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SUMMARY 

 

Objective: This study evaluates the loss of balance and fall risk in patients 

with Ankylosing Spondylitis (AS), and assesses their relationship with 

disease activity, functional status, spinal mobility, quality of life and 

enthesitis score. 

Method: Included in the study were 50 AS patients who were diagnosed in 

accordance with the modified New York criteria, and 50 healthy volunteers 

of similar age and gender. For the AS patients, disease activity was assessed 

using the Bath Ankylosing Spondylitis Activity Index (BASDAI) and 

Ankylosing Spondylitis Disease Activity Score (ASDAS) C-reactive 

protein/Erythrocyte sedimentation rate (CRP/ESR); functional status was 

assessed using the Bath Ankylosing Spondylitis Functional Index (BASFI); 

spinal mobility was assessed using the Bath Ankylosing Spondylitis 

Metrology Index (BASMI); and quality of life was assessed using the 

Ankylosing Spondylitis Quality of Life Questionnaire (ASQoL). 

Additionally, a Short form-36 (SF-36) was used to assess quality of life in 

both the AS patients and the healthy control group; while a Timed Up and 

Go-test (TUG), Functional Reach Test (FRT), Berg Balance Scale (BBS) 

and Tinnetti’s Falls Efficacy Scale (TFES) were used to assess balance and 

fall risk. Enthesitis in the AS patients was evaluated using Maastricht 

Ankylosing Spondylitis Enthesitis Score (MASES).  

Results: A comparison of the AS patients and the healthy controls in terms 

of BBS, FRT, TUG and TFES revealed balance loss and fall risk to be 

higher in the AS patient group, to a statistically significant degree 

(p<0.001). BBS, FRT, TUG and TFES were statistically significantly 

correlated with BASDAI, BASMI, BASFI, ASDAS-ESR, ASDAS-CRP 

and ASQoL in AS patients (p<0.05), while no statistically significant 
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correlation was identified between BBS, FRT, TUG, TFES and MASES 

(p>0.05). 

Conclusions: Loss of balance and fall risk are higher in AS patients than in 

healthy individuals. Loss of balance and fall risk is associated with disease 

activity, poor functional status, limited spinal mobility and quality of life in 

AS patients. That said, there is no association between enthesitis score and 

loss of balance and fall risk in AS patients. These findings suggest that loss 

of balance loss and fall risk should be assessed in patients with AS. 

Keywords: Enthesitis, fall, balance, ankylosing spondylitis 

 

 

ÖZET 

Amaç: Bu çalışmanın amacı Ankilozan Spondilit’li (AS) hastalarda denge kaybı ve düşme riskini değerlendirmek, denge 

kaybı ve düşme riskinin hastalık aktivitesi, fonksiyonel durum, spinal mobilite, yaşam kalitesi ve entezit skoru ile ilişkisini 

araştırmaktır. 

Yöntem: Bu çalışmaya modifiye New York kriterlerine göre tanı alan 50 AS’li hasta, yaş ve cinsiyet açısından benzer 

50 sağlıklı gönüllü dahil edildi. AS’li hastalarda hastalık aktivitesini değerlendirmek için Bath Ankilozan Spondilit 

Aktivite İndeksi (BASDAI) ve Ankilozan Spondilit Hastalık Aktivite Skoru (ASDAS) C-reaktiv protein/Eritrosit 

Sedimentasyon Hızı (CRP/ESH), fonksiyonel durumu değerlendirmek için Bath Ankilozan Spondilit Fonksiyonel İndeks 

(BASFI), spinal mobiliteyi değerlendirmek için Bath Ankilozan Spondilit Metroloji İndeks (BASMI), yaşam kalitesini 

değerlendirmek için Ankilozan Spondilit Yaşam Kalitesi Anketi (ASQoL) kullanıldı. Ek olarak AS’li hasta ve sağlıklı 

kontrol grubunda yaşam kalitesini değerlendirmek için Kısa form-36 (SF-36), dengenin ve düşme riskinin 

değerlendirmesinde Berg Denge Ölçeği (BBS), Fonksiyonel Erişim Testi (FRT), Zamanlı Kalk Ve Yürü Testi (TUG) ve 

Tinetti Düşme Etkinlik Ölçeği (TFES) kullanıldı. AS’li hastalarda entezit değerlendirilmesi için Maastricht Ankilozan 

Spondilit Entezit Skoru (MASES) kullanıldı.  

