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Abstract
Study design Systematic review.
Objectives The aim of this systematic review is to summarize the incidence of complications, to relate complication
incidence to procedures performed, to assess the impact of the year of study publication and follow-up duration on
complication incidence.
Methods The authors conducted the Cochrane Central Register of Controlled Trials, PubMed, and EMBASE searches for
relevant literatures. The incidence of complications was summarized. Correlation of the incidence with year of study
publications, follow-up duration, and the surgical outcome was statistically evaluated.
Results A total of 16 studies met our inclusion criteria, including 475 patients. All of these studies were retrospective case
series. The mean age of patients ranged from 55 to 64 years. Average follow-up duration ranged from 26 to 65 months.
Partial patients in four studies underwent surgeries and reserved posterior structure of the spinal canal. The others underwent
operations removing posterior structure of spinal canal. The mean recovery rate from each individual study varied between
31 and 68% and the pooled neurologic function recovery rate was 53% (95% CI: 43–62%). The mean complication rate was
24%. Cerebrospinal fluid leakage was the most reported postoperative complication (19%), then neurologic deterioration
(5%). Other complications included local infections, wound dehiscence, increased kyphotic deformity, an hematoma.
Conclusions Operations removing posterior structure of spinal canal are the main technique to decompress spinal cord.
Cerebrospinal fluid leakage and postoperative neurologic deterioration were the most reported complications.

Introduction

Ossification of the ligamentum flavum (OLF), which mainly
occurs at the lower thoracic spine, is a potential cause of
thoracic spinal canal stenosis and myelopathy [1]. This
ectopic ossification has a high prevalence in East Asian
populations, particularly in Chinese and Japanese popula-
tions [2, 3]. According to our previous epidemiological
study, the standardized prevalence of thoracic OLF is as
high as 63.9% in Chinese people [4].

Once symptoms of thoracic OLF develop, surgical
decompression is an effective method with which to relieve

the spinal cord compression. This surgical procedure is
difficult because the caliber of the spinal canal is relatively
narrow in the thoracic region, the spinal cord has a tenuous
blood supply, and the ossified foci are often adherent to the
dura mater [5, 6]. Although extensive studies have inves-
tigated surgical methods and clinical outcomes of thoracic
OLF surgery during the past few years, the rate of com-
plications remains unclear. The aim of this systematic
review is to summarize the incidence of complications of
thoracic OLF surgery and relate the incidence of compli-
cations to the procedures performed, year of study pub-
lication, and follow-up duration.

Methods

Literature search

A search for relevant literature was performed using
PubMed (www.pubmed.gov), EMBASE (http://www.
elsevier.com/online-tools/embase), and the Cochrane

* Zhongqiang Chen
puh3_czq@yahoo.com

1 Department of Orthopaedics, Peking University Shougang
Hospital, Beijing, China

2 Department of Orthopaedics, Peking University Third Hospital,
Beijing, China

12
34

56
78

90

http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-017-0040-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-017-0040-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-017-0040-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41393-017-0040-4&domain=pdf
http://www.pubmed.gov
http://www.elsevier.com/online-tools/embase
http://www.elsevier.com/online-tools/embase
mailto:puh3_czq@yahoo.com


Central Register of Controlled Trials (CENTRAL) data-
bases. Using the PubMed database as an example, the fol-
lowing search strategy was employed: #1 search
“ossification of ligamentum flavum”; #2 search [(thoracic)
OR thoracic spine] OR thoracic vertebra; #3 search “thor-
acic spinal stenosis”; and #4 search (#1 and #2) OR #3.
These terms were modified for use in the other databases as
required.

Inclusion criteria

The following criteria were applied to the studies selected
for inclusion in this review: (1) the study contained at least
10 cases of thoracic OLF managed with surgical interven-
tion, (2) the mean follow-up duration was ≥1 year, (3) the
study addressed postoperative complications, (4) the
patients were >18 years of age, and (5) the study was
published from July 1974 to October 2015 and was avail-
able in full text and in English.

Exclusion criteria

The exclusion criteria were: (1) studies pertaining to cer-
vical or lumbar OLF and (2) studies involving other spinal
surgeries such as cervical or lumbar decompression, anterior
decompression of the thoracic spinal canal such as disc
herniation, or operations simultaneously addressing ossifi-
cation of the posterior longitudinal ligament (Fig. 1).

Data collection

Three reviewers independently extracted the data from the
studies selected for inclusion. For each of the eligible
studies, we recorded the publication year, patient demo-
graphics, follow-up period, surgical approach, pre-
operative and postoperative neurological assessment
scores, recovery rate, and reported complications. When
data were missing, the values were excluded from the
subsequent analyses.

