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Abstract
Purpose  Limited data are available on the relationship between treatment agents and sagittal balance in ankylosing spondy-
litis (AS). We investigated radiological features related to treatment agents and compared sagittal balance between patients 
treated with anti-tumor necrosis factor-α (anti-TNF-α) and those treated with nonsteroidal anti-inflammatory drugs (NSAIDs) 
and sulfasalazine (SSZ).
Methods  We prospectively enrolled 133 consecutive AS patients. Patients were eligible for the trial if they were under 
medical treatment with the same treatment agents for at least 1 year. All patients were treated initially with NSAIDs and 
SSZ. Sixty-nine patients achieved an excellent pain control outcome with these agents (group A). Sixty-four patients who 
reported of intractable low back pain were switched to anti-TNF-α treatment (group B). Twelve radiographic parameters were 
measured. Clinical outcome was assessed with the Bath AS Disease Activity Index (BASDAI), erythrocyte sedimentation 
rate (ESR), and C-reactive protein (CRP). All parameters were measured at enrolment, upon changing treatment agents, 
and every 6 months during follow-up.
Results  The mean ESR, CRP, BASDAI, and thoracic kyphosis at baseline were significantly higher in group B. After treat-
ment, group B had significantly higher lumbar lordosis (LL) and significantly better clinical outcomes. Correlation analysis 
revealed significant relationships between radiologic parameters and BASDAI. On multiple regression analysis, LL was a 
significant predictor of BASDAI.
Conclusions  This study demonstrated a clear association between treatment agents and radiologic parameters in AS. Anti-
TNF-α treatment improved LL with improvement in clinical outcomes. Lumbar lordosis was a significant predictor of clinical 
outcome in AS patients treated with anti-TNF-α.
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Introduction

Ankylosing spondylitis (AS) is a chronic, inflammatory rheu-
matic disease characterized by inflammatory back pain due 
to sacroiliitis and spondylitis, enthesitis, and the formation of 
syndesmophytes leading to ankyloses [1]. Extraspinal mani-
festations, including peripheral arthritis, uveitis, and inflam-
matory bowel disease, are common and contribute to disease 
morbidity [2]. At advanced stages of the disease, many cases 
involve spinal deformity such as flattening of the normal 
lumbar lordosis, which can lead to structural and functional 
impairments and decreased quality of life [3]. Sagittal bal-
ance deteriorates over the course of the disease, producing a 
rigid thoracolumbar kyphosis. Severe thoracolumbar kyphosis 
subsequently results in downward tilting of the head and face 
[4]. The ability of the patient to see above the level of the hori-
zontal gaze progressively worsens, and their center of grav-
ity moves anteriorly, resulting in a stooped, downward-facing 
posture characteristic of advanced AS [5].

The introduction of anti-tumor necrosis factor-α (anti-
TNF-α) has significantly altered the treatment landscape of 
inflammatory arthritis. It has proven to be an excellent treat-
ment option for reducing AS symptoms [6–8]. The impact of 
anti-TNF-α on the radiographic progression of AS has been 
difficult to characterize, in part because of the relatively slow 
rate of radiographic change in AS and the hurdles it imposes 
on longer-term placebo-controlled trials. Despite symptomatic 
improvement, conclusions concerning effect of anti-TNF-α 
treatment on radiographic progression in patients with AS 
remain inconsistent [9–12]. Furthermore, while many studies 
have reported the impact of anti-TNF-α on radiographic pro-
gression, limited data are available on the relationship between 
treatment agents and sagittal balance in AS.

We considered that a more comprehensive understanding of 
how changes in radiologic parameters relate to the use of dif-
ferent treatment agents and sagittal balance may be useful for 
the prediction of patients’ posture over the course of disease 
progression and the effects of anti-TNF-α on sagittal balance 
in AS patients. Therefore, the present study investigated radio-
logical features related to treatment agents and compared sagit-
tal balance between patients treated with anti-TNF-α therapy 
and those treated with nonsteroidal anti-inflammatory drugs 
(NSAIDs) and sulfasalazine (SSZ).

Materials and methods

Patient population

One hundred and thirty-three consecutive AS patients 
were enrolled prospectively at the time of examination 
between April 2010 and April 2016. AS patients were 
recruited from patients attending an orthopedic outpatient 
clinic, and their demographic and clinical characteristics 
were recorded. The cohort included 33 women and 100 
men with a mean age of 42.5 ± 10.9 years. This study was 
approved by the Clinical Research Ethics Committee of 
our institution.

All patients who met the most recent modified New 
York criteria [13] and new Assessment of SpondyloAr-
thritis International Society (ASAS) criteria [14] for AS 
were considered eligible to participate in the trial if they 
had been receiving medical treatment with same therapy 
for at least 1 year. Patients with inflammatory lower back 
pain were included. However, those with pain originating 
from the spine owing to other medical condition, such as 
pregnancy, or pain arising from other parts of the body, such 
the hips, knees, or shoulders, were excluded. Patients with 
previous or concurrent diseases of the spine (e.g., spinal 
deformities like scoliosis, vertebral fracture, spinal stenosis, 
degenerative intervertebral disk disease, or spinal surgery) 
or of the lower extremities (e.g., prosthesis, femoral neck 
or intertrochanteric fracture) were also excluded. Exclusion 
criteria were age over 60 years and concomitant neurological 
or psychiatric disease. In addition, patients with complete 
spinal ankylosis due to bridging syndesmophytes were also 
excluded because these patients were not expected to dem-
onstrate a difference in spinal mobility after treatment.

