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Objective : This study analyzed the risk factors in patients who developed distal junctional kyphosis (DJK) after posterior cervical 
fusion.
Methods : We retrospectively analyzed the clinical and radiographic outcomes of 64 patients, aged ≥18 years (51 and 13 male and 
female patients, respectively), who underwent single-staged multilevel (3–6 levels) posterior cervical fusion surgery due to multiple 
cervical spondylotic myelopathy. The surgeries were performed by a single spinal surgeon between January 2012 and December 
2017. Demographic data, clinical outcomes, and radiological results were collected. We divided the patients into a DJK group and a 
non-DJK group according to the presence of DJK and investigated the risk factors by comparing the differences between the two 
groups.
Results : Of the 64 patients, 13 developed DJK. No significant differences in clinical results were observed between the two groups 
before and immediately after the surgery. At the final follow-up, a higher visual analog score for neck pain was observed in the DJK 
group compared to the non-DJK group (p<0.01). The DJK group had a significantly lower T1 slope and a significantly higher C2-7 
sagittal vertical axis (SVA) before surgery compared to the non-DJK group (p=0.03 and p<0.01, respectively). Immediately after 
surgery, the difference between the two groups decreased and no significant difference was observed. However, at the last follow-
up, a significantly higher C2-7 SVA was observed in the DJK group (p<0.01). At the last follow up, there is no discrepancy in T1S-CL. In 
multiple logistic regression analysis, preoperative higher C2-7 SVA and preoperative lower T1 slope were identified as independent 
risk factors (p=0.03 and p<0.01, respectively). As a result, it was confirmed that DJK occurred along the process of returning to 
preoperative values.
Conclusion : DJK can be considered to be caused by cervical misalignment due to excessive change in the surgical site in patients 
with low T1 slope and high C2-7 SVA before surgery. This also affects the clinical outcome after surgery. It is recommended to 
refrain from excessive segmental lordosis changes during multilevel cervical post fusion surgery, especially in patients with a small 
preoperative T1 slope and a large SVA value.
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INTRODUCTION

Cervical spondylotic myelopathy (CSM) is one of the most 

common spinal disorders treated by spinal surgeons world-

wide. CSM often presents in the elderly with several signs and 

symptoms, including neck pain, radiculopathy, or myelopa-

thy1,28).

Posterior cervical spinal fusion with decompression is one 

of the possible treatment options in patients with CSM who 

have conditions such as spondylosis, spinal stenosis, and de-

generative disc disease24). The development of distal junctional 

kyphosis (DJK) after cervical fusion surgery can be one of the 

possible concerns just like the development of proximal junc-

tional kyphosis after thoracolumbar fusion surgery.

DJK may lead to fixation failure, disc degeneration, distal 

level fractures, or spondylolisthesis, resulting in pain, myelop-

athy, or deformities17). The development of proximal junction-

al kyphosis and its characteristics and incidence following 

thoracolumbar fusion surgery have been well-known. Howev-

er, the development of DJK following cervical spinal fusion 

surgery has not been studied or reported4,7,18,30). In this study, 

the development and risk factors of DJK after posterior cervi-

cal spinal fusion surgery were analyzed.

MATERIALS AND METHODS

Study population
Approval for this study was obtained from the participating 

center’s Institutional Review Board of Gangneung Asan Hos-

pital (IRB No. GNAH 2020-12-009). We retrospectively ana-

lyzed the clinical and radiographic outcomes of 64 patients 

aged ≥18 years (51 males and 13 females) who had multilevel 

CSM and underwent single-stage multilevel (3–6 levels) poste-

rior cervical fusion surgery. The surgeries were performed by a 

single spine surgeon between January 2012 and December 

2017. The surgical level was from C2 to C7. The Neck Disability 

Index (NDI) score and Visual analog score (VAS) of the arm 

and neck were used to measure clinical results. We also com-

pared preoperative and postoperative (last follow-up) values.

Demographic data were collected for all patients, including 

age, sex, underlying disease, smoking history, body mass in-

dex (BMI), surgical details, follow-up information, electronic 

medical records, and radiographic image reviews. Exclusion 

criteria were previous cervical spine surgery, anterior surgery, 

follow-up less than 24 months, and surgery for other reasons.

We divided patients into DJK and non-DJK groups accord-

ing to the presence of DJK at the last follow-up. DJK was de-

fined as the changes of an angle of -10° or less at the distal disc 

level from the end of the fusion construct between baseline 

and final follow up23).

