
Background: The progression of cervical kyphosis due to injury to the facet joints and 
musculature is a major concern for posterior foraminotomy especially for patients with cervical 
lordosis of less than 10°. However, cervical hypo-lordosis (cervical lordosis < 10°) may be improved 
with the alleviation of pain and muscle spasms, which corresponds with the disappearance 
of a positive Spurling’s test. When surgery is necessary, the spontaneous recovery of cervical 
curvature may be minimally offset using minimally invasive surgical techniques, such as posterior 
percutaneous endoscopic cervical foraminotomy (P-PECF).

Objectives: The primary objective was to compare the changes in cervical kinematics between 
patients with cervical lordosis (≥ 10°, group I) and hypo-lordosis (< 10°, group II) after P-PECF.

Study Design: This study was a retrospective nested case-control study with the IRB No. 
H-1210-078-434.

Setting: University Medical Center, Seoul, Korea.

Methods: P-PECFs were performed for patients with a radiculopathy due to single-level 
unilateral cervical foraminal soft-disc herniations or foraminal stenosis with minimal degeneration 
of the disc/facet joints and a positive Spurling’s test. A retrospective nested case-control study 
was performed for 23 patients with cervical lordosis of ≥ 10° (group I; M:F = 15:8; age, 52.3 ± 
9.8 years) and 23 patients with cervical lordosis of < 10°(group II; M:F = 15:8; age, 46.3 ± 12.7 
years). P-PECFs were performed using the methods previously reported, and all patients were 
discharged the next day without limitations on neck motion. The patients were followed at 
one, 3, 6, and 12 months postoperatively and yearly thereafter. The follow-up period was 25.8 
± 19.6 months. Clinical outcomes were assessed using the visual analogue pain score of arms. 
The cervical angles (C2-7, tangential method) were measured on neutral (CA), flexion (CAF), and 
extension (CAE) lateral radiographs, and range of motion (C-ROM) was calculated by conducting 
a radiological analysis. A linear mixed model was used to assess the linearity of the changes in 
cervical curvatures during the postoperative 12 months between the groups. 

Results: Significant reductions in arm pain and negative results on Spurling’s test were initially 
achieved in 21/23 patients in group I and in 23/23 patients in group II with means of 1.7 ± 0.31 
months and 1.09 ± 0.09 months, respectively. Using the mixed effect models, the interactions 
between group and time were significant for the CA (P = 0.004), CAE (P < 0.001), and C-ROM 
(P < 0.001) but not the CAF (P = 0.392). The CA (adjusted-P < 0.001), CAE (adjusted-P < 0.001), 
and C-ROM (adjusted-P = 0.046) exhibited significant between-group differences at the pre-
operation. However, during the follow-up, these parameters were significantly changed in group 
II, especially during the postoperative 3 months. The CA, CAE, and C-ROM changed by -11.73°, 
-19.87°, and 20.32°, respectively. Postoperatively, 17/23 patients in group II and 22/23 patients 
in group I exhibited cervical lordosis of ≥ 10°. 

Limitations: This study was retrospective in design, and the inherent selection bias and limited 
statistical power should be considered.
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Conclusions: Cervical hypo-lordosis less than 10° may not be a contra-indication for P-PECF when the change of cervical 
curvature is not a structural change. A larger study is necessary to identify prognostic factors. 
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Currently, there are various options for the 
treatment of cervical radiculopathy due to 
lateral soft disc herniation or foraminal stenosis 

