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ABSTRACT

Coccydynia can be attributed to various factors, including fractures, subluxations, and hypermobility within the
sacrococcygeal area. Current treatment options often fall short in effectiveness. Coccygeoplasty (CP) represents a
relatively recent, minimally invasive approach that aims to tackle this challenging clinical issue. The aim of this study is
to evaluate clinical outcomes immediately following the procedure and at 3- and 12-month follow-ups for patients
suffering from coccydynia linked to coccygeal hypermobility and subluxation. Furthermore, we seek to assess any
correlations between imaging results and clinical outcomes at the follow-up intervals. A prospectively maintained
database was used to retrospectively assess all patients who received CP for chronic coccydynia from January 2005 until
December 2023. Each participant exhibited painful hypermobility (greater than 25°) with anterior flexion verified through
radiological assessments. Alternative coccydynia causes were ruled out using CT and MRI imaging techniques.
Procedures were conducted under local anesthesia with a combination of fluoroscopic and CT guidance. Clinical
assessments were performed at 3- and 12-months post-treatment utilizing the Visual Analogue Scale (VAS). A total of 19
patients underwent treatment at a single center. There were no complications linked to the procedures. At both the 3- and
12-months post-treatment, 75% of patients reported substantial reduction in VAS scores compared to baseline, with
average reductions of 3.5 and 4.9, respectively. No instances of pain recurrence were noted at the 12-month follow-up,
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although one patient did not experience any pain alleviation. Post-treatment CT scans confirmed the fusion of
sacrococcygeal segments in 14 patients, yet no significant correlation was identified between the imaging outcomes and
clinical results (p=0.1). Patients suffering from chronic coccygeal pain due to subluxation and hypermobility exhibited
positive clinical outcomes following CP, as evidenced at both the 3- and 12-month evaluations. Additional research is
warranted to validate this technique further and identify factors that predict treatment success. Coccygeoplasty may serve
as a viable alternative to coccygectomy.

KEYWORDS: coccydynia, coccyx, pain, fractures, subluxations, hypermobility
INTRODUCTION

The coccyx, often described as an inverted triangular structure at the base of the spine, typically comprises three
to five fused segments (1). The joint connecting the sacrum and coccyx features an interposed fibrocartilage and synovial
membrane that permits enhanced mobility under certain conditions, such as during pregnancy (2). Since its initial
description by Simpson in 1859, coccydynia has been characterized as pain localized to the coccyx area without
significant radiating discomfort. Pain that endures for more than two months is classified as chronic (3). Women between
the ages of 30 and 40 are the most prevalent demographic affected, thought to be due to their anatomical configuration
making the coccyx more vulnerable to injuries (4-6).

The spectrum of potential causes for coccydynia includes trauma, especially falls while seated, as well as
repetitively induced microtrauma from activities like cycling, motorcycling, or horseback riding (6, 7).

Management options for coccydynia encompass conservative approaches as well as traditional surgical
interventions. Conservative methods for alleviating pain include physiotherapy techniques, such as pelvic relaxation
massage using supportive sitting aids like a donut pillow, non-steroidal anti-inflammatory medications, and warm baths.
Additionally, techniques such as intrarectal manipulation of the coccyx and fluoroscopically guided steroid injections
may be utilized. Although not employed in the patients discussed in this case series, more invasive conservative treatments
are available, including radiofrequency ablation of the coccygeal discs and Walther’s ganglion. In instances of chronic
pain, a surgical procedure to remove the coccyx, referred to as coccygectomy, may be indicated (5-17).

Coccygeoplasty (CP), a technique inspired by vertebral augmentation methods, has recently emerged as a
therapeutic option. This involved the percutaneous injection of polymethylmethacrylate (PMMA) cement into the
sacrococcygeal segments. Although still rare, the limited literature available consists of reports discussing its application.
The procedure aims to provide stability in cases where hypermobility or subluxation contributes to coccygeal pain (18-
21).

The aim of this study is to present clinical outcomes at the procedure's initiation and follow-up periods of 3 and
12 months for individuals diagnosed with coccydynia resulting from subluxation and coccygeal hypermobility. It also
aims to evaluate any associations between the imaging findings and clinical outcomes observed during the follow-ups.