Surgical procedure 
We performed cervical pedicle screw (CPS) insertion in all 

posterior cervical spinal fusion patients. The safety and effica-

cy of subaxial CPS placement have been validated multiple 

times11,20,22). Although the CPS placement with a freehand 

technique had been primarily considered, some lateral mass 

screw conversions or skipping of screw were also done8,31).

Following screw insertion and decompression, we extended 

the patient’s head position using remote-controlled table head 

segments to achieve ideal lordosis from 15–30 degrees1).

Radiologic evaluation
Cervical lordosis (CL) from C2 to C7, the T1 slope, the seg-

mental angle index level, and the C2-7 sagittal vertical axis 

(SVA) were evaluated via lateral cervical X-ray (Fig. 1). Radio-

Fig. 1. Standard lateral cervical X-ray before and immediately after sur-
gery. Standard lateral cervical X-ray before (A) and immediately after sur-
gery (B). Pre-op : preoperative, SL : segmental lordosis, CL : cervical lor-
dosis, SVA : sagittal vertical axis, Post-op : postoperative.

A B
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graphic parameters were measured before surgery, immedi-

ately after surgery, and at the last follow-up visit, and the 

changes in those parameters were analyzed. All radiographs 

were prepared using a photo archiving and communication 

system (PetaVision for Clinics version 2.0; Asan Medical Cen-

ter, Seoul, Korea).

All radiographic parameters were compared between the 

two groups.

Statistical analysis
Data are expressed as percentages and presented as mean±

standard deviation. Student’s t-test was used to analyze the 

differences between continuous variables. p-values less than 

0.05 were considered statistically significant, and multivariate 

logistic regression analysis was performed to identify indepen-

dent factors that help predict the development of DJK after 

posterior cervical spinal fusion. Statistical Package for the So-

cial Sciences (SPSS) Statistics for Windows, version 17.0 (IBM, 

Armonk, NY, USA), was used for all statistical analyses.

RESULTS

Demographic parameters
A total of 64 patients with multilevel CSM were included in 

this study, where 13 developed DJK and 51 did not. Of the 13 

patients with DJK, three were asymptomatic and 10 experi-

enced neck pain around the operated site (VAS score ≥4) after 

Table 1. Characteristics of patients who developed DJK after surgery

No. Age (years)/sex Fusion level Follow-up duration (months) Revision Symptom at last follow-up

1 55/M C3-4-5-6-7 27 X Posterior neck pain 

2 70/F C4-5-6-7 23 X Asymptomatic

3 76/M C3-4-5-6-7 24 X Posterior neck pain

4 64/M C3-4-5-6-7 30 X Posterior neck pain 

5 55/M C3-4-5-6 38 X Posterior neck pain

6 63/F C3-4-5-6 24 X Posterior neck pain

7 47/M C4-5-6-7 24 X Posterior neck pain

8 80/F C4-5-6 30 X Asymptomatic

9 55/M C5-6-7 32 X Posterior neck pain

10 73/M C3-4-5-6 36 ACDF C6-7 Posterior neck pain and radiculopathy

11 57/M C5-6-7 26 X Posterior neck pain

12 69/M C4-5-6-7 25 X Asymptomatic

13 55/M C3-4-5-6-7 24 X Posterior neck pain 

DJK : distal junctional kyphosis, M : male, F : female

Table 2. Demographics of the DJK  and non-DJK groups

DJK group (n=13) Non-DJK group (n=51) p-value

Age (years) 62.15±9.50 60.52±10.41 0.61

Sex, M : F 8 : 5 45 : 6 0.28

Fusion level 3.30±0.85 2.84±0.88 0.09

Hypertension 6 17 0.39

Diabetes mellitus 4 11 0.43

Smoking 6 19 0.19

Body mass index (kg/m2) 24.19±2.66 24.47±3.56 0.79

Follow-up duration (months) 39.31±12.44 28.83±12.14 0.14

Values are presented as mean±standard deviation or number (%) unless otherwise indicated. DJK : distal junctional kyphosis, M : male, F : female



J Korean Neurosurg Soc 65 | July 2022

552 https://doi.org/10.3340/jkns.2021.0192

surgery (Table 1). Only one among the 10 patients underwent 

revisional anterior cervical discectomy and fusion surgery to 

resolve radiculopathy caused by distal junctional problem. 