Bulgular: AS’li hastalar ve sağlıklı kontrol grubu BBS, FRT, TUG ve TFES açısından karşılşatırıldığında denge kaybı 

ve düşme riski AS’li hastalarda daha yüksekti ve bu istatistiksel olarak anlamlıydı (p<0.001). AS’li hastalarda BBS, FRT, 

TUG ve TFES ile BASDAI, BASMI, BASFI,  ASDAS-ESR, ASDAS-CRP ve ASQoL arasında istatistiksel olarak 

anlamlı korelasyon mevcutken (p<0.05) AS’li hastalarda BBS, FRT, TUG ve TFES ile MASES arasında istatistiksel 

olarak anlamlı bir korelasyon yoktu (p>0.05). 

Sonuç: AS’li hastalarda denge kaybı ve düşme riski sağlıklı bireylerden daha yüksektir. AS’li hastalarda denge kaybı ve 

düşme riski ile yüksek hastalık aktivitesi, kötü fonksiyonel durum, kısıtlı spinal mobilite ve yaşam kalitesi arasında bir 

ilişki vardır. Bununla birlikte AS’li hastalarda entezit skoru ile denge kaybı ve düşme riski arasında ilişki yoktur. Bu 

sonuçlar AS’li hastalarda denge kaybı ve düşme riskinin değerlendirilmesi gerektiğini göstermiştir. 

Anahtar sözcükler: Entezit, düşme, denge, ankilozan spondilit. 

 

 

INTRODUCTION 

Ankylosing spondylitis is an inflammatory 

disease that causes structural deformities and 

functional impairments, affecting specifically the 

axial skeletal system and leading to back pain and 

enthesitis.1,2 The inflammation and structural 

deformities associated with AS lead to back pain, 

spinal stiffness and limitations of movement.3 In 

the advanced stages, AS leads to kyphotic posture 

and limits the spinal mobility.3 The increased 

kyphosis of the spine in patients with AS causes 

the balance point to move anteriorly and 

inferiorly.4 Biomechanical changes in AS 

patients, such as impaired posture and reduced 

spinal mobility, have been reported to result in 

balance disorders.3 It is known that AS patients 

are at greater risks of falls fall and have difficulty 

in maintaining postural stability due to balance 

disorders.5,6 

Enthesitis refers to inflammation of the sites 

where ligaments or tendons attach to the bone. 

Enthesitis may occur in various parts of the body, 

but especially in the Achilles region.7 

Enthesopathies are believed to affect the afferent 

nerve fibers in the tendons, joints and ligaments, 

and contribute to a loss of balance by impairing 

proprioception.8 

Literature contains a limited number of studies 

evaluating loss of balance and fall risk in AS 

patients. That said, to our knowledge, there has 

yet to be any study evaluating the relationship 

between enthesitis score with loss of balance and 

fall risk in patients with AS. The aim of the 

present study, therefore, is to compare the loss of 

balance and fall risk in AS patients with healthy 

subjects, and to identify the association of loss of 

balance and fall risk with enthesitis score in 

patients with AS. 
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MATERIAL AND METHODS 

This cross-sectional comparative study was 

conducted in the Physical Medicine and 

Rehabilitation Clinic between April 2019 and 

October 2019. 

The study included 50 patients aged between 18 

and 65 who had been diagnosed with AS 

according to the modified New York criteria 9, 

while the control group included 50 healthy 

subjects matched for sex, age and body mass 

index. Hospital staff volunteered to take part as 

the healthy controls.  

Patients with known vestibular or visual 

problems that could cause balance and posture 

disorders; those with orthopedic or neurological 

diseases (hemiplegia, Parkinson’s disease, 

multiple sclerosis, myopathy, scoliosis, extremity 

amputation, peripheral nerve damage of lower 

extremities, polyneuropathy, etc.); those with 

psychiatric diseases, cardiovascular diseases, 

diabetes and cognitive problems; and those who 

were pregnant were excluded from the study. 

The demographic data of the AS patient group 

and the healthy controls were recorded. The 

duration of disease and history of medication of 

AS patients were questioned, and a detailed 

musculoskeletal system examination was made 

by the same physician for each participant. CRP 

and ESR were analyzed using standard laboratory 

techniques. The disease activity of the AS 

patients was assessed using BASDAI10,11 and 

ASDAS-CRP/ESR.12 The functional status and 

spinal mobility of the AS patients were assessed 

using BASFI13,14 and BASMI15, respectively. The 

quality of life of the AS patients was assessed 

with the ASQoL16,17, and in both the AS patients 

and the healthy controls with SF-36.18,19 Finally, 

BBS, FRT, TUG and TFES20-23 were used to 

assess loss of balance loss and fall risk. 

An assessment of enthesitis in the AS patient 

group was made using MASES, which is an index 

that evaluates through the palpitation method 13 

different enthesitis sites, being the bilateral first 

costochondral joint, the seventh costochondral 

joint, the spina iliaca anterior and posterior, the 

spina iliaca posterior superior, the iliac crests, the 

Achilles tendon and the fifth lumbar spinous 

process. The total score varies between 0 and 

13.24 The musculoskeletal system examination 

and all assessments of the AS patients were 

performed in the afternoon to circumvent any 

problems related to morning stiffness. 