(1-8). Analgesic medication, epidural steroid injection, 
and/or other procedures are the initial treatments 
of choice, but surgery may be considered when such 
conservative options are not effective (7,8). Anterior 
cervical discectomy and fusion (ACDF) or artificial disc 
replacement are common surgical options, but these 
methods may have problems such as limitations of 
neck motion, dysphagia, hoarseness, adjacent segment 
degeneration, heterotopic ossification, and mechanical 
failure (9-11). Considering the maintenance of cervical 
motion, the posterior cervical foraminotomy technique 
may be an attractive option for managing single-level 
spondylotic radiculopathy in the absence of central 
cord compression (3). However, progression to the 
cervical kyphosis or loss of the lordosis due to injuries 
on the facet joint and musculature  have been major 
concerns related to posterior foraminotomy, especially 
for patients with cervical lordosis of less than 10° (2,3). 
With recent advances in spinal endoscopic surgical 
techniques, posterior percutaneous endoscopic cervical 
foraminotomy (P-PECF) has demonstrated acceptable 
outcomes (5-7,12-14). However, the application of 
P-PECF for patients with decreased cervical lordosis 
remains controversial  because of the similarity of the 
surgical approach (2,3,6). However, cervical hypo-lordosis 
may be spontaneously recovered with the alleviation 
of pain and muscle spasms, which corresponds with 
the disappearance of a positive Spurling’s test (6,15). 
The violations to the muscle and facet joint may be 
minimized with P-PECF, and the spontaneous recovery of 
cervical curvature may be minimally offset using P-PECF 
(6,13). The primary purpose of the present study was 
to compare the changes in cervical kinematics between 
patients with cervical lordosis (≥ 10°) and hypo-lordosis 
(< 10°) after P-PECF. The secondary objectives were to 
compare the clinical outcomes and changes in cervical 
sagittal alignments. 

Methods

Patients
After obtaining permission from the Institutional 

Review Board (H-1210-078-434), the medical records 
of 71 consecutive patients who underwent posterior 
percutaneous endoscopic cervical foraminotomies and 
discectomies (P-PECF) between June 2010 and Septem-
ber 2015 were retrospectively reviewed. P-PECFs were 
performed for patients whose main presentations were 
radicular pain due to single-level cervical foraminal 
soft-disc herniations or foraminal stenoses. All patients 
had minimal disc and facet joint degeneration and 
exhibited a positive Spurling’s test (5,6,15,16). The 
degree of disc degeneration was evaluated with T2-
weighted sagittal magnetic resonance  imaging (MRI) 
as described by Pfirrmann et al (17), and grades of I, II, 
and III (inhomogeneous structure of the disc with an 
intermediate, gray signal intensity with a preserved or 
slightly decreased disc height) were considered to be 
acceptable for posterior-PECF (4-6). P-PECF was not indi-
cated for patients with pure neck pain, central stenosis/
myelopathy, symptomatic central disc herniation, gross 
cervical instability, moderate to severe facet degenera-
tion (joint space narrowing, facet hypertrophy or large 
osteophyte) (18), or ossification of the posterior longi-
tudinal ligament (5,6,19). 

Preoperatively, MRI) and plain radiographs were 
obtained. Every patient completed questionnaires 
to determine their neck disability index (NDI, out of 
50) (20) and visual analogue pain scores for the neck 
(Neck-VAS, out of 10) and arm (Arm-VAS, out of 10).  
The P-PECF was performed under general anesthesia, 
and all patients were discharged the next day. None 
of the patients had to use a neck collar, and free neck 
motion was encouraged (5,6). Regarding the postop-
erative follow-up, the patients were scheduled to visit 
the outpatient clinic at one, 3, 6, and 12 months, and 
yearly thereafter. At each visit, the patients were asked 
to complete the same questionnaires to describe their 
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Radiological Evaluation 
Patients were subjected to x-rays in the neutral, 

flexion, and extension neck postures. The patients 
were asked to stand and look straight ahead for the 
neutral position and to flex and extend neck to the ex-
tent they could tolerate for the flexion and extension 
x-rays (5,6,21). The same protocol was followed for all 
preoperative and postoperative imaging. To measure 
cervical curvature, we used cervical angles between C2 
and C7 using the tangential method (CA) and using the 
segmental Cobb angle at the operative level (SA) (Fig. 
1). These radiological parameters were measured on 
the neutral, flexion, and extension lateral x-ray images 
that were taken at the preoperative and follow-up 
visits (3, 6, and 12 months). Negative angles indicated 
lordosis, and positive angles indicated kyphosis. Cervi-
cal spine range of motion (C-ROM) was calculated by 
subtracting the cervical angle during extension (CAE) 
from the cervical angle during flexion (CAF), while the 
ROM of the operated segment (S-ROM) was similarly 
calculated by subtracting the segmental angle dur-
ing extension (SAE) from the segmental angle during 
flexion (SAF). The cervical curvatures of the patients 
were classified as lordosis (CA ≤ -10°), hypo-lordosis 
(-10° – 0°), or kyphosis (CA > 0°). To assess the cervi-
cal sagittal alignments, the C2 sagittal vertical axes 

symptoms. Plain radiographs including dynamic images 
were also obtained at the 3-, 6-, 12-, and 24-month post-
operative visits (5,6). 