All patients were initially treated with NSAIDs and SSZ. 
Sixty-nine patients demonstrated excellent outcomes for 
pain control with these agents and continued the therapy 
(group A). Sixty-four patients complained of intractable low 
back pain despite treatment for at least 3 months, and their 
treatment was changed from NSAIDs and SSZ to anti-TNF-α 
therapy (group B). In these patients, the time at which ther-
apy was changed was regarded as the time of enrolment. 
No patient was included in both groups simultaneously. The 
choice of TNF-α inhibitor (infliximab, adalimumab, or goli-
mumab) was based on the judgment of the treating ortho-
pedic surgeon and/or the specific preference of the patient. 
The standard regimen for infliximab was 5 mg/kg intrave-
nously at 0, 2, and 6 weeks and then every 8 weeks; for 
adalimumab, 40 mg subcutaneous injection every 2 weeks; 
and for golimumab, 50 mg subcutaneous injection every 
4 weeks.
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Radiologic evaluation

Participants underwent lateral whole-spine radiography. 
Radiographs were taken by 1 technician at a 72-inch stand-
ard distance, employing a standard technique and using the 
same machine in the standing position. All lateral radio-
graphs included both hip joints and cervical vertebrae. 
To minimize the compensatory mechanism of the lower 
limb area for sagittal balance, patients were instructed to 
maintain a neutral position of their lower limbs without 
knee flexion or ankle extension.

The following radiographic parameters were measured 
using a picture archiving computer system (PACS Exper-
tise, Marosis, South Korea): sacral slope (SS), pelvic tilt 
(PT), pelvic incidence (PI), thoracic kyphosis (TK), lum-
bar lordosis (LL), sagittal vertical axis (SVA), sacrofemoral 
distance (SFD), ratio of the horizontal distance between the 
C7 plumb line and posterosuperior corner of the sacrum to 
SFD (C7/SFD), spinosacral angle (SSA), spinopelvic angle 
(SPA), cervical lordosis (CL), and cervical sagittal vertical 
axis (CSVA) (Fig. 1). SS was defined as the angle between 
the sacral endplate and the horizontal; PT as the angle 
between the line joining the middle of the sacral endplate 

Fig. 1   Measurements of radio-
logic parameters on an upright 
whole-spine lateral radiograph



652	 European Spine Journal (2019) 28:649–657

1 3

and hip axis and the vertical; and PI as the angle between a 
line perpendicular to the sacral endplate and a line joining 
the middle of the sacral plate and the hip axis. TK was meas-
ured between the upper endplate of T1 or T2 and the lower 
endplate of T12 using Cobb’s method. LL was measured 
between the upper endplate of L1 and the upper endplate of 
S1 using Cobb’s method.

Global sagittal balance was measured using C7/SFD 
ratio, SPA, and SSA. SFD was defined as the horizontal 
distance between the center of hip rotation and a vertical 
line passing through the posterior corner of the sacrum. The 
C7 plumb line was defined as the lateral plumb line from the 
center of C7. SVA was defined as the horizontal distance 
between the C7 plumb line and posterosuperior corner of 
the sacrum. Anterior displacement of the sagittal plumb line 
was defined as positive. To calculate the C7/SFD ratio, SVA 
was divided by SFD. The C7/SFD ratio is equal to 0 when 
the C7 plumb line is on the posterior corner of the sacrum 
and equal to 1 when the C7 plumb line is on the hip axis. 
This ratio is negative when the C7 plumb line is posterior 
to the sacrum and greater than 1 when the C7 plumb line is 
anterior to the hip axis. According to the classification of 
global sagittal alignment by Barrey et al., sagittal imbalance 
was defined by C7/SFD ratio > 0.5 [15]. Eleven patients were 
in stage of sagittal imbalance in group A and 12 in group 
B. SSA was defined as the angle between the sacral plate 
and a line running from the center of C7 to the center of the 
sacral plate. SPA was defined as the angle between the line 
drawn from the femoral head center to the sacral plate and a 
line running from the center of C7 to the center of the sacral 
plate. CL was measured between the lower endplate of C2 
and the lower endplate of C7 using Cobb’s method. The C2 
sagittal plumb line was defined as the lateral plumb line 
from the center of C2, considered the point of intersection 
of crossing diagonals of the C2 vertebral body on a lateral 
radiograph. CSVA was defined as the distance between the 
C2 and C7 sagittal plumb lines. All measurements were 
taken twice independently by three spine surgeons with an 
interval of 2 weeks between measurements to determine 
intraobserver (Pearson correlation coefficient = 0.924, range 
0.869–0.947) and interobserver errors (Pearson correlation 
coefficient = 0.897, range 0.864–0.926).

Clinical evaluation

To assess clinical outcome, the Bath AS Disease Activity 
Index (BASDAI) score was determined, and erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) level 
were also measured because hematologic factors such as 
ESR or CRP levels can reflect AS disease activity.

All assessments, including radiography, BASDAI, ESR, 
and CRP, were performed at enrolment, upon changing 
treatment agents (this time point was considered the time 

of enrolment for patients in group B), and every 6 months 
during the follow-up period.