MATERIALS AND METHODS

Eligible patients who underwent coccygeoplasty at a single center from January 2005 to December 2023 were
selected based on a meticulously maintained database. This study included adult individuals over 18 years old with chronic
painful coccygeal subluxation and hypermobility, defined as a greater than 25° difference between standing and seated
X-ray imaging. Patients experienced pain localized to the coccyx region, which was resistant to conservative treatments
for at least six months and led to significant functional impairment (22). All participants exhibited hypermobility and
subluxation, which was evident on CT or dynamic radiographs of the sacrococcygeal region taken in both seated (painful)
and standing positions. Subluxation and hypermobility of the coccyx were characterized by flexion exceeding 25° and
luxation indicated by more than 25% displacement. Additionally, an MRI was conducted for surgical planning and to
exclude other conditions in the sacrococcygeal region that could mimic coccygeal symptoms (Fig. 1).
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Fig. 1. MR before treatment documenting fracture-dislocation of the body of the second coccygeal vertebra (arrow).

MRI scans were performed on a 1.5T machine, acquiring sagittal and axial TISE and T2STIR images without
contrast. Pre-treatment spiral CT scans were obtained at 1 mm intervals, with both 2D and 3D sagittal and coronal
reconstructions, to facilitate procedure preparation. Post-treatment scans were conducted under the same parameters to
evaluate outcomes, including the degree of fusion, cement filling of sacrococcygeal segments, and any cement leakage.
Clinically, outcomes were assessed using the Visual Analogue Scale (VAS) prior to the intervention. This clinical study
adhered to European Union privacy regulations and received approval from the hospital's ethics board.

Coccygeoplasty Procedure

All participants provided informed consent prior to the procedure. Patients were positioned prone on the CT
table. Initially, a spiral CT study was performed to determine the appropriate angulation for the working needle. Although
pre-procedure dynamic studies indicated hypermobility in the target area, once positioned prone, no patient demonstrated
angulation exceeding 25°. A single Jamshidi-type needle was inserted along the midline, from the S4 level through to the
COCCYX.

The procedure was conducted under local anesthesia using lidocaine 2% as the sole agent, with no sedation or
general anesthesia involved. Continuous monitoring of blood pressure, pulse oximetry, and heart rate was performed
throughout the intervention. Antibiotics (1 gram of cefazolin) were administered approximately one hour before the
procedure and continued for two days at 12-hour intervals. The procedure took place in a hybrid operating room utilizing
a C-arm and CT combination for monitoring (20, 23, 24). A 13-gauge beveled trocar and high-density cement were used
for all patients. The needle was introduced through the mid-axis of the sacrum towards the coccyx, and PMMA was
injected while gently withdrawing the needle to fill both the coccyx and the caudal sacrum. The foramina was avoided
due to the medial placement of the needle. Cement injection was carried out under C-arm fluoroscopy. A follow-up CT
scan with 2D reconstruction was obtained immediately after the procedure (Fig. 2-5).
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Fig. 2. CT control: coccygeoplasty was performed with one needle along the midline, from the level of S4, passing through
the coccyx.

Fig. 3. CT control axial view (arrow).
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Fig. 4. Spiral CT, sagittal reconstruction of control of the distribution of medical cement (arrows).

Fig. 5. CT spiral, coronal reconstruction to control the distribution of medical cement (arrows).
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According to institutional protocol, patients were monitored in the hospital for 48 hours post-procedure and were
permitted to ambulate four hours following the intervention. No complications were observed during this period.

Follow-Up

Patients were discharged two days following their procedure, with no subsequent antibiotic treatments required.
Clinical outcomes were documented upon discharge, with follow-up evaluations scheduled for 3 and 12 months afterward,
assessing patient satisfaction alongside VAS scores. A clinical success was defined by a decrease of at least 2 cm in the
VAS scores.

Statistical analysis
Descriptive analyses and comparisons between final imaging findings and clinical outcomes at the 3- and 12-
month follow-ups employed SPSS software, specifically utilizing the chi-square test for correlation analysis.