This patient, who underwent posterior C3-4-5-6 levels fusion 

Table 3. Clinical outcomes for each period in both groups

DJK group (n=13) Non-DJK group (n=51) p-value

VAS, neck

Preoperative 7.69±1.31 7.11±2.02 0.33

Postoperative 2.23±1.96 3.41±2.25 0.08

Last f/u 2.63±1.75 1.62±1.19 0.01

VAS, arm

Preoperative 5.53±2.75 6.72±2.20 0.10

Postoperative 1.92±0.86 2.76±1.64 0.09

Last f/u 2.61±1.60 2.31±1.71 0.56

NDI

Preoperative 26.76±11.05 26.50±10.77 0.93

Postoperative 10.07±7.34 13.43±9.51 0.24

Last f/u 15.61±8.37 10.47±8.45 0.06

Values are presented as mean±standard deviation. DJK : distal junctional kyphosis, VAS : visual analog scale, f/u : follow-up, NDI : Neck Disability Index

Table 4. Comparison of radiologic parameters between the DJK and non-DJK groups

DJK group (n=13) Non-DJK group (n=51) p-value

T1 slope (°)

Preoperative 20.26±6.53 25.64±8.57 0.03

Immediate postoperative 28.94±7.53 29.03±6.67 0.96

Last f/u 24.20±8.31 26.41±8.31 0.36

CL (°)

Preoperative 8.07±9.07 11.21±9.07 0.29

Immediate postoperative 19.38±11.27 17.01±8.62 0.41

Last f/u 9.84±9.71 13.23±8.63 0.22

SL (°)

Preoperative 4.69±7.75 7.11±7.57 0.30

Immediate postoperative 15.15±11.31 11.96±6.40 0.18

Last f/u 11.38±10.68 9.58±6.40 0.43

C2-7 SVA (mm)

Preoperative 31.92±9.24 22.29±8.95 <0.01

Immediate postoperative 22.13±8.54 16.96±9.24 0.08

Last f/u 30.59±13.88 21.57±8.86 <0.01

T1 slope – CL(°)

Preoperative 12.18±4.40 14.42±6.68 0.25

Immediate postoperative 9.56±6.45 12.02±7.53 0.28

Last f/u 16.63±5.72 13.18±7.79 0.14

Values are presented as mean±standard deviation. DJK : distal junctional kyphosis, f/u : follow-up, CL : cervical lordosis, SL : segmental lordosis, SVA : 
sagittal vertical axis
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surgery before 2 years, complained of radiculopathy caused by 

disc degeneration, stenosis, and kyphosis at C6-7 level.

The mean patient age was 60.85±10.18 years, and the mean 

follow-up period was 35.09±11.13 months. No significant dif-

ference between DJK and non-DJK groups was observed in sex, 

age, underlying diseases, BMI, or smoking history (Table 2).

Clinical outcomes
The clinical outcomes of all the patients showed improve-

ment. There were no significant differences in the VAS scores 

of the arm or neck or in the NDI between the two groups be-

fore and after surgery. Higher NDI and VAS values were ob-

served at the last follow-up in the DJK group than in the non-

  T1 slope       C2-7 lordosis      Seg. lordosis       C2-7 SVA
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Fig. 2. T1 slope, cervical lordosis, segmental lordosis and sagittal vertical axis values preoperatively, postoperatively, and at the final follow-up. Final 
follow-up and preoperative values for T1 slope, cervical lordosis, and sagittal vertical axis were similar. These similarities were statistically significant 
(p<0.01). op : operation, f/u : follow-up, Seg. : segmental, SVA : sagittal vertical axis.

A B C

Fig. 3. CL, SL, T1 slope increased and C2-7 SVA decreased immediately but eventually returned to preoperative values (A). Changes to T1 slope, CL, SL, 
and C2-7 SVA immediately postoperatively (B) and at the final follow-up (C). CL : cervical lordosis, SL : segmental lordosis, SVA : sagittal vertical axis.
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DJK group. A significant difference was observed in the VAS 

scores of the neck (p=0.01) (Table 3).

Radiographic outcomes
Significant differences were found in the T1 slope and C2-7 

SVA (p=0.03 and p<0.01; respectively) (Table 4). Immediately 

after surgery, no significant difference in the T1 slope and 

C2-7 SVA was observed. However, at the last follow-up, a sig-

nificant difference was observed in the C2-7 SVA (DJK group, 

30.59±13.88; non-DJK group, 21.57±8.86; p<0.01).