Statistical analysis

Statistical analysis was performed with SPSS software ver-
sion 21.0 for Windows (IBM Corp., Armonk, NY, USA). 
Data were expressed as mean ± standard deviation. A paired 
t test was performed to determine radiological and clini-
cal differences between before and after treatment. A Stu-
dent’s t-test was also performed to determine the differences 
between the two groups. The Mann–Whitney test and Wil-
coxon signed-rank test were performed for comparison of 
sagittal imbalanced patients. Pearson correlation analyses 
were also performed to determine the relationships between 
variables. Multiple regression analysis was performed to 
identify parameters that independently predicted clinical 
outcome in patients treated with anti-TNF-α. The threshold 
for statistical significance was P value < 0.05.

Results

Significantly different baseline demographic and disease 
characteristics were observed between the two groups 
(Table 1). Group A included 50 men and 19 women with 
a mean age of 40.8 ± 16.4 years. Group B included 50 men 
and 14 women with a mean age of 44.4 ± 16.3 years. The 
follow-up period of group A (608.9 ± 461.1 days) was sig-
nificantly longer than that of group B (456.3 ± 297.1 days; 

Table 1   Baseline characteristics of study patients by treatment group

Group A (n = 69) Group B (n = 64) P value

Sex (M/F) (N) 50/19 50/14 0.454
Age (years) 40.8 ± 16.4 44.4 ± 16.3 0.188
Follow-up (day) 608.9 ± 461.1 456.3 ± 297.1 0.026
TK (°) 43.5 ± 11.1 47.5 ± 11.4 0.043
LL (°) 39.7 ± 14.2 39.5 ± 13.8 0.938
C7PL (mm) − 1.5 ± 41.4 2.2 ± 37.2 0.597
SFD (mm) 52.8 ± 15.5 47.0 ± 16.6 0.134
C7/SFD − 0.2 ± 0.9 − 0.1 ± 0.8 0.667
PT (°) 14.5 ± 8.1 15.6 ± 8.5 0.448
SS (°) 35.3 ± 8.2 34.5 ± 8.9 0.563
PI (°) 49.9 ± 10.2 50.1 ± 8.9 0.893
SSA (°) 127.3 ± 9.9 126.7 ± 10.5 0.713
SPA (°) 166.8 ± 11.1 165.9 ± 10.8 0.608
CL (°) 12.3 ± 11.8 11.2 ± 10.5 0.589
CSVA (mm) 13.3 ± 13.5 15.7 ± 17.2 0.378
ESR (mm/h) 14.2 ± 17.7 20.6 ± 15.2 0.027
CRP (mg/dL) 0.6 ± 1.0 1.1 ± 0.9 0.004
BASDAI 6.2 ± 1.2 8.4 ± 0.9 < 0.001
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P = 0.026). The mean ESR (P = 0.027), CRP (P = 0.004), 
and BASDAI (P < 0.001) were significantly higher in 
group B. Among baseline radiologic parameters, TK was 
significantly higher in group B (47.5 ± 11.4) than in group 
A (43.5 ± 11.1; P = 0.043), whereas the other radiologic 
parameters did not significantly differ (Table 1).

After treatment, patients in group B (44.7 ± 12.7) had 
significantly greater lumbar lordosis than did those in 
group A (39.4 ± 14.4; P = 0.026). In addition, patients 
in group B had significantly better clinical outcomes, 
including ESR (group A: 13.9 ± 13.2, group B: 4.0 ± 2.6, 
P = 0.013), CRP (group A: 0.8 ± 1.1, group B: 0.1 ± 0.1, 
P < 0.001), and BASDAI (group A: 2.7 ± 1.1, group B: 
2.3 ± 0.7, P < 0.001), than did those in group A. Other 
radiologic parameters did not significantly differ (Table 2).

On comparing clinical characteristics before and after 
treatment in each group, there was no significant difference 
among radiologic parameters in group A. Only BASDAI 
score (before: 6.2 ± 1.2, after: 2.7 ± 1.1, P < 0.001) was 
lower after treatment in group A (Table 3). By contrast, 
in group B, lumbar lordosis (before: 39.5 ± 13.8, after: 
44.7 ± 12.7, P < 0.001) was significantly increased and 
ESR (before: 20.6 ± 15.2, after: 4.0 ± 2.6, P < 0.001), CRP 
(before: 1.1 ± 0.9, after: 0.1 ± 0.1, P < 0.001), and BAS-
DAI (before: 8.4 ± 1.0, after: 2.3 ± 0.7, P < 0.001) were 
significantly decreased after treatment than those before 
treatment (Table 4).

In comparison of sagittal imbalanced patients, there 
was no significant difference in C7/SFD ratio between the 
groups before and after treatment. Sagittal imbalance was 
improved after treatment compared with before treatment 

Table 2   Comparison of radiologic, clinical outcomes after treatment 
by groups

Group A (n = 69) Group B (n = 64) P value

TK (°) 45.1 ± 11.4 48.0 ± 10.0 0.121
LL (°) 39.4 ± 14.4 44.7 ± 12.7 0.026
C7PL (mm) 1.4 ± 40.2 − 3.2 ± 41.0 0.513
SFD (mm) 45.0 ± 17.1 47.4 ± 16.4 0.430
C7/SFD − 0.1 ± 0.9 − 0.3 ± 1.0 0.459
PT (°) 15.1 ± 8.8 16.2 ± 8.6 0.480
SS (°) 34.3 ± 8.3 34.5 ± 9.1 0.887
PI (°) 49.4 ± 10.1 50.7 ± 10.2 0.465
SSA (°) 127.0 ± 8.0 127.7 ± 10.3 0.678
SPA (°) 166.3 ± 11.7 165.9 ± 10.8 0.816
CL (°) 13.2 ± 11.7 12.8 ± 9.1 0.853
CSVA (mm) 13.8 ± 13.4 17.7 ± 17.1 0.149
ESR (mm/h) 13.9 ± 13.2 4.0 ± 2.6 0.013
CRP (mg/dL) 0.8 ± 1.1 0.1 ± 0.1 < 0.001
BASDAI 2.7 ± 1.1 2.3 ± 0.7 < 0.001

