
Background: Postoperative upper-limb palsy (ULP) is a serious complication after cervical spine 
surgery. ULP after posterior percutaneous endoscopic cervical foraminotomy and discectomy 
(PPCED) has not yet been reported.

Objective: To introduce cases of postoperative ULP after PPCED and associated risk factors.

Study Design: A single-center, retrospective, observational study.

Setting: Shanghai Changzheng Hospital, Naval Medical University, Shanghai, China.

Methods: From January 2016 through January 2022, PPCED involving a total of 663 segments 
was performed in 610 patients with radiculopathy who were diagnosed with cervical radiculopathy 
or mixed cervical spondylosis caused by foraminal stenosis or posterolateral disc herniation.

Results: PPCED was successfully completed in 610 patients, 6 of whom (0.98%) developed ULP. 
Two patients were diagnosed with double-segment cervical nerve root canal stenosis (C4/5/6, 
C5/6/7) and 2 with migrated cervical disc soft herniation (a magnetic resonance image of one 
showed a migrated disc herniation downward from C4/5 in the sagittal plane; another showed 
this upward from C5/6); one patient was diagnosed with C5/6 intervertebral foraminal stenosis, 
and one had simple C4/5 lateral disc herniation. Postoperative ULP rates for C4/5 (2/30, 6.67%) 
and C5/6 (2/177, 1.13%) were much higher than those for the other levels. Anatomically, the 
width of the intervertebral foramen on computed tomography was 2.3 ± 1.12 mm in ULP cases, 
which was significantly lower than that in non-ULP cases (3.4 ± 1.83, P < 0.05). This suggests that 
preoperative foramen width correlates highly negatively with postoperative ULP incidence.

Limitations: This was a single-center, retrospective, nonrandomized study with a low level of 
evidence.

Conclusions: PPCED is a good treatment for cervical radiculopathy. The rate of postoperative 
ULP after PPCED is much lower than that after posterior cervical foraminotomy. Perturbation to the 
C5 (or C6) nerve root, thermal injury due to burr use or the radiofrequency applied, and marked 
foraminal stenosis are possible relevant factors associated with postoperative ULP.

Key words: Postoperative upper limb palsy, complications, posterior percutaneous endoscopic 
cervical foraminotomy and discectomy, preoperative foramen width
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CCervical radiculopathy is a common spinal 
disorder presenting with radiating pain and 
numbness from the neck to the upper limb 

and is usually caused by compression of the nerve root 
by a herniated disc or stenosis of the intervertebral 
foramen (1). Surgical treatment should be considered 
when conservative management fails, even though 
it is effective for most cases of cervical radiculopathy. 
Posterior cervical foraminotomy is a classic surgical 
method for treating cervical nerve root compression, 
first described by Spurling in 1944 (2). In 2001, the 
application of microendoscopy in posterior cervical 
foraminotomy was introduced after the development 
of minimally invasive techniques (3). Moreover, 
the development of full endoscopic techniques 
led to posterior percutaneous cervical endoscopic 
foraminotomy and discectomy (PPCED), as reported in 
2007 by Ruetten (4). In general, PPCED is increasingly 
being used widely because of its minimal invasiveness, 
excellent postoperative efficacy, short hospitalization 
time and fast recovery (5). Although complications of 
PPCED are rare (6), upper-limb palsy (ULP) is a serious 
possible complication.

ULP, also known as C5 palsy, is a common com-
plication after anterior and posterior cervical spine 
surgery. Despite the relatively low incidence and good 
prognosis, patients with ULP are generally dissatis-
fied with their surgery (7). In posterior cervical open 
surgery, prophylactic foraminal enlargement can be ap-
plied to prevent postoperative ULP (8). However, many 
recent studies have found that postoperative ULP can 
still occur after foraminoplasty (9), and in some cases, 
foraminoplasty is an independent risk factor for ULP 
after cervical spine surgery (10,11). Postoperative ULP 
followed by microendoscopic foraminal decompression 
at the C5/6/7 levels has been reported (12), but no study 
has reported postoperative ULP after PPCED. There-
fore, we retrospectively analyzed the incidence of ULP 
after PPCED within 5 years at our center and possible 
related risk factors. To the best of our knowledge, this 
is the first report about ULP after PPCED.