RESULTS

Baseline characteristics

The cohort comprised 16 women and 3 men, averaging 47 years of age. Preoperative MRI scans revealed no
alternative pathological findings. Each patient had previously engaged in conservative management strategies, including
non-steroidal anti-inflammatory medications, with no clinical improvement. Additionally, out of the 19 patients, 13 had
undergone prior steroid injections targeting the pudendal plexus, while all had received intrarectal coccygeal manipulation
treatments. None had undergone radiofrequency interventions.

Technical findings

Of the patients, 14 achieved complete fusion of sacrococcygeal segments post-procedure, while 5 exhibited
incomplete fusion. PMMA had filled all sacrococcygeal segments, and there were instances of cement leakage into
surrounding areas in 3 individuals, but none into the central spinal canal; these leakages were deemed asymptomatic.

Clinical outcomes

Patients experienced a marked decrease in VAS scores at the 3-month (mean score reduced from 7.5 to 4.0) and
12-month follow-ups (mean score reduced to 2.6). The average changes in VAS scores were —3.5 and —4.9, respectively.
Of the 19 patients, 75% experienced clinical success with a reduction greater than 2. At the one-year mark, 4 patients
reported varying levels of coccygeal discomfort, with one patient experiencing no pain relief and three others achieving
minimal changes below the predetermined threshold at either follow-up.

Analysis identified no meaningful correlation between technical radiographic outcomes and clinical results

(p=0.1).
DISCUSSION

This preliminary study suggests that coccygeoplasty serves as a feasible treatment modality for individuals
suffering from refractory coccydynia due to subluxation and hypermobility. The absence of complications further
underscores the procedure's safety. In this patient group, there was a significant majority who reported notable pain
alleviation, indicating the procedure's potential effectiveness. With additional research, coccygeoplasty has the potential
to become a credible alternative to coccygectomy.

The proper selection of patients is essential for successful outcomes in coccydynia cases. Here, the focus was on
individuals enduring chronic pain for over six months, presenting clear evidence of subluxation and hypermobility
through dynamic imaging. Historical data reflects that a sizeable percentage of those with coccydynia exhibit signs of
subluxation or hypermobility as contributing factors.

The role of MRI in this context remains somewhat ambiguous; it primarily assists in excluding other potential
pathologies rather than providing definitive insights into typical coccygeal conditions (25-28).

Percutaneous vertebroplasty techniques, originally introduced in the late 1980s (28), are currently regarded as
the standard practice for managing certain types of vertebral compression fractures. Drawing parallels between these

procedures, CP aims to provide stabilization in cases of hypermobility or subluxation, which in turn may alleviate pain
(29).
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The methodology described in this study diverges from prior reports on coccygeoplasty, utilizing a single-needle
approach that targets the sacrococcygeal axis directly. No complications were observed from this method, further
validating its safety in the absence of critical structures at the procedural site. CT imaging played a crucial role in securing
accurate needle placement (30-32).

In summary, the lack of symptomatic complications from the treatment suggests coccygeoplasty's suitability for
well-selected patients. While some individuals did not achieve the desired level of pain relief, they did not exhibit
worsening pain, affirming that the technique warrants consideration for those unresponsive to conservative treatments.

Coccygectomy, typically a last-resort measure, carries inherent risks and complications, including prolonged
pain, infections, and rare serious adverse effects. Thus, less invasive alternatives such as coccygeoplasty should be
considered prior to resorting to surgical interventions (33).

The study's limitations include its retrospective design, which may introduce biases. Although utilizing the VAS
as a measure of clinical improvement is widely recognized, additional validation for this specific context may be needed.
The fact that only a single, experienced practitioner conducted all procedures may raise questions about wider
applicability. Furthermore, the lengthy recruitment period of over 18 years for just 19 patients highlights challenges in

organizing such studies.
Despite these considerations, we advocate for the broader application of this approach, which could pave the
way for larger-scale studies in the future.

CONCLUSIONS

Findings from this preliminary experience suggest that coccygeoplasty is a promising treatment for patients
suffering from refractory coccydynia due to subluxation and hypermobility. Most patients reported meaningful pain relief
following the procedure. Further investigations are necessary to substantiate this technique and identify factors that may
influence treatment outcomes. Coccygeoplasty should be explored as a potential preference when considering
coccygectomy for patients experiencing this condition.
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