Table 3   Comparison between before and after treatment of group A

Before treatment After treatment P value

TK (°) 43.5 ± 11.1 45.1 ± 11.4 0.217
LL (°) 39.7 ± 14.2 39.4 ± 14.4 0.727
C7PL (mm) − 1.5 ± 41.4 1.4 ± 40.2 0.443
SFD (mm) 42.8 ± 15.5 45.0 ± 17.1 0.060
C7/SFD − 0.2 ± 0.9 − 0.1 ± 0.9 0.856
PT (°) 14.5 ± 8.1 15.1 ± 8.9 0.205
SS (°) 35.3 ± 8.2 34.3 ± 8.3 0.134
PI (°) 49.9 ± 10.2 49.4 ± 10.1 0.590
SSA (°) 127.3 ± 9.9 127.0 ± 8.0 0.675
SPA (°) 166.8 ± 11.1 166.3 ± 11.7 0.359
CL (°) 12.3 ± 11.8 13.2 ± 11.7 0.442
CSVA (mm) 13.3 ± 13.5 13.8 ± 13.4 0.705
ESR (mm/h) 14.2 ± 17.7 13.9 ± 13.2 0.890
CRP (mg/dL) 0.6 ± 1.0 0.7 ± 1.1 0.228
BASDAI 6.2 ± 1.2 2.7 ± 1.1 < 0.001

Table 4   Comparison between before and after treatment of group B

Before treatment After treatment P value

TK (°) 47.5 ± 11.4 48.0 ± 10.0 0.697
LL (°) 39.5 ± 13.8 44.7 ± 12.7 < 0.001
C7PL (mm) 2.2 ± 37.2 − 3.2 ± 40.9 0.177
SFD (mm) 47.0 ± 16.6 47.4 ± 16.4 0.749
C7/SFD − 0.1 ± 0.8 − 0.3 ± 1.1 0.094
PT (°) 15.6 ± 8.5 16.2 ± 8.6 0.196
SS (°) 34.5 ± 9.0 34.5 ± 9.1 0.955
PI (°) 50.1 ± 9.7 50.7 ± 10.2 0.350
SSA (°) 126.7 ± 10.5 127.7 ± 10.3 0.236
SPA (°) 165.9 ± 10.8 165.9 ± 10.9 0.991
CL (°) 11.2 ± 10.5 12.9 ± 9.1 0.060
CSVA (mm) 15.7 ± 17.2 17.7 ± 17.1 0.084
ESR (mm/h) 20.6 ± 15.2 4.0 ± 2.6 < 0.001
CRP (mg/dL) 1.1 ± 0.9 0.1 ± 0.1 < 0.001
BASDAI 8.4 ± 1.0 2.3 ± 0.7 < 0.001

Table 5   Comparison of C7/SFD ratio between groups before and 
after treatment in sagittal imbalanced patients

Group A Group B P value

n (%) 11 (15.94%) 12 (18.75%) 0.672
C7/SFD
Before treatment 1.38 ± 0.75 1.14 ± 0.45 0.880
After treatment 1.08 ± 0.58 0.84 ± 0.43 0.260
P value 0.248 0.117



654	 European Spine Journal (2019) 28:649–657

1 3

in both groups. However, there was no statistically signifi-
cant difference (Table 5).

Table 6 summarizes correlations between radiologic 
parameters in each group. Correlation analysis revealed 
significant relationships between radiologic parameters and 
BASDAI (Table 7). In group A, BASDAI correlated with 
C7/SFD, PT, PI, and SPA. In group B, BASDAI was cor-
related with TK, LL, SFD, PT, SS, PI, SSA, SPA, and CL.

Multiple regression analysis was performed to identify 
radiologic parameters that were predictors of clinical out-
come after treatment in patients treated with anti-TNF-α 
revealed lumbar lordosis as a significant predictor of BAS-
DAI (Table 8).

However, in consideration of the degree of overlap in the 
confidence intervals small absolute clinical difference, and 
normal measurement error associated with the radiographs 
being taken, this finding may have been the result of meas-
urement error.

Table 6   Correlations (r) of the radiologic parameters

*Significant correlation was established at the 0.01 level
**Significant correlation was established at the 0.05 level

