
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Li et al. BMC Musculoskeletal Disorders          (2023) 24:667 
https://doi.org/10.1186/s12891-023-06798-9

BMC Musculoskeletal 
Disorders

*Correspondence:
Nai-Feng Tian
tiannaifeng@163.com
1Zhejiang Spine Research Center, Department of Spine Surgery, The 
Second Affiliated Hospital and Yuying, Children’s Hospital of Wenzhou 
Medical University, 109 Xueyuanxi Road, Wenzhou 325000, Zhejiang, 
China

Abstract
Purpose  This study aims to evaluate complications, clinical outcomes, and radiographic results following Coflex 
implantation.

Methods  We retrospectively studied 66 patients who had decompressive surgery combined with Coflex 
implantation to treat lumbar spinal stenosis. All imaging data were collected and examined for imaging changes. 
Clinical outcomes, included Oswestry Disability Index (ODI), back and leg visual analog scale (VAS) scores, were 
evaluated before surgery, six months after surgery and at the last follow-up. The number of complications occurring 
after five years of follow-up was counted. All reoperation cases were meticulously recorded.

Results  66 patients were followed up for 5–14 years. The VAS and ODI scores were significantly improved compared 
with baseline. Heterotopic Ossification (HO) was detectable in 59 (89.4%). 26 (39.4%) patients had osteolysis at the 
contact site of Coflex with the spinous process. Coflex loosening was detected in 39 (60%) patients. Spinous process 
anastomosis was found in 34 (51.5%) patients. There was a statistically significant difference in the VAS score of back 
pain between patients with and without spinous process anastomosis. Nine cases of lumbar spinal restenosis were 
observed, and prosthesis fracture was observed in one case.

Conclusion  Our study identified various imaging changes after Coflex implantation, and majority of them did not 
affect clinical outcomes. The majority of patients had HO, but osteolysis and Coflex loosening were relatively rare. 
The VAS score for back pain of these patients was higher if they have spinous process anastomosis. After five-year 
follow-up, we found lumbar spinal restenosis and prosthesis fracture cases.
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Introduction
Lumbar spinal stenosis (LSS) is a degenerative disease of 
the lumbar spine characterized by lower extremity pain 
or numbness, intermittent claudication, and reduced 
quality of life [1, 2]. If conservative treatment fails, sur-
gical interventions such as lumbar decompression and 
fusion are considered the standard therapies for manag-
ing LSS [3, 4]. However, fusion surgery has been asso-
ciated with various defects, including higher infection 
rate, bigger blood loss, longer hospital stays, and higher 
costs, etc. [5]. Interspinous process devices (IPDs) such 
as Coflex, X-Stop, and DIAM are designed and used to 
improve patient outcomes. IPD can keep the surgical 
segment dynamically stable and slows the rate of lumbar 
spine degeneration [6, 7].

Coflex, as an IPD, has curative effects in short- and 
medium-term follow-up [8]. Several studies, however, 
found that Coflex had a higher reoperation rate during 
follow-up than decompression with and without fusion 
[9, 10]. Furthermore, implanting Coflex in the human 
body may result in several unique complications such as 
spinous process fracture, prosthesis fracture, and device 
dislocation [11]. The diagnosis of these complications, 
and asymptomatic device failures, are often not deter-
mined solely by clinical symptoms but must be evaluated 
in conjunction with imaging studies. However, there are 
few long-term follow-up data after Coflex implantation. 
Currently, there is no literature describing long-term 
changes in Coflex, based primarily on imaging data. 
As a result, this study will provide detailed statistics on 
complications, long-term radiologic changes and clinical 
outcome following Coflex implantation, mainly based on 
imaging.

Materials and methods
Patient selection
Patients who underwent Coflex implantation to treat LSS 
at the Second Affiliated Hospital and Yuying Children’s 
Hospital of Wenzhou Medical University from Decem-
ber 2007 to December 2014 were included in the study. 
All these patients were followed up postoperatively for 

≥ five years after the implantation. All of these patients 
received conservative therapy for at least three months 
and showed no improvement in clinical symptoms. Imag-
ing studies such as static (anteroposterior and lateral) and 
dynamic (flexion and extension) radiography, CT scan, 
and MRI were used to confirm the diagnosis. Table  1 
shows the inclusion and exclusion criteria.