Methods

Patients
From January 2016 through January 2022, PPCED, 

with 663 segments, was performed on 610 patients 
diagnosed with cervical radiculopathy or mixed cervical 
spondylosis caused by foraminal stenosis or posterolat-
eral disc herniation. The exclusion criteria included 1) 

a history of cervical spine surgery; 2) decreased muscle 
strength, deltoid, biceps or other upper-limb muscle 
strength before PPCED; 3) postoperative follow-up less 
than half a year; and 4) dural tear or other significant 
damage to nerves occurring during surgery. 

All 610 patients were enrolled, including 270 men 
and 340 women, with an average age of 62.6 years (Ta-
ble 1). Cervical disc herniation (soft, lateral herniation) 
was diagnosed in 401 patients, and 209 were diagnosed 
with cervical foraminal stenosis (no obvious soft hernia-
tion). The preoperative diagnosis was based on clinical 
symptoms combined with imaging. Cervical nerve root 
block was conducted when necessary. All operations 
were performed by the same chief surgeon. A total of 
557 patients underwent single-segment PPCED, and 53 
underwent double-segment (C4/5/6, C5/6/7) PPCED.

Surgical Procedure
After administration of general anesthesia, the 

patient was placed prone on a special plaster bed. The 
shoulders were pulled and fixed with tape to maintain 
the natural flexion of the cervical spine. The patient 
was placed in a 30° reverse Trendelenburg position 
to elevate the surgical site above the heart to reduce 
venous bleeding. TESSYSTM Endoscopic System (joimax 
GmbH),a surgical drill (Shrill, joimax GmbH) and a ra-
diofrequency coagulator (DTF-40, Trigger-Flex® Bipolar 
System, Elliquence LLC) were used during the PPCED 
procedure. 

Under fluoroscopic guidance, the appropriate level 
was localized on lateral imaging, and a longitudinal 0.8 
cm incision was made approximately 1.5 cm lateral to 
the midline on the side of the pathology. The paraspi-
nal muscles were bluntly divided with a blunt dilator 
(6.5 mm), which was advanced gently toward the lami-
nofacet junction of the lateral mass (point V) (Fig. 1a); 
the working sheath (7.5 mm) was placed via the dilator. 

Fluoroscopy was used to verify the placement and 
trajectory of the working sheath. The residual soft 
tissue was ablated using bipolar radiofrequency, and 
the “V-point” was clearly exposed under endoscopy. 
A high-speed burr was utilized to resect the medial 
third of the inferior articular process of the cephalad 
vertebra until the superior articular process of the cau-
dad vertebra was visualized. The medial third of the 
exposed superior articular process was resected with 
the burr and Kerrison rongeur (1 mm) in the same way. 

After partial resection of the ligamentum flavum, 
the epidural venous plexus was coagulated to maintain 
a clear visual field and to accurately identify nerve 
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roots. The nerve root was exposed from its origin at 
the thecal sac laterally across the cephalad aspect of 
the pedicle. Decompression was performed until the 
proximal and distal pedicles were confirmed longitudi-
nally, and a probe was then easily inserted through the 
foramen to confirm adequate neural decompression. 

In cases of ruptured discs, free-moving ruptured 
discs were removed when exploring the axillary and 
shoulder of the nerve root. After the nerve root had 
been decompressed satisfactorily, all instruments 
were removed, and direct skin closure was performed. 
Because of the small incision involved with PPCED, a 
drainage tube was not necessary; a silicone sheet was 
placed for drainage in some cases, which was removed 
within 24 hours after the operation. On the second day 
after surgery, a cervical brace was provided to be worn 
for 3 weeks. All patients were routinely provided with 
cervical health education.