TK LL C7Plum SFD C7/SFD PT SS PI SSA SPA CL CSVA

Group A
TK 0.122 0.034 0.122 0.172 0.095 0.001 0.085 − 0.173 − 0.089 0.332** 0.334**
LL − 0.363** 0.453** − 0.264* − 0.264* 0.763** 0.397** 0.628** 0.345** − 0.097 − 0.163
C7PL 0.542** 0.888** 0.597** − 0.266* 0.305* − 0.533** − 0.816** 0.319** 0.225
SFD 0.483** 0.889** 0.432** 0.424** − 0.489** − 0.828** 0.100 0.271*
C7/SFD 0.492** − 0.170 0.292* − 0.476** − 0.650** 0.355** 0.217
PT − 0.312** 0.621** − 0.416** − 0.914** 0.107 0.295*
SS 0.551** 0.804** 0.307* − 0.006 − 0.276*
PI 0.298* − 0.550** 0.088 0.031
SSA 0.520** 0.145 − 0.343**
SPA − 0.233 − 0.297*
CL − 0.124
CSVA
Group B
TK 0.699** 0.007 0.462** − 0.023 0.411** 0.619** 0.699** 0.752** 0.731** 0.310** 0.421**
LL − 0.237 0.286* − 0.249* 0.253* 0.839** 0.774** 0.771** 0.655** 0.156 0.205
C7PL 0.358** 0.874** 0.505** − 0.284* 0.076 − 0.214 − 0.194 0.306* 0.387**
SFD 0.411** 0.878** 0.178 0.636** 0.417** 0.392** 0.234 0.449**
C7/SFD 0.458** − 0.306* 0.032 − 0.214 − 0.184 0.222 0.332**
PT 0.129 0.669** 0.321** 0.266* 0.242* 0.502**
SS 0.823** 0.860** 0.740** 0.243* − 0.032
PI 0.828** 0.707** 0.321** 0.263*
SSA 0.971** 0.315** 0.080
SPA 0.328** 0.056
CL 0.009
CSVA

Table 7   Correlations of the radiologic parameters and BASDAI

*Significant correlation was established at the 0.01 level
**Significant correlation was established at the 0.05 level

BASDAI (group A) BASDAI (group B)

TK r 0.205 0.566**
LL r − 0.083 − 0.513**
C7PL r 0.225 0.007
SFD r 0.222 0.561**
C7/SFD r 0.287* 0.055
PT r 0.342** 0.344**
SS r − 0.057 − 0.529**
PI r 0.253* 0.593**
SSA r − 0.117 0.716**
SPA r − 0.286* 0.718*
CL r − 0.019 0.270*
CSVA r 0.156 0.187
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Discussion

Although the treatment of spinal deformities associated 
with AS has become an increasingly important component 
of many spinal surgery practices, the relevance of radiologic 
measures in AS remains unclear, although the relationships 
between radiographic parameters and AS are of evident 
clinical importance [16]. However, earlier studies reporting 
radiologic findings in AS did not focus on sagittal balance 
but rather on spinal radiographic progression [9–12, 17]. 
Haroon et al. [10] reported that baseline ESR and CRP were 
significant factors associated with radiographic progression 
and found a protective effect of anti-TNF-α on radiographic 
progression in AS. Maas et al. [11] reported that AS patients 
treated with anti-TNF-α therapy demonstrated slower radio-
graphic progression according to the definitions of Barali-
akos et al. [18]. By contrast, several studies reported that 
anti-TNF-α agents did not prevent the formation of new 
syndesmophytes and found no improvement in radiological 
progression after 2–4 years of continuous treatment [12]. 
To our knowledge, only two previous studies investigated 
sagittal balance in AS. Shin et al. reported that SVA, SS, and 
LL were significant parameters in the prediction of clinical 
outcomes in AS [16]. Lee et al. [19] reported that PT was a 
significant parameter in the determination of sagittal balance 
in AS patients and that visual analogue scale was signifi-
cantly correlated with sagittal spinal parameters.

The sacroiliac joint (SIJ) and the entheses are the most 
characteristic and sites involved in spondyloarthritis [20, 
21]. Inflammation at the interface of the cartilage and bone 
has been conclusively demonstrated on MRI [21–23] and 
by immunohistological investigations of SIJ biopsy tis-
sue [24–26]. In cases of early AS, dense mononuclear 
infiltrates invading the cartilage have been described and 
TNF-α mRNA has been detected in the inflamed SIJ [27]. 
Thus, there is evidence for a pathogenic role for TNF-α in 
AS. Anti-TNF-α is highly effective at suppressing inflam-
mation in AS and functions by suppressing TNF-α and 
downstream immunological pathways. A previous study 
reported that there was a significant correlation between 
the change in TNF-α levels in response to the therapy and 
clinical improvement. In the study by Zou et al., infliximab 
downregulated both interferon-ɣ and TNF-α secreted by T 
cells but did not induce a change in cytokine production by 

monocytes during 3 months of treatment. This mechanism 
may be relevant to the clinical efficacy of this therapy [28].

Many studies have demonstrated that anti-TNF-α therapy 
can improve not only the clinical signs and symptoms of 
AS but also its associated spinal and sacroiliac inflamma-
tion [9, 29–33]. However, limited data have been published 
on the relationship between treatment agents and radiologic 
parameters concerning sagittal balance. In the present study, 
AS patients treated with anti-TNF-α agents (group B) exhib-
ited significantly higher TK and ESR, CRP, and BASDAI at 
baseline compared to those treated with NSAIDs and SSZ 
(group A), reflecting relatively higher disease activity. How-
ever, although mean TK was increased in both groups, the 
difference was not statistically significant after treatment. 
On the contrary, there was no difference in LL between both 
groups before treatment, but LL was significantly higher in 
group B than in group A after treatment. In summary, AS 
patients treated with anti-TNF-α demonstrated no significant 
difference in the mean TK value and improvement in LL.

On comparing patients of the same group before and 
after treatment, group A demonstrated no significant dif-
ferences in radiologic parameters, while lumbar lordosis 
was improved in group B. Mean BASDAI was decreased 
in both groups after treatment, but the decrease in group B 
was significantly greater than that in group A. Correlation 
analysis revealed that lumbar lordosis was correlated with 
BASDAI in group B, suggesting that improvement in clini-
cal outcomes may improve LL. In addition, lumbar lordosis 
was a significant predictor of BASDAI in the patients treated 
with anti-TNF-α agents on multiple regression analysis.