Surgical procedure
Patients were placed prone after general anesthesia was 
induced. Decompression and dynamic interspinous fixa-
tion were part of the procedure. A laminotomy, resection 
of the thickened ligamentum flavum, and an undercut-
ting facetectomy were used in the decompressive surgery. 
Herniation removal was performed simultaneously in 
patients with disc herniation. After the interspinous liga-
ment removal, an interspinous implant of the appropri-
ate size was inserted into the prepared space. The clips 
around the spinous processes were then tightened [12]. 
If not contraindicated, perioperative NSAIDs were pre-
scribed for two to four weeks. Postoperatively, patients 
were asked to return for a physical and imaging exami-
nation at three, six, and twelve months after surgery and 
every year after that.

Radiological and clinical assessment
Radiographs were taken preoperatively and immedi-
ately postoperatively, at three months, six months, 12 
months, and every year until the last follow-up. Hetero-
topic Ossification (HO) was classified according to cur-
rent classifications in the literature as follows: Grade 
0, no HO; Grade 1, with HO only in the lateral spinous 
process but not in the interspinous space; Grade 2, HO 
in the interspinous space (irrespective of the presence of 
Grade 1 HO), without bridging the adjacent spinous pro-
cess; and Grade 3, fusion of the interspinous processes 
[13]. The contact site osteolysis was visible as a translu-
cent shadow or spinous process on the plain X-ray film 
significantly smaller than the previous film. Coflex loos-
ening was defined as the significant separation of Coflex 
device from the spinous process on extension and flexion 
radiographs. Spinous process anastomosis was defined as 
the approximation of adjacent spinous processes with or 
without spinous process hypertrophy.

Clinical outcomes were evaluated before surgery, six 
months after surgery and at the last follow-up. Primary 
outcome measures included Visual Analogue Scale 
(VAS) and Owestry Disability Index (ODI). Complica-
tions mainly included long-term complications after five 
years of follow-up, excluding short- and medium-term 
complications within five years. The diagnostic criteria 
for lumbar spinal restenosis were as follows: (1) presence 
of neurogenic intermittent claudication and pain and/or 
numbness in the lower extremities with or without low 

Table 1  Summary of study inclusion and exclusion criteria
Criteria for Inclusion & Exclusion
inclusion
  clinical symptoms of leg or buttock pain w/ or w/o back pain
  CT & MRI confirmation of lumbar stenosis
  failed conservative treatment ≥ 3 months
  single level involved (L3–4, L4–5, L5–S1)

exclusion
  lumbar spondylolisthesis
  radiographic lumbar spinal instability
  spinal fracture, infection, deformity, tumor, or inflammatory 
spondylopathy
  concomitant serious diseases
  previous back surgery
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back pain; (2) Restenosis of the original surgical seg-
ment confirmed by MRI; and (3) a history of ineffec-
tive responses to pharmacotherapy for more than three 
months.

Statistical analysis
SPSS software, version 25 (SPSS, Inc., Chicago, IL, USA), 
was used for statistical analysis. Dichotomous outcomes 
were assessed using relative risk (RR) and independent t 
test.

Results
Based on inclusion and exclusion criteria, a total of 
66 patients (29 males and 37 females with a mean age 
of 62 years) were included. The patients’ height was 
165.1 ± 6.8  cm, their weight was 63.4 ± 9.1  kg, and their 
BMI was 23.2 ± 2.4  kg/m2. The mean operative time 
was 105.5 ± 28.9  min with a mean estimated blood 
loss of 165.8 ± 75.5 ml. The average follow-up period 
ranged from 5 to 14 years, and most patients’ follow-
ups became irregular after one year. The most common 

fixed segments were L4/5 (56/66). There was a significant 
decrease in VAS scores at six months and at the last fol-
low-up, compared to before surgery. In the 6-month fol-
low-up and at the last follow-up, ODI score significantly 
improved in comparison to preoperatively. Table 2 shows 
the clinical outcome data of the patients.

A total of 59 (89.4%) patients had HO. HO grades 
were as follows: seven patients with Grade 0 (10.6%), 12 
patients with Grade 1 (18.2%), 42 patients with Grade 
2 (63.6%), and five patients with Grade 3 (7.6%). ODI 
score did not differ significantly between high-grade HO 
(≥ Grade 2) and low-grade HO (< Grade 2) (P = 0.96). Dif-
ferent type of HO and spinous fusion are shown in Figs. 1 
and 2, respectively.