In all the patients, the cervical spinal radiological parameters 

tended to return to their preoperative values (Figs. 2 and 3). 

Table 5. Differences in cervical parameters before and after surgery

DJK group (n=16) Non-DJK group (n=25) p-value

Δ T1 slope 8.69±4.04 3.40±5.81 0.03

Δ CL 11.30±7.34 5.80±7.25 0.01

Δ SL 10.46±7.95 4.84±6.04 <0.01

Δ C2-7 SVA 8.94±5.32 5.34±6.80 0.08

Δ T1 – CL 2.61±4.51 2.40±6.82 0.91

Values are presented as mean±standard deviation. Δ = immediate postoperative value – preoperative value. DJK : distal junctional kyphosis, CL : cervi-
cal lordosis, SL : segmental lordosis, SVA : sagittal vertical axis

Table 6. Differences in cervical parameters immediately postoperatively and at the final follow-up

DJK group (n=16) Non-DJK group (n=25) p-value

Δ T1 slope 4.74±3.11 2.62±3.96 0.07

Δ CL 9.53±5.39 3.78±4.77 <0.01

Δ SL 3.76±2.91 2.37±2.51 0.08

ΔC2-7 SVA 7.22±8.18 4.74±5.32 0.10

Δ T1 – CL 7.06±7.78 1.15±4.60 <0.01

Values are presented as mean±standard deviation. Δ = final follow-up value − immediate postoperative value. DJK : distal junctional kyphosis, CL : cer-
vical lordosis, SL : segmental lordosis, SVA : sagittal vertical axis

DJK
development

CL

DJK (-)

Last f/u
During surgery  
(low T1 slope,  

high SVA patients)
Immediate post 

operative
During follow up

(returning to  
preoperative value)

SL

SL

CL T1 slope

CL T1 slope

T1 slope

T1 slope CL
SL

CL

Fig. 4. Algorithm of DJK development. SVA : sagittal vertical axis, SL : segmental lordosis, CL : cervical lordosis, f/u : follow-up, DJK : distal junctional 
kyphosis.
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When examining the changes between radiological param-

eters before surgery, immediately after surgery, and at the last 

follow-up, the changes in T1 slope, CL, and segmental angle 

before and immediately after surgery were significantly larger 

in the DJK group (Table 5).

The changes in CL, and T1-Cl mismatch between immedi-

ately after surgery and the last follow-up were significantly 

larger in the DJK group (Table 6). Excessively lordotic segmen-

tal angle resulted in higher T1 slope, C2-7 SVA and CL chang-

es in the immediately postoperative state. At the last follow-

up, the T1 slope and C2-7 SVA return to the preoperative 

value, but the segmental lordosis (SL) did not return to the 

preoperative value. If the adjacent segment compensates for 

the alignment change of the index level appropriately, it be-

comes a non-DJK group, and if it is not compensated patho-

logically, DJK occurs (Fig. 4).

From the multiple logistic regression analysis of DJK occur-

rence, preoperative higher C2-7 SVA and preoperative lower 

T1 slope were identified as independent risk factors (p=0.03 

and p<0.01, respectively) (Table 7).

DISCUSSION

We investigated the risk factors for DJK development after 

posterior decompression and fusion surgery. The T1 slope and 

CL displayed a tendency to return to their preoperative levels. 

Although many studies have been published on the relation-

ship between the T1 slope and CL, to date10,14,15), there is no 

previous report on the gradual alignment change after poste-

rior cervical spinal fusion surgery resulting in DJK develop-

ment.

The return of the T1 slope and CL to preoperative levels may 

have resulted from patients tending to retain their preoperative 

spinopelvic alignments, which is due to the preservation of the 

preoperative T1 slope2,5). This suggests that the T1 slope is the 

key parameter, with the CL depending on its value. Immedi-

ately after surgery, an increase in SL was associated with in-

creases in the CL and T1 slope. During follow-up, because of 

the tendency to regain the preoperative T1 slope, the T1 slope 

decreased, followed by a decline in CL which inevitably related 

with DJK. Among the immediate postoperative parameters, 

only SL is amenable to surgical manipulation. The CL and T1 

slope appeared to be dependent parameters following the SL 

changes. If greater SL changes are made during surgery, larger 

CL and T1 slope changes should also follow. However, the SL 

values did not return to preoperative levels despite gradual de-

creases after surgery. This observation may have been associat-

ed with the stiffness of the instrumentation (Fig. 3).