In general, a reduction in lumbar lordosis can be compen-
sated for by a similar reduction in sacral slope to maintain 
the relative position of the C7 plumb line [34]. Similarly, 
an increase in lumbar lordosis can be compensated for by 
an increase in sacral slope. However, in the present study, 
although the patients treated with anti-TNF-α agents dem-
onstrated improved lumbar lordosis, sacral slope was not 
increased significantly. Further evaluation is needed regard-
ing the correlation of these changes.

This study has several limitations that require considera-
tion. First, there was no control group that was comprised 
of AS patients without any treatment during the follow-up 
period. However, it is ethically difficult to justify a radio-
graphic study that prospectively incorporates an untreated 
control group. Second, the follow-up period was relatively 
short. In AS, spinal radiographic progression is relatively 
slow and may be detectable only after a minimum of 2 years 
in some patients [35]. Although AS patients included in this 
study had received medical treatment for at least 1 year, AS 
can be heterogeneous in terms of disease activity, deform-
ity, and individuals’ ability to compensate for the deform-
ity. However, although it may take years for anti-TNF-α 
to induce structural changes, we hypothesize that the 

Table 8   Multiple regression analysis in group B according to BAS-
DAI

Variables Coefficient t P value

BASDAI
Lumbar lordosis − 0.085 − 24.270 < 0.001
Constant 5.692
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improvement in LL was due to clinical improvement, which, 
as many studies have demonstrated, can occur in a much 
shorter time frame [6–8, 36]. Third, we prescribed three 
types of anti-TNF-α agent but did not subdivide patients 
according to the specific agent. Therefore, we could not 
detect differences in these agents regarding their effect on 
sagittal balance. However, several studies have reported that 
TNF-α inhibitors have similar efficacy in spondyloarthritis 
[37, 38]. Fourth, we found significant correlations between 
TK, LL, and BASDAI score in group B, but other radiologic 
parameters including PT, SS, PI, SSA, SPA, CL, and SFD 
were also correlated with BASDAI score. Long-term follow-
up will be necessary to assess these correlations between 
clinical and radiological factors in more detail. Fifth, we 
evaluated clinical outcome using only BASDAI. Other clini-
cal indices such as the Oswestry Disability Index or Scolio-
sis Research Society questionnaire are needed to evaluate 
the correlation between radiologic parameters and clinical 
outcomes more precisely. Finally, as we mentioned previ-
ously, there is the possibility of measurement error, as this 
study relied on radiological measurement.

Despite these limitations, this study is the first to demon-
strate a clear association between treatment agents and radi-
ologic parameters in AS. Furthermore, AS patients treated 
with anti-TNF-α and those treated with NSAIDs and SSZ 
were found to significantly differ in terms of sagittal radio-
logic parameters including thoracic kyphosis and lumbar lor-
dosis, and correlation analysis revealed significant relation-
ships between radiologic parameters and clinical outcomes. 
Anti-TNF-α treatment improved LL with improving clinical 
outcomes in AS. In addition, LL was a significant predictor 
of BASDAI in the patients treated with anti-TNF-α agents.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

	 1.	 Zochling J, van der Heijde D, Burgos-Vargas R, Collantes E, 
Davis JC Jr, Dijkmans B, Dougados M, Geher P, Inman RD, 
Khan MA, Kvien TK, Leirisalo-Repo M, Olivieri I, Pavelka K, 
Sieper J, Stucki G, Sturrock RD, van der Linden S, Wendling D, 
Bohm H, van Royen BJ, Braun J (2006) ASAS/EULAR recom-
mendations for the management of ankylosing spondylitis. Ann 
Rheum Dis 65:442–452

	 2.	 Edmunds L, Elswood J, Kennedy LG, Calin A (1991) Primary 
ankylosing spondylitis, psoriatic and enteropathic spondyloar-
thropathy: a controlled analysis. J Rheumatol 18:696–698

	 3.	 Braun J, Sieper J (2007) Ankylosing spondylitis. Lancet 
369:1379–1390

	 4.	 White AA 3rd, Panjabi MM, Thomas CL (1977) The clinical 
biomechanics of kyphotic deformities. Clin Orthop Relat Res 
128:8–17

	 5.	 Debarge R, Demey G, Roussouly P (2010) Radiological analysis 
of ankylosing spondylitis patients with severe kyphosis before 
and after pedicle subtraction osteotomy. Eur Spine J 19:65–70

	 6.	 Inman RD, Davis JC Jr, Heijde D, Diekman L, Sieper J, Kim 
SI, Mack M, Han J, Visvanathan S, Xu Z, Hsu B, Beutler A, 
Braun J (2008) Efficacy and safety of golimumab in patients 
with ankylosing spondylitis: results of a randomized, double-
blind, placebo-controlled, phase III trial. Arthritis Rheum 
58:3402–3412

	 7.	 van der Heijde D, Dijkmans B, Geusens P, Sieper J, DeWoody K, 
Williamson P, Braun J (2005) Efficacy and safety of infliximab 
in patients with ankylosing spondylitis: results of a randomized, 
placebo-controlled trial (ASSERT). Arthritis Rheum 52:582–591

	 8.	 Braun J, van der Horst-Bruinsma IE, Huang F, Burgos-Vargas R, 
Vlahos B, Koenig AS, Freundlich B (2011) Clinical efficacy and 
safety of etanercept versus sulfasalazine in patients with ankylos-
ing spondylitis: a randomized, double-blind trial. Arthritis Rheum 
63:1543–1551