A retrospective study was designed to compare 
the outcomes after P-PECF between the patients with 
cervical lordosis of ≥ 10° (group I) and the patients with 
cervical lordosis of < 10° (group II). The clinical outcomes 
were evaluated in all 71 patients through reviews of 
medical records and telephone contacts. Because this 
research was performed retrospectively, not all the 
patients completed x-ray imaging at every follow-up, 
and 46 of the 71 patients  who had at least 2 follow-
up images during the postoperative 12 months  were 
analyzed in this study. The characteristics of patients are 
described in Table 1.

Surgical Techniques 
Surgical techniques were similar to those previ-

ously reported (5,6,12,13). All of the operations were 
performed under general anesthesia with the patient in 
a prone position using 3-point skeletal pin fixation de-
vices with a table-mounted Mayfield® holder (Intergra, 
New Jersey, USA) or in craniocervical traction using a 
Gardner-Wells tong skeletal fixation system (5,6). After 
a skin incision of 8 mm was made above the medial junc-
tion of the inferior and superior facet joint (V-point), 
which was identified with an intraoperative orthogo-
nal fluoroscopic image, the obturator (6.9 mm outer 
diameter), working channel (8.0 mm outer diameter), 
and endoscope (4.1 mm working channel, Vertebris®, 
Richard Wolf GmbH, Knittlingen, Germany) were in-
troduced (5,6,16). The entire operation was performed 
under visual control and continuous irrigation with nor-
mal saline, which was hung approximately 1.5 m above 
the patient (5,6,12,13,16). After the clearing out of the 
soft tissue around the V-point, the descending lamina, 
ascending lamina, and facet joint were serially drilled 
out. The size of the bony drilling was dependent on 
the size and location of the herniated disc material and 
the extent of stenosis, and it was usually within a 3 – 4 
mm radius around the V-point for soft disc herniations 
and 5 – 6 mm for foraminal stenoses (5,6,16). Ruptured 
fragments of the disc were removed from the axillary or 
shoulders of the nerve roots in 30/46 patients. Decom-
pression of the nerve root was confirmed by both visu-
alization and palpation from points either inferior or 
superior to the nerve root (5,6,16). After the operation, 
a closed suction drain was inserted through the working 
channel in cases of epidural bleeding, and the drain was 
removed the next day (5,6,16).  

Table 1. Characteristics of  patients. 

Group I
(n = 23)

Group II
(n = 23)

Total P-value*

Age 52.3 ± 9.8
(31 – 68)

46.3 ± 12.7 
(26 – 70)

49.3 ± 11.6
(26 – 70) 0.10

Sex (M:F) 15:8 15:8 30:16 1.00

Level

C4-5 3 2 5

C5-6 6 6 12

C6-7 11 14 25

C7-T1 3 1 4

Side (R:L) 7:16 11:12 18:28 0.23

Soft disc 
herniation 15 15 30 1.00

Kyphosis 0 8 8

Clinical F/U 26.1 ± 19.4
(3 – 62)

26.6 ± 20.2
(3 – 61)

25.8 ± 19.6
(3 – 62) 0.99

Radiological 
F/U

12.3 ± 13.8
(3 – 55)

14.6 ± 14.6
(3 – 53)

13.5 ± 14.1
(3 – 55) 0.43

*comparison between group I and II 
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(C2-SVA) and T1 slope angles (T1Ss) were measured 
(21-26) (Fig. 1). The C2-SVA and the mismatch between 
the T1S and CA (T1S-CA; T1S + CA) were used to evalu-
ate the sagittal balance (25,27). A researcher who was 
blinded to the patient information completed all the 
radiological measurements. The measurements and the 

analysis were performed with 150% magnified views 
using measuring tools in the image archiving and com-
munication software (Marosis, version 5483, Infinitt 
Healthcare, Seoul, Korea), which was run in a Microsoft 
Windows environment (Microsoft Corp., Redmond, 
WA, USA) (28). 