Statistical analysis

Demographic data were generated using simple descriptive
statistics. Linear regression analysis (SPSS Statistics for
Windows version 13.0; SPSS Inc., Chicago, IL, USA) was
used to identify any relationships between the incidence of
complications and the year of study publication, average
age of the patients, follow-up duration or recovery rate. The
meta-analysis was performed to analyze the incidence of
cerebrospinal fluid leakage (CFL) with Software R 3.4.0.
Funnel plot and Egger’s test was used to evaluate the
publication bias. Statistical significance was defined at a
level of p< 0.05.

Results

A total of 16 studies met our inclusion criteria, all of which
were retrospective case series. The patient demographics are
summarized in Table 1. In total, 475 patients were included
in these studies, with a male:female ratio of approximately
1.70:1.00 (297 male and 175 female patients in total, ran-
ging from approximately 4.50:1.00 [17] to 1.00:0.38 [9]).
The mean age of the patients ranged from 55 to 64 years,
and the average follow-up duration ranged from 26 to
65 months.

The neurological assessment scoring systems used were
the modified Japanese Orthopedic Association score, either
excluding scores for the upper extremities or just including
motor function of the lower extremities. The average pre-
operative modified Japanese Orthopedic Association score
ranged from 3.16 [14] to 6.28 [20]. The mean recovery rate
from each individual study varied from 32 [20] to 68% [13],
and the pooled neurological function recovery rate was 53%
(95% confidence interval: 43–62%).

Fig. 1 The flowchart of including or excluding studies according to the
criteria and their numbers. OLF ossification of ligamentum flavum
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In total, 115 complications were reported in the studies
(24% of the 475 patients) (Table 1). The incidence of
complications had no statistically significant association
with the year of study publication (R2= 0.0096, P= 0.72),
mean age of the patients (R2= 0.0022, P= 0.86), follow-up
time (R2= 0.0095, P= 0.72), or neurological function
recovery (R2= 0.0182, P= 0.66). CFL was the most
commonly reported postoperative complication, followed
by neurological deterioration. Other complications included
local infections, wound dehiscence, and others (Fig. 2).

Fifty-four cases of CFL were reported in nine studies
(Ref. 12 was excluded from the meta-analysis due to its high
heterogeneity), with an overall postoperative CFL incidence
of 19% (95% confidence interval: 13–29%) (Fig. 3a). The
P-value of Egger linear regression was 0.1973. There was
no publication bias (Fig. 3b). Dural defects were operatively
repaired using absorbable gelatin sponges, muscle/fascia, or
artificial dura. If CFL occurred postoperatively, con-
servative treatments were employed, such as applying local
pressure and positioning the patient in the prone or lateral
position. CFL usually ceased within 5–10 days. The major
risk factor for CFL was OLF with dural ossification (DO).
Two studies addressed the surgical treatment of OLF with
DO in this review, and the incidence of CFL in these studies
was 39% [10] and 100% [12]. The authors did not repair the
dural defects but instead meticulously sutured the para-
spinous muscles, deep fascia, and skin before placing a
subfascial drain and applying continuous pressure to the
wound. Pseudocysts were reported in two patients during
follow-up [7], and both were cured by ultrasound-guided
puncture and aspiration. CFL did not result in any neuro-
logical deterioration.

Neurological deterioration was the second most common
complication reported in these studies (Fig. 2). In total, 24
patients developed neurological deterioration among five
studies involving 227 patients (5%, based on all patients).

Although postoperative neurological deterioration can be
caused by poor operative technique, postoperative hema-
toma, or local kyphotic deformity, the specific etiology of
most cases (18 of 24 cases) was unknown. Most patients
were treated with dehydration and corticosteroid therapy,
and their neurological deficits were obviously alleviated.
However, one patient’s deficit persisted for 28 months (until
their last reported follow-up). Four patients in two studies
[16, 20] developed postoperative neurological deterioration
due to a local kyphotic deformity. To alleviate their
symptoms, two patients underwent additional surgeries and
two patients were treated with oral medications. A hema-
toma occurred in one patient, and the patient’s symptoms
were alleviated following an emergency operation [19].

Three patients developed wound dehiscence and five
patients developed wound infection. These patients
improved after irrigation and debridement or with targeted
antibiotics. Other complications such as pneumonia and
deep vein thrombosis in a lower extremity resolved after
appropriate treatment. One patient died of postoperative
circulatory and respiratory complications 4 months after
surgery.

Discussion

Decompression is currently the most effective strategy for
treating thoracic myelopathy caused by OLF. Although
various differentially modified and differentially named
surgical procedures have been reported in the literature
[7, 8, 10, 11, 13], they can be classified as those that either
preserve (laminoplasty) or remove (laminectomy) the pos-
terior structures of the spinal canal. Okada et al. [22]
compared patients who underwent a laminoplasty procedure
with a control group who underwent laminectomy. They
found that laminectomy was associated with more compli-
cations. However, Li et al. [20] reported four patients who
underwent laminoplasty, three of whom had either no
change or a worsened neurological status postoperatively.
The remaining 36 patients underwent laminectomy, and this
procedure yielded better therapeutic effects than lamino-
plasty. Although some studies have revealed the outcomes
of surgeries that preserve the posterior structures of the
spinal canal, removal of the posterior wall of the spinal
canal remains the main surgical treatment for OLF-related
thoracic myelopathy.