The multiple logistic regression analysis in this study 

showed that the preoperative C2-7 SVA and T1 slope are inde-

pendent risk factors for DJK (p<0.01 and p=0.03, respectively). 

In another study23), preoperative cervical kyphosis (<-12°), 

preoperative cervical SVA (>56.3 mm), and preoperative CL-

T1 slope (>36.4°) were analyzed as DJK risk predictors. It was 

also noted that patients with misalignment exceeding these 

thresholds had a 5–6 fold increased risk of DJK due to in-

creased shear stress in the distal structures as cervical kypho-

sis increases the slope of the transition segment.

These findings are similar to those in the lumbar deformity 

literature on the incidence of proximal junction kyphosis. 

Kim and Iyer13) showed that in SVA, thoracic kyphosis, lumbar 

lordosis, sacral inclination, and pelvic retraction, poorer pre-

operative measures were found in the proximal junctional ky-

phosis. It has been described as leading to kyphosis.

Neither age, sex, BMI, underlying disease, nor smoking sig-

nificantly increased the risk of DJK. Although many studies 

have mentioned the relationship between smoking and cervi-

cal disc degeneration16,26), our result didn’t show any signifi-

cance.

We found in this study that four of the 28 patients (14%) 

completed the post-fusion surgery at C6 and nine of the 31 

patients (29%) ended up at C7. It has been found that DJK oc-

curs at the cervicothoracic junction (Table 1). Several stud-

ies21,25) have recommended cervicothoracic junction crossing 

fusion surgery to reduce the revision surgery rate due to ad-

justment segment disease in posterior fusion surgery involv-

ing the cervicothoracic junction. However, Truumees et al.29) 

recommend it only for smokers or patients at high risk of 

pseudoarthrosis and to avoid in medically frail patients. Also, 

Table 7. Multivariable stepwise logistic regression analysis results for 
factors influencing DJK after posterior cervical spinal fusion surgery

Risk factor OR 95% CI p-value

Preoperative T1 slope 0.49 0.29–0.81 <0.01

Preoperative SVA 1.42 1.13–1.78 0.03

DJK : distal junctional kyphosis, OR : odds ratio, CI : confidence interval, 
SVA : sagittal vertical axis



J Korean Neurosurg Soc 65 | July 2022

556 https://doi.org/10.3340/jkns.2021.0192

Kennamer et al.9) mentioned that there is no particular differ-

ence in the revision rate as a result. Even in long instrumented 

spinal fusion surgery of the thoracolumbar spine, some stud-

ies recommend extension of the uppermost instrumented 

vertebrae to the upper thoracic level or at least above T10 to 

avoid proximal junctional kyphosis19,27). However, other stud-

ies have reported that the risk of proximal junctional kyphosis 

was not increased with uppermost instrumented vertebrae at 

the thoracolumbar junction level compared to uppermost in-

strumented vertebrae above the thoracolumbar junction lev-

el3,6,12). Consequently, extension of the fusion to the thoracic 

level for DJK prevention remains controversial.

In 2018, Passias et al.23) found that the presence of neurolog-

ical symptoms was the most appropriate predictor of DJK. In 

our study, there was no difference between the two groups 

immediately after surgery in terms of clinical outcomes, but 

worse results were observed in the DJK group in the VAS neck 

score at the last follow-up.

There are some limitations to this study. First, this was a 

retrospective study. Second, the patients were examined only 

with X-ray imaging and not with computed tomography or 

magnetic resonance imaging. Finally, these results were de-

rived from a small sample of patients. Studies with larger co-

horts are needed. In addition, many patients who showed im-

provement were excluded because they did not meet the 

follow-up requirement, which may have resulted in selection 

bias.

CONCLUSION

In our study, risk factors of DJK in patients who developed 

DJK after posterior cervical fusion were analyzed. In patients 

with lower T1 slope and large C2-7 SVA, misalignment oc-

curred due to excessive segment angle change during surgery, 

eventually resulting in DJK at last follow-up. In the clinical re-

sults, it was confirmed that the clinical results deteriorated 

again in the DJK group at the last follow-up. It is recommend-

ed to refrain from excessive SL changes during multilevel cer-

vical post fusion surgery, especially in patients with a small 

preoperative T1 slope and a large SVA value.
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