Osteolysis occured at the Coflex contact site with the 
spinous process in 26 (39.4%) patients. ODI score were 
not significantly different between patients with and 
without osteolysis (P = 0.68). Figure 3 demonstrates a case 
of severe osteolysis.

Coflex loosening was observed in 39 (60%) patients. 
The following was the specifics: Coflex loosening was 
found in the upper fixed-wing of eight (20.5%) patients; 
it was also found in the lower fixed-wing of 12 (30.8%) 
patients and both upper and lower fixed-wing of 19 
(48.7%) patients. There was no significant correlation 
between the Coflex loosening and the length of fol-
low-up. ODI score did not differ significantly between 
patients with and without Coflex loosening (P = 0.80). 
Figure 4 shows various types of Coflex loosening.

Only two patients had preoperative spinous process 
anastomosis, which was not relieved or even worsened 
during follow-up. Spinous process anastomosis was 
found in 34 (51.5%) patients at different time points dur-
ing follow-up. Among 34 patients with spinous process 
anastomosis, 20 (58.8%) had low back pain, while among 
the 32 patients without spinous process anastomosis, ten 
(31.2%) had low back pain. There was a statistically sig-
nificant difference in VAS score for back pain between 
patients with spinous process anastomosis and patients 

Table 2  Clinical outcomes
Scores P1 P2 P3

VAS low back pain < 0.001 < 0.001 0.13

Pre-surgery 5.94 ± 1.12

6 months after surgery 1.71 ± 1.05

Last follow-up 2.17 ± 1.45

VAS leg pain < 0.001 < 0.001 0.40

Pre-surgery 6.95 ± 1.60

6 months after surgery 1.58 ± 0.88

Last follow-up 1.89 ± 1.61

ODI < 0.001 < 0.001 0.32

Pre-surgery 61.97 ± 8.77

6 months after surgery 18.41 ± 4.05

Last follow-up 22.76 ± 13.60
P1: P value comparing pre-surgery and 6 months after surgery;

P2: P value comparing pre-surgery and final follow-up;

P3: P value comparing 6 months after surgery and final follow-up.

Fig. 1  Radiographs of five patients, lateral views. a: No HO. b-e: Various forms of HO in the interspinous space
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without spinous process anastomosis (P < 0.05). There 
was no significant difference in ODI scores between 
patients with spinous process anastomosis and patients 
without spinous process anastomosis (P = 0.90). Fig-
ure  5 shows the progression of the spinous process 
anastomosis.

Following a five-year follow-up, one case of device frac-
ture was found (Fig. 6), and nine patients (six males and 
three females) were identified as having lumbar spinal 

restenosis based on the criteria. Lower limb numbness 
in (six patients) was the most common clinical symptom 
in all patients with restenosis. Total five patients under-
went surgical treatment, whereas four patients received 
conservative treatment. The VAS and ODI scores of all 
patients who underwent reoperation were significantly 
improved compared with those before surgery (P < 0.05). 
Patients who accepted conservative treatments expe-
rience symptoms iteratively. Details of all reoperation 

Fig. 3  Radiographs of one patient, lateral views. a: Preoperative image. b: Postoperative image at one-year. c: Postoperative image at last follow-up. Ar-
rows indicate osteolysis

 

Fig. 2  Radiographs of one patient, lateral views. a: No HO seen immediately after surgery. b: Grade 1 HO seen at one year after surgery. c: Interspinous 
fusion at the final follow-up visit
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patients are listed in Table  3. Figure  7 shows a case of 
reoperation for lumbar spinal restenosis.

Fig. 6  Radiographs of one patient, postoperative image 14 years after surgery. Arrows indicates the fracture

 

Fig. 5  Radiographs of one patient, lateral views. a: Preoperative image. b: 
Postoperative image at one-year. c: Postoperative image at last follow-up. 
Arrows point out the gradually approaching adjacent spinous processes

 

Fig. 4  Radiographs of two patients, lateral and over-flexion views. Arrows 
point out the areas of Coflex loosening in over-flexion position
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Discussion
Coflex is a “U”-shaped titanium alloy device, usually 
placed between adjacent spinous processes following 
spinal canal decompression. It is designed to maintain 
the height of the nerve root spinal canal, reduce pres-
sure on the facet joints, and transition from rigid fusion 
to dynamic fixation while keeping the spine stable [14]. 
Coflex implantation has definite short and medium-
term benefits compared to traditional decompression 
and fusion surgeries in terms of a short operation time, 
less intraoperative bleeding, reduced trauma, and faster 
recovery [15]. However, Coflex also has limitations, such 
as a higher incidence of adverse events and device failure 
rates. Furthermore, there is a lack of long-term follow-
up and imaging data, and some unique imaging changes 
and complications have not yet been defined after Coflex 
implantation.