Statistical Analysis 
The patients were combined into groups I (CA 

≤ -10°; n = 23) and II (CA > -10°; n = 23). Radiological 
and clinical outcomes were compared between group 
I and group II. Normalities of the continuous variables 
were checked using the Shapiro-Wilk test and Q-Q plots. 
Mann-Whitney  U tests (or t-tests) and Chi-square tests 
were used to compare between groups. The minimal 
clinically important difference (MCID) of the Arm-VAS, 
Neck-VAS, and NDI values were set at 2.5, 2.5, and 7.5, 
respectively, in accordance with the previous literature 
(29). Clinically, both the disappearance of a positive 
Spurling’s test and a decrease in the Arm-VAS of more 
than the MCID were considered successful outcomes. 
A Kaplan-Meier survival analysis and a Cox-regression 
analysis were performed to assess influences of cervical 
curvature on the Arm-VAS, Neck-VAS, and NDI. Linearity 
assumptions for the continuous variables (age, preop-
erative neck-VAS, and preoperative NDI) were examined 
using restricted cubic splines. The proportional hazard 
assumption was tested using the Cox proportional haz-
ard model with an interaction term with time. A linear 
mixed-effect model, which represents correlation among 
repeated measures from a subject,  was used to assess 
the longitudinal changes in the cervical curvatures (CA, 
CAF, CAE, and C-ROM), segmental curvatures (SA, SAF, 
SAE, and S-ROM), and sagittal balances (C2-SVA, and 
T1S-CA) during the postoperative 12 months. The fixed 
effects were group, time, the interaction between group 
and time, age, and gender, while the random effect was 
subjects. The post hoc analysis using a stepdown Bonfer-
roni method was planned for the radiological outcomes 
with the significant interaction effects as follows: the 
time trend in each group, changes between the pre-
operation and post-operation time points (3, 6, and 12 
month) for the groups with significant time trends, and 
the group differences at each time point. Specifically, the 
adjusted mean changes during the first 3 months after 
the operation were estimated using the 99.5% confi-
dence intervals using the mixed-effect model. All of the 
statistical analyses were performed using SAS (version 
9.2, SAS Institute, Cary, NC, USA), and statistical signifi-
cance was defined as P < 0.05 (two-sided). 

Fig. 1. Radiological measurements.  The cervical angle 
(CA) was measured from C2 to C7 using the tangential 
method. The segmental angle (SA) was measured from the 
superior endplate to the inferior endplate of  the cephalic 
and caudal vertebra using Cobb’s method. Similarly, CA 
and SA were measured using flexion (CAF and SAF) and 
extension (CAE and SAE) x-rays. The T1 slope angle 
(T1S) was measured between the horizontal line and the 
extension line along superior the endplate of  T1. The C2 
plumb line was drawn from the center of  C2. The C2-SVA 
was measured as the shortest perpendicular distance to the 
posterior superior corner of  C7.
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Results

Clinical Outcome
The clinical outcomes 

are described in Table 2. All 
the clinical parameters were 
significantly decreased at the 
last follow-up without statisti-
cally significant differences 
between the groups. Success-
ful outcomes were initially 
obtained in 21/23 (91%) of the 
patients in group I and 23/23 
(100%) of the patients in group 
II after means of 1.7 ± 0.31 
months (median one month; 
range, 1 – 3) and 1.09 ± 0.09 
months (median one month, 
range, 1 – 3), respectively, 
without differences between 
the groups (P = 0.67) (Fig. 2). 
Because the patients were 
followed at pre-determined 
time points, the improvements 
in arm pain were regarded to 
have occurred between one 
and 3 months after the surger-
ies (30). Age, gender, preop-
erative neck-VAS, preoperative 
NDI, and disease type (soft disc 
herniation vs. foraminal steno-
sis) were not significant predic-
tive factors for the outcomes 
of the surgery (P = 0.77, 0.84, 
0.99, 0.60, and 0.70, respec-
tively). During the follow-up 
period, arm pain remained sig-
nificantly improved in most pa-
tients, but one patient in each 
group experienced recurrence 
of arm pain at postoperative 
24 and 36 months. The patient 
in group I underwent revision 
P-PECF at C7-T1 at postop-
erative 28 months due to arm 
pain (7/10) and weakness in 
the hand (C8 radiculopathy). 
A recurred foraminal disc was 
removed with revision P-PECF, 
and the weakness and arm 
pain has since improved. The 

Table 2. Clinical outcomes. 