	 9.	 Braun J, Baraliakos X, Hermann KG, Deodhar A, van der Heijde 
D, Inman R, Beutler A, Zhou Y, Xu S, Hsu B (2014) The effect of 
two golimumab doses on radiographic progression in ankylosing 
spondylitis: results through 4 years of the GO-RAISE trial. Ann 
Rheum Dis 73:1107–1113

	10.	 Haroon N, Inman RD, Learch TJ, Weisman MH, Lee M, Rahbar 
MH, Ward MM, Reveille JD, Gensler LS (2013) The impact of 
tumor necrosis factor alpha inhibitors on radiographic progression 
in ankylosing spondylitis. Arthritis Rheum 65:2645–2654

	11.	 Maas F, Spoorenberg A, Brouwer E, Bos R, Efde M, Chaudhry 
RN, Veeger NJ, van Ooijen PM, Wolf R, Bootsma H, van der Veer 
E, Arends S (2015) Spinal radiographic progression in patients 
with ankylosing spondylitis treated with TNF-alpha blocking 
therapy: a prospective longitudinal observational cohort study. 
PLoS ONE 10:e0122693

	12.	 van der Heijde D, Salonen D, Weissman BN, Landewe R, Mak-
symowych WP, Kupper H, Ballal S, Gibson E, Wong R (2009) 
Assessment of radiographic progression in the spines of patients 
with ankylosing spondylitis treated with adalimumab for up to 
2 years. Arthritis Res Ther 11(4):R127

	13.	 van der Linden S, Valkenburg HA, Cats A (1984) Evaluation of 
diagnostic criteria for ankylosing spondylitis. A proposal for mod-
ification of the New York criteria. Arthritis Rheum 27:361–368

	14.	 Rudwaleit M, van der Heijde D, Landewe R, Listing J, Akkoc 
N, Brandt J, Braun J, Chou CT, Collantes-Estevez E, Dougados 
M, Huang F, Gu J, Khan MA, Kirazli Y, Maksymowych WP, 
Mielants H, Sorensen IJ, Ozgocmen S, Roussou E, Valle-Onate R, 
Weber U, Wei J, Sieper J (2009) The development of Assessment 
of SpondyloArthritis international Society classification criteria 
for axial spondyloarthritis (part II): validation and final selection. 
Ann Rheum Dis 68:777–783

	15.	 Barrey C, Roussouly P, Le Huec JC, D’Acunzi G, Perrin G (2013) 
Compensatory mechanisms contributing to keep the sagittal bal-
ance of the spine. Eur Spine J 22:S834–S841

	16.	 Shin JK, Lee JS, Goh TS, Son SM (2014) Correlation between 
clinical outcome and spinopelvic parameters in ankylosing spon-
dylitis. Eur Spine J 23:242–247

	17.	 Maxwell LJ, Zochling J, Boonen A, Singh JA, Veras MM, Tanjong 
Ghogomu E, Benkhalti Jandu M, Tugwell P, Wells GA (2015) 
TNF-alpha inhibitors for ankylosing spondylitis. Cochrane Data-
base Syst Rev 4:CD005468

	18.	 Baraliakos X, Listing J, von der Recke A, Braun J (2009) The 
natural course of radiographic progression in ankylosing spondy-
litis–evidence for major individual variations in a large proportion 
of patients. J Rheumatol 36:997–1002



657European Spine Journal (2019) 28:649–657	

1 3

	19.	 Lee JS, Suh KT, Kim JI, Goh TS (2014) Analysis of sagittal bal-
ance of ankylosing spondylitis using spinopelvic parameters. J 
Spinal Disord Tech 27:E94–E98

	20.	 Braun J, Sieper J (1996) The sacroiliac joint in the spondyloar-
thropathies. Curr Opin Rheumatol 8:275–287

	21.	 McGonagle D, Gibbon W, O’Connor P, Green M, Pease C, Emery 
P (1998) Characteristic magnetic resonance imaging entheseal 
changes of knee synovitis in spondylarthropathy. Arthritis Rheum 
41:694–700

	22.	 Braun J, Bollow M, Eggens U, Konig H, Distler A, Sieper J (1994) 
Use of dynamic magnetic resonance imaging with fast imaging 
in the detection of early and advanced sacroiliitis in spondylar-
thropathy patients. Arthritis Rheum 37:1039–1045

	23.	 Muche B, Bollow M, François RJ, Sieper J, Hamm B, Braun J 
(2003) Anatomical structures involved in early- and late-stage 
sacroiliitis in spondyloarthritis: a detailed analysis by con-
trast-enhanced magnetic resonance imaging. Arthritis Rheum 
48:1374–1384

	24.	 Braun J, Bollow M, Neure L, Seipelt E, Seyrekbasan F, Herbst 
H, Eggens U, Distler A, Sieper J (1995) Use of immunohisto-
logic and in situ hybridization techniques in the examination of 
sacroiliac joint biopsy specimens from patients with ankylosing 
spondylitis. Arthritis Rheum 38:499–505

	25.	 Laloux L, Voisin MC, Allain J, Martin N, Kerboull L, Chevalier 
X, Claudepierre P (2001) Immunohistological study of entheses 
in spondyloarthropathies: comparison in rheumatoid arthritis and 
osteoarthritis. Ann Rheum Dis 60:316–321