In this study, HO, a well-known adverse event, was 
identified as the most frequent imaging change. Tian et 
al. reported an 81.2% incidence of HO after implanting 
a Coflex device, which is the first study to determine the 
probability of HO [13]. Similarly, Haibo Lu et al. reported 
that the incidence of HO after Coflex device implantation 
was 42% over five years [16]. However, the incidence of 
HO after the implantation of a Coflex device was 89.4% 
in our study, which is higher than the previous reports. 
This is most likely due to the extended follow-up time. 
Although, according to ODI score, HO was not found to 
affect clinical outcomes, HO in the interspinous space can 
cause rigid fixation of the surgical segment, significantly 
reducing its range of motion [16]. This study found spi-
nous fusion in five patients, implying that Coflex’s origi-
nal purpose of long-term dynamic fixation has been lost 
in these patients. The leading cause of HO after Coflex 
implantation is unknown; According to the statistical 

Table 3  List of patients with Reoperation
Case no. Age at surgery Gender Reoperation interval(months) Fixation Segment Initial surgery Therapeutic strategies Outcomes
1 41 male 170 L5/S1 L5/S1, D&C L5/S1, D Cure

2 52 male 81 L4/5 L4/5, D&C L4/5, T Cure

3 54 male 127 L4/5 L4/5, D&C; L5/S1, D L4/5, D; L5/S1, T Cure

4 71 female 86 L4/5 L4/5, D&C; L5/S1, D L3-S1, D; L4/5, T Cure

5 75 male 79 L4/5 L4/5, D&C L5/S1, D Cure
D: decompression; D&C: decompression and coflex fixation; T: transforaminal lumbar interbody fusion (TLIF).

Fig. 7   A 52-year-old patient underwent decompression at L4-5 and Coflex fixation at L4-5 for low back pain and lower extremity pain (lumbar spinal 
stenosis). a-b and c taken preoperative and immediately after surgery respectively. 81 months after the first operation, the patient developed numbness 
in left hip and lower limb. The X-ray suggested Grade 1 HO and osteolysis at the contact site of the spinous process(d). The MR imaging showed L4-L5 
lumbar spinal restenosis(e). He underwent L4-5 TLIF. X ray (f ) taken immediately after reoperation. X ray (g) taken 51 months after reoperation
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analysis of previous literature, no patient-related or surgi-
cal-related factors causing HO after Coflex implantation 
have been found [16]. We believe that the hollow portion 
of the U-shaped structure of Coflex combined with the 
strong osteogenic potential of the spinous process may 
make it more susceptible to heterotopic bone ingrowth. 
It could also be related to aseptic inflammation caused by 
prolonged friction between Coflex and surrounding tis-
sues during daily activities.

Under X-rays, osteolysis at the contact site is visible 
as an intervening lucent zone between the Coflex and 
spinous processes. A previous study reported 47% oste-
olysis between the Coflex and the spinous process at the 
contact site [17]. In the present study, 39.4% of the cases 
had osteolysis, consistent with the previous findings. We 
also observed that all cases of osteolysis resulted in vary-
ing degrees of Coflex loosening. Additionally, we found 
two cases where the spinous processes were almost com-
pletely dissolved, leading to complete of Coflex loosen-
ing. The majority of osteolysis occurred at the interface 
between the Coflex and the spinous process, without 
causing significant damage or progression over time.