Retrospective Data Collection
The general information of the patients; the visual 

analog scale (VAS) score of neck, shoulder and upper 
limb pain; and the neck disability index (NDI) score 
were recorded before the operation. The narrowest 
intervertebral foramen width was measured by preop-
erative computed tomography (CT) at the narrowest 
point of the corresponding segment (Fig. 1b). 

Additionally, surgical outcome data were  re-
corded, including blood loss, operation time, length of 
hospital stay, back to work/ full activity, and complica-
tions. The sensory and motor conditions of the upper 
limbs were closely observed after PPCED. VAS scores 
of neck, shoulder and upper limb pain; sensation and 
muscle strength of the upper limb; and NDI scores were 
assessed at one day, 2 weeks, 3 months, and 6 months 
post-PPCED.

Postoperative ULP Definition and Treatment
Postoperative ULP was defined as deterioration 

in muscle power of the deltoid (or deltoid and biceps 
brachii) by 2 grades in the manual muscle test, with or 
without paresthesia (numbness, hyperesthesia, pain, 
etc.) in the corresponding nerve root distribution with-
in 2 weeks after PPCED. Patients experiencing ULP after 
surgery were examined by both magnetic resonance 
imaging and CT to exclude hematoma and infection. 
Treatment of postoperative ULP included the use of 
methylprednisolone, hyperbaric oxygen therapy, and 
rehabilitation exercises. Regular outpatient follow-up 
was conducted for all patients.

Statistical Analysis
Statistical analysis was performed using SPSS 21.0 

software (IBM Corp.). The results are reported as the 
mean ± SD. Student’s t-test was used to compare aver-
ages of continuous variables. The Pearson χ2 test and 
Fisher’s exact test were used to compare proportions 
of categorical variables between groups. P < 0.05 was 
considered statistically significant.

Results

A total of 610 patients underwent PPCED surgery. 
The average age of the patients was 62.21 ± 17.6 years, 
and 58.36% were men. Diagnoses were classified into 2 
categories: posterolateral disc herniation (324 patients, 
53.11%) and foraminal stenosis (286 patients, 46.88%). 
The mean preoperative VAS and NDI scores of the pa-
tients were 6.32 ± 2.56 and 32.64 ± 16.21, respectively. 

The surgical segment of PPCED was C4-T1. Single-
segment surgery was performed in 557 cases (30 cases 
of C4/5, 177 cases of C5/6, 310 cases of C6/7, 40 cases of 
C7/T1) and 2-segment surgery in 53 cases (18 cases of 
C4/5/6 and 35 cases of C5/6/7). 

The mean operative time was 96.87 ± 30.70 min-
utes. The mean blood loss was 28.39 ± 20.83 mL. The 
average length of hospital stay was 2.74 ± 1.39 days. 
The average back to work/ full activity was 2.16 ± 
1.39 weeks. The overall complication rate was 3.11% 
(19/610). Five patients (0.82%) still had pain after the 

Characteristics Value

Mean age, years, ± SD 63.21 ± 17.6

Men, n (%) 356 (58.36)

Clinical diagnosis, n (%)

posterolateral disc herniation 324 (53.11)

foraminal stenosis 286 (46.88)

VAS score (preoperative), ± SD 6.32 ± 2.56

VAS score (postoperative), ± SD 2.34 ± 1.86

NDI score (preoperative), ± SD 32.64 ± 16.21

NDI score (postoperative), ±SD 6.85 ± 6.13

Levels of PPCED, n (%)

C4/5 30 (4.92)

C5/6 177 (29.02)

C6/7 310 (50.82)

C7/T1 40 (6.56)

C4/5/6 18 (2.95)

C5/6/7 35 (5.74)

Postoperative ULP, n (%) 6 (0.98)

Table 1. Demographic characteristics of  610 patients with 
PPCED.
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operation: 3 underwent anterior cervial discectomy 
and fusion surgery and 2 conservative treatments. 

