery. She was transferred 
directly to an angiography suite, where she was revascular
ised. After a prolonged stay in hospital, she recovered and 
had no lasting effects attributable to the surgery.

A second patient developed a posterior reversible encephal
opathy syndrome. Although she recovered from this, it 
emerged that she had paraesthesiae in the occiput. A third 
patient also developed paraesthesiae in the occiput. A fourth 
patient reported worsening of their original pain, and the 
onset of a new, neuralgic pain in the occiput. These latter 
three cases imply injury to the C2 spinal nerve or one of its 
branches. A fifth patient incurred a laceration of the temple 
when being moved on the operation table and was left with 
dysaesthesia as a result of this.

Patients with apparent C2 nerve injury were investigated 
for complications such as adversely placed screws, but no 
such features were found; and surgical exploration was nei
ther indicated nor undertaken. The exact cause of the appa
rent nerve injury remains unknown, and symptoms have 
persisted in all affected patients.

Eighteen (90%) of the patients recorded that they would 
undergo the treatment again, which included the 2 patients 
with occipital dysaesthesia. Only the patient with the tempo
ral laceration and the one who developed new neuralgic pain 
said that they would not undergo the treatment again.

When compared with outcomes from surgery, no signifi
cant relationship was found with prior responses to intra- 
articular steroids. The v2 analysis could not be conducted 
because there were too many small numbers in the contin
gency table (Table 5). Although there was a trend for success 
rates to be higher in patients who previously responded to 
intra-articular steroids, half the patients who did not respond 
to intra-articular steroids nevertheless also had successful 
outcomes from surgery.

Figure 1. Lateral radiograph of cervical spine showing the polyaxial screw 
and rod construct used for arthrodesis of the lateral atlanto-axial joint.

Figure 2. Lateral computerized tomography scan of cervical spine 
showing bridging of bone across the lateral atlanto-axial joint after 
arthrodesis.
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Discussion
Painful osteoarthrosis of the lateral atlanto-axial joint is 
either not a common condition or is one not commonly 
referred to neurosurgeons. It is therefore difficult to collect 
large case series, which is why the present study—like most 
of the published case series—had a small sample.

Small studies can be compromised if too many patients 
are lost to follow-up, but this can be accommodated by 
undertaking a worst-case analysis. In the present study, the 
missing patients discount the observed success rates only by 

Figure 3. Histograms of the scores for neck pain and neck disability at inception and at follow-up, of 20 patients treated by arthrodesis of the lateral 
atlanto-axial joint.

Table 2. Outcome measures for neck pain, Neck Disability Index (NDI), 
and Roland Morris Disability Questionnaire, of patients 20 patients with 
osteoarthrosis of the lateral atlanto-axial joint, treated by arthrodesis.

Outcome Measure Inception Follow-up P-value

Neck pain Median 8 1 .0000
(0–10) IQR 6–9 0–5
NDI Median 39 10 .0000
(0–100) IQR 30–53 2–22
RMDQ Median 8 1 .0026
(0–24) IQR 5–32 0–8
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2% each, which is well within the 95% confidence intervals 
of the observed success rates.

The results of the present study did not corroborate the 
90% - 100% success rates reported in case reports and some 
case series. The present results are also difficult to compare 
with the results of other case series. Studies that relied on 
patient satisfaction claimed high success rates, such as 91% 
and 96%.27,31 This was echoed by a high satisfaction rate of 
90% in the present study; but the present study showed that 
despite satisfaction, several patients were not rendered free of 
pain or disability. Other studies reported good outcomes on 
the basis of reduced group scores for NDI; but as shown in 
the present study, improvement in NDI alone is not necessa
rily associated with reduction in pain, let alone its 
elimination.

The results of the present study closely resemble those of 
Fung et al.,29 which is the only other study to provide trans
parent, detailed data on multiple outcomes. Table 6 shows 
the concordance between the outcomes of the present study 
and those of Fung et al.,29 and a summary of the combined 
data. Because of the detailed data of these 2 studies we sug
gest that collectively they represent the best approximation of 
the true effectiveness of arthrodesis for painful osteoarthrosis 
of the LAAJ. They indicate to pain physicians what they can 

realistically expect if they refer their patients for this 
treatment.

Arthrodesis is not a panacea for painful LAAJ. Surgery 
does not offer the ultimate “fix” for all patients; but as 
shown in Figure 4, the majority of patients can expect an 
impressive improvement of both neck pain and disability. A 
smaller proportion can expect substantial but incomplete 
improvement.