It was found that the probability of Coflex loosening 
is 60%. Previous research has reported Coflex loosen-
ing probability of 4.7–20.5% during long-term follow-up 
[18–21]. Our findings indicated a higher incidence of 
Coflex loosening and found no effect on clinical out-
comes. Most patients with mild loosening have no clini-
cal symptoms, and previous studies have primarily relied 
on evaluating clinical indicators. Many patients without 
obvious clinical symptoms are easily overlooked. Notably, 
that there is no significant correlation between loosening 
and follow-up time. We suspect that HO is partially inef-
fective in some cases. Severe HO, particularly around the 
upper or lower fixed wings, strengthens the connection 
between Coflex and the spinous process, allowing Coflex 
to play a fixed role. In addition, the higher incidence of 
Coflex loosening is of significant importance as it com-
promises the effectiveness of Coflex in limiting spinal 
flexion movement and affects its long-term dynamic sta-
bilization function. This provides valuable insights for the 
improvement of Coflex.

In the previous literature, spinous process anastomo-
sis was frequently described as Baastrup’s disease (BD). 
It is prevalent among middle-aged and older people with 
slow progression. It is characterized by hypertrophy of 
the spinous process as imaging features and often causes 
low back pain [22–24]. The lateral radiographs of the 
patients revealed that their spinous processes were con-
sistent with each other and had corresponding bone scle-
rosis. However, spine hypertrophy was found in only a 
few patients. Spinous process anastomosis was observed 
in 34 (51.5%) patients, 16 patients developed within one 

year of surgery, and the remaining patients developed at 
various follow-up times until the last follow-up.

We hypothesized that the postoperative spinous pro-
cess anastomosis results from the Coflex implantation 
that compresses the adjacent segment’s spinous process, 
causing them to fit. Furthermore, the collapse of the 
intervertebral space increased the range of motion of 
the index level and restoring lumbar spine curvature in 
the upright position will further fit the adjacent spinous 
processes, resulting in the emergence of spinous process 
anastomosis. According to previous research, the inci-
dence of BD in people over 70 years old is increasing. 
The incidence rate of BD in people over 80 years of age is 
81.3% [25]. Age and vertebral degeneration significantly 
affect the spinal process anastomosis, which is further 
complicated in the follow-up. The VAS score for back 
pain differed statistically significantly between patients 
with and without spinous process anastomosis. There-
fore, spinous process anastomosis might have affected 
the clinical outcome. Furthermore, spinous process anas-
tomosis may exaggerate vertebral degeneration such as 
spondylolisthesis, facet joint hypertrophy, and cystic 
lesion on the articulating surface.

The most common long-term complication and the 
leading cause of Coflex reoperation was lumbar spinal 
restenosis. We found that the primary causes of reste-
nosis were ligamentum flavum hypertrophy, scar hyper-
plasia, disc herniation, and articular process cohesion. 
Maida et al. found patients where large osteophytes 
intruded into the spinal canal and compressed the dural 
sac, resulting in recurrent LSS symptoms more than 
three years after surgery [26]. However, HO was not con-
firmed as a risk factor for restenosis in our study, and 
we also did not observe restenosis caused by osteophyte 
invasion of the spinal canal (RR: 0.94, 95% CI: 0.10–8.88). 
It could be due to the morphology of HO varies greatly, 
with only a few specific HO locations causing restenosis.

With a follow-up period of ≥ five years, we found only 
one case of device fracture and no spinous process frac-
tures or fixed-wing breakage. These complications were 
associated with surgical technique and bone density, 
commonly reported immediately after surgery. In the 
present study, a prosthesis fracture near the center of the 
Coflex U-shaped structure was observed more than ten 
years after surgery. We believe that this may be due to 
device defects and the patient’s long-term lumbar spine 
movement. However, such case is extremely rare. The 
overall durability and structural integrity of Coflex have 
been satisfactory during long-term follow-up.

Limitations
Our study has several limitations. First, it is a retrospec-
tive study with a limited number of participants. Few 
patients had irregular follow-ups one year after surgery, 
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making it difficult for us to monitor complications and 
imaging changes. Hence, larger sample sizes studies with 
regular long-term follow-up should be conducted. Sec-
ond, the factors influencing these imaging changes have 
not been thoroughly investigated.

Conclusion
Our study identified various imaging changes after 
Coflex implantation, and majority of them did not affect 
clinical outcomes. The majority of patients had HO, but 
osteolysis and Coflex loosening were relatively rare. The 
VAS score for back pain of these patients was higher if 
they have spinous process anastomosis. After five-year 
follow-up, we found lumbar spinal restenosis and pros-
thesis fracture cases.
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