Two patients (0.33%) developed superficial wound 
infections after the operation and recovered after anti-
biotic treatment. Six patients (0.98%) had a dural tear 
during the operation. The dural tear was not repaired 
during the operation, and the wound was tightly su-
tured. There was no cerebrospinal fluid leakage and 
no other discomfort symptoms after the operation. 
Six patients (0.98%) had postoperative ULP. However, 
postoperative VAS (2.34 ± 1.86) and NDI (6.85 ± 6.13) 
scores were significantly improved compared to those 
before surgery (P < 0.05) (Table 1).

PPCED was performed on a total of 663 segments 
in 610 patients. Among them, 6 patients had postop-
erative ULP (6/610, 0.98%). No patients experienced a 
significant decrease in postoperative wrist and hand 
muscle strength to below grade 3 in the manual muscle 
test. Six patients recovered their motor strength more 
or less within 3 months. In 2 cases, the deltoid muscle 
strength that had declined significantly to grade 0-1 
after PPCED recovered to grade 4 at 3 months after the 
operation and returned to grade 5 after 6 months of 
follow-up. In the remaining patients, muscle strength 
recovered to grade 5 within 3 months after PPCED. 
During the 3-month follow-up, VAS and NDI scores in 
6 patients were significantly improved compared to 
those preoperatively (P < 0.05, Table 2).

The mean age of the 6 patients diagnosed with 
ULP was 57.33 ± 13.125 years. Three were diagnosed 
with cervical disc herniation preoperatively, and 3 were 
diagnosed with cervical foraminal stenosis preopera-
tively. Among them, 2 cases involved segment C4/5, 2 
cases involved segment C5/6, one case involved seg-
ment C4/5/6, and one case involved segment C5/6/7. 
Comparisons of the patients in the ULP and non-ULP 
groups are shown in Table 2, with no significant dif-

ference between them in terms of age, gender, preop-
erative diagnosis, preoperative VAS/NDI score, or mean 
operating time (P > 0.05, Table 2).

Among the 610 patients, the rate of single-segment 
PPCED was 0.72% (4/557), and that of two-segment 
PPCED was 3.77% (2/53). In terms of surgical segments, 
there was a statistically significant difference between 
the ULP and non-ULP groups (P = 0.0886, Table 3). Table 
4 shows the number of patients and incidences of ULP 
according to level of PPCED. In descending order, the 
incidences of ULP were as follows: C4/5 (2/30, 6.67%); 
C4/5/6 (1/18, 5.56%); C5/6/7 (1/35, 2.86%); and C5/6 
(2/177, 1.13%). Overall, there was a significant trend 
between the incidence of ULP and the various levels of 
PPCED (P < 0.001, Table 4).

The width of the intervertebral foramen on CT was 
2.3 ± 1.12 mm in ULP cases, significantly lower than 
that in non-ULP cases (3.4 ± 1.83); the difference was 
significant (P = 0.0295, Table 5). Cervical nerve root 
canal stenosis was defined as an intervertebral fora-
men width < 3 mm. The incidence rate of intervertebral 
foramen width < 3 mm in ULP cases was 66.67% (4/6); 
in non-ULP cases it was 20.86% (126/604), a significant 
difference (P < 0.05, Table 5).

discussion

ULP, also known as C5 palsy, is a common complica-
tion after anterior and posterior cervical spine surgery. 
ULP is defined as deterioration in muscle strength in 
the deltoid by 2 or more grades (determined by manual 
muscle testing on the deltoid muscle, with or with-
out involvement of the biceps muscle) but no loss of 
strength in other muscles. According to the literature, 
the incidence of ULP after cervical spine surgery ranges 
from 0.58% to 15.8% (13,14). One multicenter retro-
spective analysis found an incidence of ULP in cervical 
spine surgery of 0.58% (88/15097), which is lower than 

Fig. 1. Three-dimensional 
computed tomography display 
of  point V (a); Black arrows 
indicate the width of  the 
intervertebral foramen at the 
narrowest point (b).
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in previous reports. This reduction may be related to 
advances in cervical spine surgery techniques and the 
use of microscopes (15).