*comparison between groups; Kruskall-Wallis test 

Group I
(n = 23)

Group II 
(n = 23)

Total P-value*

NDI (preop)
Median (min, max) 20 (12, 42) 25 (11, 36) 24.5 (11, 42) 0.22

NDI (final) 2 (0, 21) 0 (0, 10) 1 (0, 21) 0.4

Neck-VAS (preop) 5 (0, 9) 6 (0, 10) 6 (0, 10) 0.24

Neck-VAS (final) 0 (0, 7) 0 (0, 6) 0 (0, 7) 0.98

Arm-VAS (preop) 7 (4, 10) 8 (5, 10) 7 (4, 10) 0.12

Arm-VAS (final) 1 (0, 5) 0 (0, 6) 0 (0, 7) 0.68

Fig. 2. Improvement of  arm pain. Successful outcomes were initially obtained in 21/23 
(91%) of  the patients in group I and 23/23 (100%) of  the patients in group II after 
means of  1.7 ± 0.31 months (median one month; range, 1 – 3) and 1.09 ± 0.09 months 
(median one month, range, 1 – 3), respectively, without differences between the groups (P 
= 0.67). 

other patient in group II received epidural injections, and the pain subsided dur-
ing the remaining follow-up period (60 months). At the last follow-up, 20/23 
(87%) of the patients in group I and 23/23 (100%) of the patients in group II 
exhibited successful outcomes. 

The MCIDs of the NDIs were initially reached in 21/23 (91%) of the patients 
in group I and 23/23 (100%) of the patients in group II at means of 3.1 ± 0.88 
months (median 2 months, range 1 – 12) and 1.30 ± 0.23 months (median one 
month; range 1 – 6), respectively. Similarly, the MCIDs of the Neck-VASs were 
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reached in 21/23 (91%) of the patients in group I at a 
mean of 3.0 ± 0.81 months (median one month, range, 
1 – 12) and in 23/23 (100%) of the patients in group II 
at a mean of 2.91 ± 0.79 months (median one month; 
range, 1 – 12). The times for improvements in the NDIs 
and Neck-VASs were not different between the groups 
(P = 0.37 and 0.99, respectively). During the follow-up 
period, aggravation of neck pain and NDI occurred in 3 
patients (2 patients in group I and one patient in group 
II) at 24 months, 27 months, and 36 months, respec-
tively. Two of these 3 patients experienced recurrence 
of combined arm pain as mentioned earlier. The neck 
pain, arm pain, and NDI were controlled with medica-
tion and physiotherapy with or without epidural injec-
tions in the 2 patients. As mentioned, reoperation was 
necessary in one patient in group I. 

Radiological Outcomes 
Using the mixed effect models, the interactions 

between group and time were significant in CA (P 
= 0.004), CAE (P < 0.001), C-ROM (P < 0.001), SA (P = 
0.043), SAE (P < 0.001), and S-ROM (P = 0.014) with the 
exception of CAF (P = 0.392) and SAF (P = 0.513). The 
group differences were evaluated at each time. CA 
(adjusted-P < 0.001), CAE (adjusted-P <0.001), C-ROM 
(adjusted-P = 0.046), and SAE (adjusted-P = 0.031) were 
significantly different between the groups at pre-oper-

ation, but SA (adjusted-P = 0.142) and S-ROM (adjusted-
P = 0.164) were not statistically different (Table 3). Only 
CA was significantly different between the groups at 
3 (adjusted-P = 0.002), 6 (adjusted-P = 0.001), and 12 
(adjusted-P = 0.015) months after the operations. The 
other parameters were not significantly different be-
tween the groups after the operations (adjusted-P > 
0.05) (Figs. 3 and 4).