Osteoarthrosis of the LAAJ is a condition for which there 
is no proven conservative therapy, and no other surgical 
alternative. Therefore, arthrodesis is worthy of consideration 
for patients with intractable pain. However, as with other 
surgical procedures for pain, a minority of patients may not 
benefit, or can be rendered worse.

Another serious consideration is that of complications or 
adverse events. Arthrodesis of the LAAJ carries general risks 
of surgery and specific risks of the procedure itself. General 
risks are those of having a general anaesthetic, haemorrhage, 
paralytic ileus, urinary tract infection, impaired wound heal
ing, and cardiovascular or cerebrovascular events. For 
arthrodesis of the LAAJ, the risks of cardiac and cerebrovas
cular complications are greater than average because so many 
patients are elderly. Complications of a generic nature were 
encountered in the present study and have been reported by 
others.4,30,31

Specific risks are misplacement of screws, non-union and 
pseudarthrosis, injury to the dura mater or vertebral artery, 
new pain, and injury to the C2 nerve, which runs behind the 
target joint. Dural tear, pseudarthrosis, and failure of fusion 
have been reported by others24,30,31 but were not encoun
tered by others. Onset of new pain and injury to the C2 nerve 
occurred in the present study, and have been reported by 
others.17,29,31

The specific nature of injury to the C2 nerve could not be 
determined in the present study; nor was it determined in 
previous studies that encountered it. The C2 dorsal root 
ganglion, the C2 spinal nerve, the C2 ventral ramus, and the 
C2 dorsal ramus all lie behind the LAAJ, and near to it. The 
greater occipital nerve is also behind the joint but more 
superficially. Any of these nerves can be injured when 
accessing the joint, for example by retraction or when stem
ming hemorrhage from the venous plexus that accompanies 
these nerves. If arthrodesis of the LAAJ becomes more pop
ular, perhaps surgeons might be more mindful of C2 nerve 

Table 3. Numbers, proportions, and cumulative proportions of patients 
who achieved various percentage improvements in scores for neck pain, 
after arthrodesis of a lateral atlanto-axial joint.

Change in Pain (%) Number Proportion Cumulative Proportion

100 8 0.40 0.40
90 1 0.05 0.45
80 2 0.10 0.55
70 1 0.05 0.60
60 1 0.05 0.65
50 3 0.15 0.80
40 0.00 0.80
30 2 0.10 0.90
20 1 0.05 0.95
10
0
Worse 1 0.05 0.05

The cumulative proportion indicates the proportion of patients who 
achieved either the improvement indicated in the corresponding row, or 
greater improvements.

Table 4. A matrix that shows the proportions of patients who, at follow-up, achieved the score for neck pain and also the score for disability that define 
each cell.

Neck Disability Index

0–8% 10–28% 30–48% 50–68% 70–100%
No Disability Mild Disability Moderate Disability Severe Disability Complete Disability

Neck Pain 0 0.30 0.10
1 0.10 0.05
2 0.05
3 0.10
4 0.05
5 0.15 0.05
6
7
8
9 0.05
10

The bold lines demarcate the cell for perfect outcome, and the cells for near perfect outcome.
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injury as a risk and develop methods by which to be more 
protective of the nerve.

With respect to the predictive value of intra-articular injec
tion of steroids, the present study was too small to reveal 

meaningful associations. However, the data reported might 
serve to guide planning the much larger study that would be 
needed to explore the predictive validity of either intra- 
articular injections of steroids, or controlled blocks using 
local anesthetic agents.

Funding
No funds were obtained or used for this study.
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Figure 4. The histories of individual patients treated by arthrodesis of the lateral atlanto-axial joint. Each line represents a patient. Each line starts in the 
cell that represents the combined scores of that patient for neck pain and neck disability and ends in the cell that represents their final combined scores. 
For clarity of display, the patients have been depicted separately in 4 groups: Those with impressive improvements, those with substantial 
improvements, those with minor improvements, and the one patient who became worse.

Table 5. The association between response to intra-articular (IA) steroids 
and outcomes of Surgery.

Response to
Outcome of Surgery

IA steroids Impressive Substantial Minor Worse

Relief 9 2 2 1
No relief 3 1 2 0
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Table 6. Comparison of the worst-case success rates for relief of neck pain of the present study with those of Fung et al29.

N
Outcomes for Percentage Relief of Neck Pain

Study Unknown Worse 0–50% 50% 60–90% 100%

Fung et al 23 0.00 0.17 0.09 0.48 0.26
Present 23 0.13 0.04 0.13 0.13 0.22 0.35
Combined 46 0.07 0.02 0.15 0.11 0.35 0.30
95% CI 0.00–0.14 0.00–0.06 0.05–0.25 0.02–0.20 0.21–0.49 0.17–0.47
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