It is currently believed that the cause of ULP is main-
ly related to traction of the C5 nerve root. Due to the 
drift of the spinal cord after posterior cervical surgery 
and the change in intervertebral height after anterior 
cervical surgery, the C5 nerve root or nerve root artery 
becomes taut after ischemia, which leads to ULP (16). 
Some scholars believe that ULP is the manifestation 
of spinal cord nerve ischemia–reperfusion injury (17). 
Risk factors associated with ULP include intraoperative 
nerve injury (18), the angle of the posterior opening 
of the laminae (19), and the presence of preoperative 
spinal cord hyperintensity (20). 

Whether prophylactic C4/5 foraminotomy can pre-
vent the occurrence of ULP remains controversial. In a 
retrospective clinical study, Ohashi (8) found that pro-
phylactic foraminoplasty can reduce the incidence of 
ULP from 7% to 1.7% at 2 years postsurgery. Nonethe-
less, several recent studies have shown that prophylactic 
C4/5 foraminoplasty does not prevent the occurrence 
of postoperative ULP; the authors did not recommend 
it as a preventive surgery (9,21). Moreover, a compre-
hensive case study of 27 clinical centers reported that 

posterior cervical laminoplasty combined with forami-
noplasty was more likely to result in postoperative ULP 
than posterior cervical laminoplasty alone (15.1% vs 
3.1%). The authors believe that heat from the drill may 
lead to damage to the sensitive nerve root (22).

PPCED was developed from open posterior cervical 
foraminal decompression, which is essentially a cervical 
foraminal enlargement surgery performed completely 
endoscopically. To avoid postoperative axial pain and 
segmental instability caused by posterior muscle dissec-
tion, minimally invasive posterior cervical foraminoto-
my, also known as posterior cervical key-hole surgery, 
is performed using a channel under a microscope or 
a microendoscope. In 2007, Ruetten (4) first reported 
the application of full endoscopic discectomy by the 
posterior cervical key-hole approach, while Kim et al 
(23) reported a minimally invasive approach to the 
cervical spine with less trauma and faster recovery. In 
general, PPCED is being widely performed for cervical 

Characteristics ULP (n = 6)
Non-ULP 
(n = 604)

P 
value

Mean age, years, 
± SD 57.33 ± 13.125 64.36 ± 18.186 0.4788

Men, n (%) 3 (50) 353 (58.44) 0.6971

Clinical diagnosis, n (%)

posterolateral disc 
herniation 3 (50) 321 (53.15) 1

foraminal stenosis 3 (50) 283 (46.85) 1

VAS score 
(preoperative), ± SD 6.167 ± 1.753 6.41 ± 2.73 0.319

NDI score 
(postoperative), ± SD

35.833 ± 
13.656 31.63 ± 15.24 0.9044

Mean operating 
time, mins, ± SD 75.32 ± 32.16 70.54 ± 28.16 0.5207

Levels of PPCED, 
n (%)

< 
0.0001

C4/5 2 (33.33) 28 (4.64)

C5/6 2 (33.33) 175 (28.97)

C6/7 0 310 (51.32)

C7/T1 0 40 (6.62)

C4/5/6 1 (16.67) 17 (2.81)

C5/6/7 1 (16.67) 34 (5.63)

Table 2. Clinical data of  patients with and without ULP.

Number of  PPCED 
Segments 

ULP 
(n = 6)

Non-ULP 
(n = 604)

Incidence 
(%)

1 segment 4 553 0.72

2 segments 2 51 3.77

Total 6 604 0.98

Table 3. Number of  PPCED segments and incidences of  ULP.

P = 0.0886, Fisher’s exact test

Levels of  PPCED
ULP

(n = 6)
ULP

(n = 604)
Incidence 

(%)

C4/5 2 28 6.67

C5/6 2 175 1.13

C6/7 0 310 0

C7/T1 0 40 0

C4/5/6 1 17 5.56

C5/6/7 1 34 2.86

Total 6 604 0.98

Table 4. Levels of  PPCED and incidences of  ULP.