The time trend of the radiological parameters with 
the significant interaction effects between group and 
time are reported for each group. The values were 
significantly changed during the follow-up period in 
group II but not in group I (Figs. 3 and 4). Specifically, 
in group II, the changes mostly occurred within the 3 
postoperative months. The CA, CAE, SA, and SAE values 
decreased to 11.73° (99.5% CI: 6.85 – 16.61, adjusted-P 
< 0.001), 19.87° (99.5% CI: 12.32 – 27.42, adjusted-P < 
0.001), 2.97° (99.5% CI: -0.22 – 6.16, adjusted-P = 0.063), 
and 5.50 (99.5% CI: 3.41 – 7.58, adjusted-P < 0.001), 
respectively. C-ROM and S-ROM values increased to 
20.32° (99.5% CI: 11.43 – 29.20, adjusted-P < 0.001) and 
4.46° (99.5% CI: 1.43 – 7.49, adjusted-P < 0.001). The 
CAF and SAF values did not significantly change  (P > 
0.05). Preoperatively, the CA was ≤ -10° (lordosis) in 23 
patients, -10° – 0° (hypo-lordosis) in 15 patients and > 
0° (kyphosis) in 8 patients. Postoperatively, 6/8 patients 
with cervical kyphosis and 11/15 patients with cervical 
hypo-lordosis had lordotic cervical curvatures, whereas 
1/23 patients with lordotic cervical curvature had hypo-
lordotic cervical curvature (preoperative CA, -16.17°; 
postoperative 12 months CA, -7.89°). 

When the mixed effect model was used, the inter-
actions between time and group for the parameters 
of sagittal balance (C2-SVA and T1S-CA) were also sig-
nificant (P = 0.017 and 0.037, respectively, Figs. 5 and 
6). Preoperatively, the C2-SVAs were higher in group 
II than in group I (adjusted-P = 0.039). The C2-SVAs 
were markedly decreased during the follow-up period 
in group II compared with group I (Fig. 5). The C2-SVA 
was significantly decreased by 10.56 mm (99.5% CI: 2.58 
– 18.55, adjusted-P = 0.002) during 12 months but no 
significant change was observed in group I (Fig. 5).  

Preoperative T1S-CA was significantly higher in 
group II than in group I (adjusted-P = 0.002). However, 
the increased CA compensated for the mismatch be-
tween T1S and CA, and this finding was more promi-
nent in group II than in group I (Fig. 6). The T1S-CA was 
significantly decreased by 10.82° (99.5% CI: 3.94 – 17.70, 
adjusted-P < 0.001) in group II during 12 months, but 
was not in group I. 

Table 3. Preoperative radiological parameters. 

CA, cervical angle; CAF, cervical angle in flexion; CAE, cervical angle 
in extension; C-ROM, range of motion of cervical curvature; SA, seg-
mental angle; SAF, segmental angle in flexion; SAE, segmental angle in 
extension; S-ROM, range of motion of segmental curvature; T1S-CS, 
mismatch between T1 slope angle and cervical angle; C2-SVA, hori-
zontal distance from C2 plumb line to C7.

Group I Group II Total 

CA -18.32 ± 6.52 -0.38 ± 7.38 -9.35 ± 11.38 

CAF 12.60 ± 10.14 19.39 ± 10.31 16.00 ± 10.67 

CAE -28.35 ± 7.69 -11.71 ± 13.42 -20.03 ± 13.70 

C-ROM 40.70 ± 12.71 31.10 ± 18.42 35.90 ± 16.38 

SA -2.65 ± 5.23 1.56 ± 6.12 -0.50 ± 6.02 

SAF 5.58 ± 5.48 6.58 ± 5.42 6.11 ± 5.41 

SAE -3.57 ± 4.43 0.13 ± 4.35 -1.63 ± 4.72 

S-ROM 9.15 ± 6.51 6.45 ± 4.97 7.74 ± 5.84 

T1S-CA 7.10 ± 6.30  17.05 ± 9.36 12.30 ± 9.41 

C2-SVA 22.28 ± 10.57 29.28 ± 12.61 25.94 ± 12.08 
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Fig. 3. The means of  the cervical curvatures adjusted for age 
and gender. 
a. CA: The changes in CA were significantly different between 
the groups (P = 0.004). The CAs changed significantly in 
group II (P < 0.001) but did not change in group I (P = 
0.218). 
b. CAE: The changes in the CAEs were significantly 
different between the groups (P < 0.001). The CAE changed 
significantly in group II (P < 0.001) but not in group I (P 
= 0.240). 
c. C-ROM: The changes in the C-ROMs were significantly 
different between the groups (P < 0.001). The C-ROMs 
changed significantly in group II (P < 0.001) but not in 
group I (P = 0.355). 
Abbreviations: CA, cervical angle; CAE, cervical angle on extension; 
CAF, cervical angle on flexion; C-ROM, cervical range of motion.