The Ethics Committee of Sivas Cumhuriyet 

University approved the study (number: 2019/03-

20, dated 16.03.2019), and the informed consent 

of the patients for participation was obtained. 

This study was conducted in accordance with the 

Declaration of Helsinki. 

Statistical Analysis 

The garnered data was analyzed statistically 

using IBM SPSS Statistics version 22.0 software 

(IBM Corp., Armonk, NY, USA). The 

conformity of the data to normal distribution was 

analyzed with a Kolmogorov-Smirnov test. A 

Student's t-test was applied when the parametric 

test assumptions were met; and a Mann-Whitney 

U test and Spearman’s correlation test was used 

when the parametric test assumptions could not 

be met. A correlation of 0.10 to 0.29 was 

considered slight, 0.30 to 0.49 modest, and 0.50 

to 1.0 as good to interpret the results. A Chi-

Square test was used to evaluate the categorical 

data. The data was expressed in tables as 

numbers, percentages and mean/median ± 

standard deviation, with a p value of <0.05 

considered statistically significant. Considering 

the 0.49% prevalence rate of AS in Turkey2 and 

the total population of the province, 50 patients 

were included in the study within a 95% 

confidence interval. The power of the study was 

calculated post-hoc and found to be 98.1%. 

RESULTS 

Table 1 presents the demographic data of the AS 

patient group and the healthy control group. 

Table 2 presents the duration of disease, and the 

ASDAI, BASMI, BASFI, ASDAS ESR/CRP, 

ASQoL and MASES values of the AS patient 

group. A comparison of the results of the BBS, 

FRT, TUG and TFES assessments of balance loss 

and fall risk among the AS patients and the 

healthy control group revealed loss of balance 

loss and fall risk to be higher in the AS patient 

group, to a statistically significant degree 

(p<0.001). Additionally, when the groups were 

compared in term of quality of life, a statistically 

significant difference was noted in all 

subparameters of SF-36 between the AS patients 

and the control group (p<0.001) (Table 3). The 

BBS, FRT, TUG and TFES results, which are 

used to assess the loss of balance and risk of fall 

in AS patients, were statistically significantly 

correlated with BASDAI, BASMI, BASFI, 

ASDAS-ESR, ASDAS-CRP, ASQoL and SF-36 

(p<0.05), while there was no statistically 

significant correlation between BBS, FRT, TUG, 

TFES and MASES (p>0.05) (Table 4). MASES 

had a statistically significantly positive 

correlation with BASDAI, ASDAS-ESR and 

ASDAS-CRP, pointing to disease activity in AS 
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patients (p<0.001, r= 0.551; p=0.001, r=0.414; 

p=0.001, r=0.421, respectively). 

 

     Table 1: Comparison of the demographic data of the groups 

                                                AS patients (n=50)                              Control (n=50) 

 

                                                 

                                                Mean±SD                                                Mean±SD               p 

 

Age (year)                             41.50±9.41                                             41.38±9.23              0.929 

 

BMI (kg/m2)                          26.9±4.18                                               26.03±3.74              0.537 

 

Gender                                    n (%)                                                       n (%)                          

 

Female                                    16 (32)                                                   16 (32) 

                                                                                                                                                    1 

Male                                        34 (68)                                                   34 (68) 

 

 

     AS: Ankylosing spondylitis; BMI: Body mass index; n: Number of patients 

 

Table 2: Duration of disease, disease activity scores, spinal mobility, functional status, quality of        

life  and enthesitis score of patients with ankylosing spondylitis 

 

                                                                AS patients (n=50) 

                                                                 

                                                                  Mean±SD 

 

Disease duration (year)                             8.2±6.4 

 

BASDAI                                                   5±1.63 

 

BASMI                                                     4.48±2.46 

 

BASFI                                                       5.32±2.02 

 

ASDAS-ESR                                            2.65±0.77 

 

ASDAS-CRP                                            2.96±0.76 

 

ASQoL                                                     10.26±5.16 

 

MASES                                                    2.1±2.13 

 
AS: Ankylosing spondylitis; BASDAI: Bath Ankylosing Spondylitis Activity Index; BASMI: Bath Ankylosing Spondylitis   

Metrology Index; BASFI: Bath Ankylosing Spondylitis Functional Index; ASDAS: Ankylosing Spondylitis Disease Activity 

Score; ESR: Erythrocyte Sedimentation Rate; CRP: C-reactive protein; MASES: Maastricht Ankylosing Spondylitis Enthesis 