P = 0.002747< 0.001, Fisher’s exact test

Characteristics
ULP
(n = 6)

Non-ULP 
palsy
(n = 604)

P value

Width of intervertebral 
foramen 
on computed tomography 
mm ± SD

2.3 ± 
1.12 3.4 ± 1.23 0.0295

Width < 3 mm, n (%) 4 (66.67) 126 (20.86) 0.0208

Table 5. Width of  intervertebral foramen and incidences of  
ULP.
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radiculopathy caused by lateral cervical disc herniation 
and foraminal stenosis.

ULP is a serious condition, but complications of 
PPCED are rare (6). Wu’s meta-analysis (5) of PPCED 
complications found that the most frequent complica-
tion was transient root palsy (4.5%), which clinically 
manifested as hypoesthesia or numbness in the newly 
developed nerve root innervation area after surgery, 
with or without a decrease in muscle strength. Al-
though the definition of nerve root palsy reported in 
the literature mainly manifests as sensory disturbance, 
some patients primarily experience decreased muscle 
strength (deltoid and biceps) after PPCED. As ULP in 
the literature involves the same concept as C5 palsy, 
which not only occurs in the C4/5 segment but also in 
the C5/6 segment after PPCED (24), we defined it herein 
as postoperative ULP after PPCED.

The incidence of postoperative ULP in this study 
was 0.98%, which was lower than that of conventional 
cervical spine surgery (6%) (13) and of temporary nerve 
palsy after PPCED (4.5%) (5). The patients’ condition 
was complex, including foraminal stenosis and a highly 
migrated disc herniation. Our study found that the in-
cidence of postoperative ULP was associated with case 
selection and learning curves. In the early stage of the 
PPCED operation in this study, ULP was rare due to the 
relatively simple case selection (soft lateral protrusion). 
However, with the accumulation of clinical cases, the 
surgical indications became expanded, the difficulty 
of the operation increased, and the incidence of ULP, 
mainly manifesting as decreased muscle strength, 
gradually increased.

Different from conventional open cervical surgery, 
the core of the PPCED technique is to expand the in-
tervertebral foramen and decompress the nerve root 
canal (25). PPCED has no significant effect on spinal 
cord drift or intervertebral height increase, and as a 
result, there is no traction or ischemic damage to nerve 
roots. By analyzing the data of this case series and 
the previous literature (9,21,22), we consider that the 
causes of postoperative ULP after PPCED include the 
following: 1) advancement and disturbance of the C5 
or C6 nerve root; 2) nerve root damage caused by the 
heat generated by the application of a power drill and 
bipolar radiofrequency during the operation; and 3) 
aggravation of the already damaged nerve root in the 
severely narrowed nerve root canal via intraoperative 
decompression.

Anatomy is an important factor affecting post-
operative ULP after PPCED. Anatomical studies have 

found that ULP is mainly caused by C5 nerve root injury, 
but because the adjacent C5 and C6 nerve root innerva-
tion areas overlap each other, C6 nerve root palsy can 
also lead to ULP (26). In our study, cases of endoscopic 
dural tears and neurological injuries with obvious ma-
nipulation errors were excluded. Our results showed 
that in single-segment PPCED, the C4/5 segment was 
associated with the highest rate of ULP (6.67%), fol-
lowed by C5/6 (1.13%); there was no ULP below the 
C6/7 segment, which is similar to the results of conven-
tional open cervical spinal surgery. 

The high incidence of ULP in the C4/5 and C5/6 
segments is closely related to the morphometric char-
acteristics of the nerve roots. The C5 nerve root travels 
a shorter distance in the spinal canal and has a more 
horizontal direction and greater tension than other 
segmental nerve roots (9). Adjacency between nerve 
roots and corresponding cervical discs is important in 
PPCED. A study by Nobuhiro (27) found that as the 
cervical spine descends, the nerve roots are positioned 
higher relative to the intervertebral discs. Most C5/6 
discs are ventral to the C5 nerve roots, whereas most 
discs below C6/7 are in the axillary region of the nerve 
roots. Therefore, a greater degree of retraction on the 
C5 nerve root is needed for discectomy, which results in 
potential damage to the nerve root. 