3a.

3b.

3c.

4a.

4b.

4c.

Fig. 4. The means of  the segmental curvatures adjusted for 
age and gender. 
SA: The changes in SA were significantly different 
between the groups (P = 0.043). The SA changed 
significantly in group II (P = 0.001) but not in group I 
(P = 0.794). 
SAE: The changes in the SAEs were significantly 
different between the groups (P < 0.001). The SAE 
changed significantly in group II (P < 0.001) but not in 
group I (P = 0.439). 
S-ROM: The changes of  in the SAs were significantly 
different between the groups (P = 0.014). The S-ROM 
changed significantly in group II (P < 0.001) but not in 
group I (P = 0.867). 
Abbreviations: SA, segmental angle; SAE, segmental angle on 
extension; S-ROM, range of motion on the operated segment. 
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Case 
A 49-year-old woman visited the outpatient clinic 

due to left arm pain and subjective weakness on left 
elbow extension, which had begun 2 months ago and 
was not improved with medication and epidural injec-
tions. Spurling’s test was positive. The NDI, Arm-VAS, 
and Neck-VAS were 25/50, 9/10, and 8/10, respectively. 
Preoperative cervical MRI revealed left C6-7 foraminal 

soft disc herniation (Fig. 7a). Cervical radiographs re-
vealed kyphotic cervical and segmental curvature (Fig. 
7b). P-PECF was performed, and a ruptured disc frag-
ment was removed (Fig. 7c). The clinical symptoms were 
improved (NDI, 1/50; Arm-VAS, 1/10; neck-VAS, 0/10) at 
one month after the operation. Cervical radiographs 
taken at postoperative 3 months revealed improved 
cervical and segmental curvature and sagittal balance 
(Fig. 7d). 

discussion 
The present study revealed that clinical improve-

ments were achieved between one and 3 months after 
the operations without difference between the groups. 
However, the radiological changes of the cervical spine 
with time were significantly different between groups. 
The analysis of the cervical kinematics revealed that 
there were greater improvements in the cervical and 
segmental curvatures in the neutral and extension posi-
tions in group II than in group I. After the P-PECF opera-
tions, lordosis was restored in 17/23 (74%) patients in 
group II. The changes occurred mostly during the first 3 
postoperative months in accordance with the improve-
ments in symptoms. Similarly to the cervical curvatures, 
the cervical sagittal balances were improved after sur-
gery within the first 3 months. The outcomes of the sur-
geries suggested that the patients, who had developed 
cervical hypo-lordosis or kyphosis due to pain (group II), 
could extend their necks more freely because provoca-
tive pain was reduced after P-PECF. The patients with 
cervical lordosis (group I) could move their necks to the 
extents similar to those of the preoperative states.  

Application of P-PECF for Patients with 
Cervical Lordosis Less than 10°

Although more evidence is needed, cervical kypho-
sis may be associated with neck pain and accelerated 
degenerative processes (19,24,25,31,32). Therefore, 
correction of preoperative cervical hypo-lordosis  and 
maintenance of the lordotic curvature  are important 
issues in evaluating the outcomes of spinal surgery. 
(19,24,25,31,32). Cervical hypo-lordosis less than 10° 
has been reported to be a risk factor for the progres-
sion to cervical kyphosis after open foraminotomy (2,3). 
Although P-PECF is a minimally invasive surgical tech-
nique, its application in patients with decreased cervical 
lordosis may be controversial (2,3,6). Approximately 1/3 
to 1/2 of facet joints are typically violated during open 
foraminotomy procedures (2), whereas less than 10% of 
facet joints are removed during P-PECFs (6). Therefore, 

Fig. 5. The means of  the C2 sagittal vertical axes (C2-SVA) 
adjusted for age and gender. The changes in the C2-SVA 
were significantly different between the groups (P = 0.017). 
The C2-SVA changed significantly in group II (P < 
0.001) but not in group I (P = 0.520). 

Fig. 6. The means of  the mismatches between T1 slope angles 
and cervical angles (T1S-CAs). The changes in the T1S-
CAs were significantly different between the groups (P = 
0.037). The T1S-CA changed significantly in group II (P 
< 0.001) but not in group I (P = 0.158).
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Fig 7. Case. 