In this review, the mean neurological recovery rate var-
ied from 31% [20] to 68% [13], generating a pooled neu-
rological function recovery rate of 53%. Although several
recently published articles have reported recovery rates that
were obviously lower than the pooled recovery rates among
patients with more complicated types of OLF such as OLF
with DO and tuberous-like OLF, greater improvement in

Fig. 2 Proportions of surgical associated postoperative complications
of thoracic ossification of ligamentum flavum. The rate means the
proximate proportions of the referred complication in total complica-
tions. CFL cerebrospinal fluid leak, DVT deep venous thrombosis
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neurological deficits have been observed in most studies
published in recent years.

In the present review, the incidence of complications had
no statistically significant association with the year of study
publication. We speculate that the reason for this finding is
that dural tears mostly occurred in the early and mid-term
studies in this systematic review. Because the exact number
of patients with CFL in these articles remains unknown, the
number of patients with dural tears was not counted as the
number of patients with CFL. Another reason for the irre-
levance between complication rates and variables might be
the insufficient sample size of each study (average 30 cases
in each study).

CFL is the main complication after thoracic OLF sur-
gery. Inadvertent dural injury during surgery and resection
of OLF with DO can lead to CFL. Indeed, DO is a major
risk factor for postoperative CFL. Despite the high inci-
dence of CFL after OLF surgery, some studies have sug-
gested that CFL might not influence surgical outcomes
[7, 12]. Instead, CFL may increase the difficulty of per-
forming the surgery and postoperative discomfort. Identifi-
cation of DO in preoperative images could help surgeons to
accurately assess the surgical risk. The presence of “tram
track” and “comma” signs can be used to predict OLF with

DO on axial computed tomography slices, although the
specificity is only 59% [23].

Another important complication of thoracic OLF surgery
is postoperative neurological deterioration. Transient dete-
rioration after surgery is usually associated with injury to
the blood supply to the spinal cord and/or improper
intraoperative manipulation. Corticosteroids and diuretics
should be administered after exclusion of inadequate
decompression and a local hematoma. If postoperative
neurological deterioration is present and a hematoma is
detected, emergency surgery is necessary. Why most
patients develop late neurological deterioration remains
unclear [7].

In this retrospective study, four patients developed
postoperative neurological deterioration because of aggra-
vation of local kyphosis [16, 20]. Whether instrumentation
should be used after thoracic OLF decompression surgery is
controversial [7]. To reduce the likelihood of postoperative
spinal instability or local kyphosis, most surgeons use
decompression as well as instrumentation and fusion,
especially for conditions such as cervicothoracic or thor-
acolumbar OLF, multilevel decompression, and decom-
pression involving the majority of facet joints. Yang et al.
[12] suggested that use of instrumentation can be avoided if

Fig. 3 Forest figure and funnel
figure of incidence of
postoperative cerebrospinal fluid
leakage. a Forest figure of
incidence of CFL, random
effects model was used to
analyzed the data (I2= 60.0%,
tau2= 0.3519). b Funnel plot
and Egger linear regression of
incidence of CFL. The P-value
of Egger linear regression was
0.1973. There was no
publication bias
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spinal instability does not exist preoperatively. However,
aging is associated with chronic degenerative changes in the
spine, and most patients in these studies underwent thoracic
OLF decompression in their 50s and 60s. Therefore, the
clinical outcomes of more studies with rigorous designs and
long-term follow-up periods are necessary to assess the
effect of decompression without the use of instrumentation
in the severely degenerated spine.

The incidence of postoperative wound dehiscence,
wound infection, pulmonary infection, deep venous
thrombosis, and even death is closely associated with many
factors, including comorbidities, nutritional status, aging,
and the type of operation. Most of these postoperative
complications can be managed using approaches such as
debridement or administration of targeted antibiotics or
anticoagulants. However, careful preoperative evaluation of
the patient’s general condition and risk factors together with
suitable preoperative preparation could decrease the like-
lihood of these complications arising.

This review has two main limitations. First, all 16 studies
examined were retrospective case series, which have
inherent weaknesses. However, the use of randomized and
prospective observational clinical trials in this field remains
controversial. Therefore, systematic retrospective studies
are currently the most appropriate method for assessing
surgical complications of thoracic OLF. Second, because
thoracic OLF mainly occurs in East Asian populations, the
exclusion of studies that were published in East Asian
languages might have affected our conclusions. However,
most of the studies included in this review were carried out
by groups in the East Asian region. Therefore, these studies
may still accurately represent the status of surgical com-
plications of thoracic OLF.

Data archiving
There were no data to deposit.
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