	26.	 Bollow M, Fischer T, Reißhauer H, Sieper J, Hamm B, Braun J 
(2000) T cells and macrophages predominate in early and active 
sacroiliitis as detected by magnetic resonance imaging in spon-
dyloarthropathies. Ann Rheum Dis 59:135–140

	27.	 Wang XB, Ellis JJ, Pennisi DJ, Song X, Batra J, Hollis K, Brad-
bury LA, Li Z, Kenna TJ, Brown MA (2017) Transcriptome anal-
ysis of ankylosing spondylitis patients before and after TNF-α 
inhibitor therapy reveals the pathways affected. Genes Immun 
18:184–190

	28.	 Zou J, Rudwaleit M, Brandt J, Thiel A, Braun J, Sieper J (2003) 
Downregulation of the nonspecific and antigen-specific T cell 
cytokine response in ankylosing spondylitis during treatment with 
infliximab. Arthritis Rheum 48:780–790

	29.	 Baraliakos X, Davis J, Tsuji W, Braun J (2005) Magnetic reso-
nance imaging examinations of the spine in patients with ankylos-
ing spondylitis before and after therapy with the tumor necrosis 
factor alpha receptor fusion protein etanercept. Arthritis Rheum 
52:1216–1223

	30.	 Braun J, Baraliakos X, Golder W, Brandt J, Rudwaleit M, List-
ing J, Bollow M, Sieper J, Van Der Heijde D (2003) Magnetic 
resonance imaging examinations of the spine in patients with 
ankylosing spondylitis, before and after successful therapy with 
infliximab: evaluation of a new scoring system. Arthritis Rheum 
48:1126–1136

	31.	 Rudwaleit M, Baraliakos X, Listing J, Brandt J, Sieper J, Braun 
J (2005) Magnetic resonance imaging of the spine and the sacro-
iliac joints in ankylosing spondylitis and undifferentiated spon-
dyloarthritis during treatment with etanercept. Ann Rheum Dis 
64:1305–1310

	32.	 Song IH, Hermann K, Haibel H, Althoff CE, Listing J, Burmester 
G, Krause A, Bohl-Buhler M, Freundlich B, Rudwaleit M, Sieper 
J (2011) Effects of etanercept versus sulfasalazine in early axial 
spondyloarthritis on active inflammatory lesions as detected by 
whole-body MRI (ESTHER): a 48-week randomised controlled 
trial. Ann Rheum Dis 70:590–596

	33.	 Lord PA, Farragher TM, Lunt M, Watson KD, Symmons DP, 
Hyrich KL (2010) Predictors of response to anti-TNF therapy in 
ankylosing spondylitis: results from the British Society for Rheu-
matology Biologics Register. Rheumatology (Oxford) 49:563–570

	34.	 Jackson RP, Peterson MD, McManus AC, Hales C (1998) Com-
pensatory spinopelvic balance over the hip axis and better reli-
ability in measuring lordosis to the pelvic radius on standing lat-
eral radiographs of adult volunteers and patients. Spine (Phila Pa 
1976) 23:1750–1767

	35.	 van der Heijde D, Landewe R, van der Linden S (2005) How 
should treatment effect on spinal radiographic progression in 
patients with ankylosing spondylitis be measured? Arthritis 
Rheum 52:1979–1985

	36.	 Sieper J, van der Heijde D, Dougados M, Maksymowych WP, 
Scott BB, Boice JA, Berd Y, Bergman G, Curtis S, Tzontcheva 
A, Huyck S, Weng HH (2015) A randomized, double-blind, pla-
cebo-controlled, sixteen-week study of subcutaneous golimumab 
in patients with active nonradiographic axial spondyloarthritis. 
Arthritis Rheumatol 67:2702–2712

	37.	 Atteno M, Peluso R, Costa L, Padula S, Iervolino S, Caso F, San-
duzzi A, Lubrano E, Del Puente A, Scarpa R (2010) Comparison 
of effectiveness and safety of infliximab, etanercept, and adali-
mumab in psoriatic arthritis patients who experienced an inad-
equate response to previous disease-modifying antirheumatic 
drugs. Clin Rheumatol 29:399–403

	38.	 Ritchlin CT, Kavanaugh A, Gladman DD, Mease PJ, Helliwell P, 
Boehncke WH, de Vlam K, Fiorention D, Fitzgerald O, Gottlieb 
AB, McHugh NJ, Nash P, Qureshi AA, Soriano ER, Taylor WJ, 
Group for Research and Assessment of Psoriasis and Psoriatic 
Arthritis (GRAPPA) (2009) Treatment recommendations for pso-
riatic arthritis. Ann Rheum Dis 68:1387–1394

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Seung Min Son1 · Sung Hoon Choi1 · Jong Ki Shin2 · Tae Sik Goh2 · Jung Sub Lee2

 *	 Jung Sub Lee 
	 jungsublee@pusan.ac.kr

1	 Department of Orthopaedic Surgery, Pusan National 
University Yangsan Hospital, Pusan National University 
School of Medicine, Yangsan, Republic of Korea

2	 Department of Orthopaedic Surgery, Medical Research 
Institute, Pusan National University School of Medicine, 
1‑10 Ami‑Dong, Seo‑Gu, Busan 49241, Republic of Korea


	Radiologic parameters of ankylosing spondylitis patients treated with anti-TNF-α versus nonsteroidal anti-inflammatory drugs and sulfasalazine
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Materials and methods
	Patient population
	Radiologic evaluation
	Clinical evaluation
	Statistical analysis

	Results
	Discussion
	References