As the C7 and C8 nerve roots are located below the 
level of the intervertebral disc, the possibility of intra-
operative C7 and C8 nerve root injury is less likely. C7 
and lower nerve roots innervate the forearm and hand 
muscles. Myung (28) reported a case of postoperative 
decreases in finger grip strength (C7 palsy) due to intra-
operative C7 root retraction, which resolved complete-
ly by 6 months after surgery. In the present study, no 
muscle weakness was found after PPCED in segments 
below C6/7. One of the possible reasons is that there 
is more overlap in the innervation of the nerve roots 
in the hand, which contributes to muscle strength, and 
that the injury of a single C7 or T1 nerve root does not 
lead to obvious muscle strength abnormalities.

Previous studies have suggested that ULP dur-
ing foraminoplasty occurs owing to nerve root injury 
caused by the high temperatures generated by a high-
speed power drill (22). In animal experiments, it was 
found that diamond grinding heads and stainless steel 
grinding heads can generate high temperatures of 
174°C and 77°C, respectively (29). Studies by Tamai K 
et al (30) and Takenaka (31) suggest that the use of 
chilled saline to lower the temperature in cervical fo-
raminoplasty under open or minimally invasive access 
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can reduce the occurrence of ULP. In PPCED surgery, 
a drill is also used to decompress the bone structure; 
thus, a high-temperature drill head in a saline environ-
ment of normal temperature may be one of the causes 
of nerve root injury. In PPCED, a radiofrequency bipolar 
coagulator is required for hemostasis or intervertebral 
disc ablation. The temperature of the head end of a 
radiofrequency cutter head can reach 70°C (32), and 
repeated hemostasis around the nerve root may also 
cause damage to the nerve root. Therefore, the appli-
cation of ice saline lavage, the reduced use of grind-
ing heads and radiofrequency involved may help to 
prevent ULP.

Our study excluded patients with preoperative 
cervical radiculopathy with decreased muscle strength. 
However, the cervical intervertebral foramen is signifi-
cantly narrowed in some patients; the course of the dis-
ease may also be longer, and underlying radiculopathy 
may already exist. Previous reports support that cervical 
radiculopathy confirmed by preoperative electromy-
ography is an important factor in postoperative ULP 
(33). In this study, postoperative ULP occurred in 3/98 
cases (3.06%) with an intervertebral foramen width 
< 3 mm, much higher than that with a width ≥ 3 mm 
(3/162, 1.8%). Hence, preoperative foramen width cor-
relates highly negatively with postoperative ULP inci-
dence. This suggests that after long-term compression 
caused by intervertebral foraminal stenosis, underlying 
radiculopathy may be present, which becomes aggra-
vated during foraminotomy and leads to the occur-
rence of ULP.

Different from ULP after open surgery, all 6 pa-
tients in this study experienced a definite decrease in 
shoulder and elbow muscle strength on the first post-
operative day, without delay. Postoperatively, patients 
have fewer symptoms and faster recovery after PPCED 

than after open surgery foraminoplasty (22). Therefore, 
PPCED is less invasive than open surgery.

Limitations 
There are some limitations in this study. First, due 

to the low incidence of ULP after PPCED, the number 
of cases was insufficient, the statistics were biased, and 
multiple regression analysis could not be performed to 
clarify factors relevant to ULP. The possible etiology can 
only be speculated on the basis of the literature and 
relevant clinical experience, which is not sufficiently 
convincing. Second, as this was a clinical retrospective 
study, evidentiary support was low. Therefore, prospec-
tive controlled studies with more cases and more clini-
cal centers are needed to further clarify the symptoms, 
etiology, and outcome of postoperative ULP after 
PPCED.

conclusions

PPCED is a good treatment for cervical 
radiculopathy. The rate of postoperative ULP after 
PPCED is much lower than that after posterior cervical 
foraminotomy. Perturbation to the C5 (or C6) nerve 
root, thermal injury from the burr or radiofrequency 
used, and marked foraminal stenosis are possible rel-
evant factors for postoperative ULP. Postoperative ULP 
after PPCED has a good prognosis with a short recovery 
time.
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