A. Preoperative sagittal (left) and axial (right) 
T2-weighted magnetic resonance images showing 
the foraminal disc herniation at the left C6-7 
(arrow). 

B. Cervical radiographs showing the kyphotic 
cervical and segmental curvature (CA, 5.07°; 
CAF, 9.46°; CAE, 1.25°; C-ROM, 8.21°; 
SA 3.73°; SAF, 7.33°; SAE, 0.73°; S-ROM, 
6.6°; C2-SVA, 33.75 mm; T1S-CA, 18.53°). 

C Postoperative sagittal (left) and axial (right) T2-weighted 
magnetic resonance images showing the decompressed left C5-
6. The middle figure shows a removed disc fragment. 

D. After the operation, the cervical and 
segmental curvatures were reversed to 
lordotic curvatures (CA, -16.26°; CAF, 
6.25°; CAE, -22.45°; SA, -0.53°; SAF, 
2.16°; SAE, -1.37°; C-ROM, 28.7°; C2-
SVA, 15.13 mm; T1S-CA, -2.8°).
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the influence of surgery-related injuries associated with 
P-PECF to the cervical curvature may be different than 
that of open foraminotomy (2,6). 

In the present study, the patients’ neck extensions 
were improved after the operations as clinically dem-
onstrated by the disappearance of a positive Spurling’s 
test (6,15). Improvements in cervical curvature toward 
lordosis were more marked in the patients with cervical 
lordosis less than 10° (group II) than in the patients with 
cervical lordosis more than 10° (group I) (6). Although 
we were unable to provide an exact mechanism for 
these radiological changes, we hypothesize that the 
preoperative cervical hypo-lordosis or kyphosis was not 
a structural change but a functional change in reaction 
to radicular pain (33), and the successful alleviation 
of the pain might have restored the lordosis. Similar 
findings have been observed in patients with lumbar 
sciatic trunk lists in the previous study (30). Therefore, 
the postoperative changes were not direct effects of 
surgery but were secondary effects of reduced pain as 
demonstrated by the disappearance of a positive Spurl-
ing’s test. 

Limitations
This study was retrospective in design, and the 

inherent selection bias and limited statistical power 
should be considered. Moreover, all the patients did 
not undergo serial radiographs during the follow-up 
period. A larger prospective study is required to iden-
tify prognostic factors related to the recovery of the 
cervical lordosis. Secondly, although we demonstrated 
that functional cervical curvature may change with 
decreased pain, the differentiation between structural 
and functional curvature was not simple. According to 

previous reports, cervical deformity can be defined as a 
C2-SVA greater than 4 cm or cervical kyphosis greater 
than 10 degrees (25). In the present study, the C2-SVAs 
were greater than 4 cm in 6 patients and changed to 
less than 4 cm in 5 patients after surgery. In 2 patients, 
cervical kyphosis greater than 10° was observed, but 
this kyphosis was reversed to lordosis greater than 10° 
and kyphosis of 1.07°, respectively. Despite the cervical 
curvature that met the previously established criteria 
for cervical deformity, these patients were not classified 
as having cervical deformities because instrumented 
corrections were not necessary (25). Lastly, surgical in-
jury at a facet joint and musculature may counteract 
to the indirectly positive effects on cervical curvature 
that are obtained by the alleviation of pain. Long-term 
follow-up observations of a large number of patients 
are required to identify the trade-off between the 
natural return of curvature and the aggravation of the 
curvature due to of surgical trauma. Nonetheless, the 
present study demonstrated that cervical hypo-lordosis 
or kyphosis may be spontaneously reversed with de-
creased pain and muscle spasms (6,15)  when there is 
minimal degeneration of the disc and facet joint. 

conclusions 
Cervical hypo-lordosis of less than 10° may not be 

a contra-indication for P-PECF when the change in the 
cervical curvature is a functional change caused by pain. 
If degenerations at the disc and facet joint are minimal, 
anticipating the natural return of the cervical curvature 
with a minimally invasive surgical technique and defer-
ring instrumented correction may be an alternative 
option for selected patients. However, a larger prospec-
tive study is required to identify prognostic factors.
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