Score; ASQoL: Ankylosing Spondylitis Quality of Life Questionnaire 
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     Table 3: Comparison of the groups in terms of loss of balance, fall risk and quality of life 

                                                          

                                                           AS (n=50)                                      Control (n=50) 

                                                         

                                                      Mean/Median±SD                           Mean/Median±SD                p 

 

Berg Balance Scale                       46.8±4.99                                         55.16±1                     <0.001* 

 

Functional Reach Test                   22.06±5.73                                      30.9±3.22                  <0.001* 

 

Timed Up and Go                          12.5±3.05                                        8.82±1.41                  <0.001* 

 

Tinnetti’s Falls Efficacy Scale      45.4±19.43                                       13.04±4.82                <0.001* 

 

SF-36 Sub-scales 

 

Physical functioning                      59.6±25.23                                       90.3±15.53                <0.001* 

 

Physical role limitations                22.5±35.8                                         80±34.63                   <0.001* 

 

Emotional role limitations             39.34±42.43                                     79.34±33.6               <0.001* 

 

Vitality                                           28.2±16.93                                       63±17.58                 <0.001** 

 

Mental health                                 48.48±14.98                                     69.28±12.56             <0.001**  

 

Social functioning                          50.75±20.27                                     85±18.56                  <0.001* 

 

Pain                                                46.14±16.81                                     77.25±22.99             <0.001** 

 

General health perception              31.6±20.81                                       72.3±17.76               <0.001* 

 

 

AS: Ankylosing spondylitis; SF-36: Short Form-36; n: number of patients; *Mann-Whitney U test was 

used; **Student's t-test was used. 

 

 

 Table 4: Correlation between BBS, FRT, TUG and TFES and spinal mobility, functional status, 

disease activity, quality of life and enthesitis score in AS patients 

   AS patients (n=50)           BBS                          FRT                         TUG                         TFES 

 

                                           r             p              r              p               r              p              r              p 

 

MASES                              0.193    0.089      -0.049      0.367       0.074       0.306      -0.164      0.128 

 

BASDAI                           -0.28      0.024      -0.351      0.006       0.370       0.004       0.241       0.046 

 

BASMI                             -0.893   <0.001     -0.523    <0.001       0.555     <0.001       0.859    <0.001 

 

BASFI                              -0.760   <0.001      -0.613   <0.001       0.670     <0.001       0.767    <0.001 

 

ASDAS-ESR                    -0.426     0.001      -0.429     0.001       0.479     <0.001       0.376      0.004 

 

ASDAS-CRP                    -0.426     0.001     -0.460    <0.001       0.447       0.001       0.403      0.002 
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ASQoL                             -0.427     0.001      -0.548    <0.001     -0.500     <0.001      -0.410      0.002 

 

SF-36                                 0.543   <0.001       0.524    <0.001     -0.494     <0.001      -0.503    <0.001 

 

Disease duration(year)     -0.336     0.009      -0.280      0.024       0.103       0.238       0.335      0.009 

 
AS: Ankylosing spondylitis; BASDAI: Bath Ankylosing Spondylitis Activity Index; BASMI: Bath Ankylosing Spondylitis 

Metrology Index; BASFI: Bath Ankylosing Spondylitis Functional Index; ASDAS: Ankylosing Spondylitis Disease Activity 

Score; ESR: Erythrocyte Sedimentation Rate; CRP: C-reactive protein; MASES: Maastricht Ankylosing Spondylitis Enthesis 

Score; ASQoL: Ankylosing Spondylitis Quality of Life Questionnaire; BBS: Berg Balance Scale; FRT: Functional Reach 

Test; TUG: Timed Up and Go-test; TFES: Tinnetti’s Falls Efficacy Scale; SF-36: Short form-36, n: number of patients. 

Spearman correlation test was used. 

 

DISCUSSION 

The present study has evaluated the relationship 

between loss of balance and fall risk with spinal 

mobility, functional status, disease activity, quality 

of life and enthesitis score in patients with AS, and 

found loss of balance and fall risk to be higher in 

AS patients than in the healthy control. 

Furthermore, this study identified an association 

between loss of balance and fall risk and spinal 

mobility, functional status, disease activity and 

quality of life in patients with AS. In contrast, no 

relationship could be found between loss of 

balance loss and fall risk, and the enthesitis score. 

AS is a chronic progressive inflammatory disease, 

AS is likely to affect quality of life through 

functional restrictions. Previous clinical studies 

have demonstrated that quality of life is affected in 

AS patients26,27 In the present study, all sub 

parameters of SF-36, as an evaluation of quality of 

life, were found to be lower in AS patients than in 

healthy controls. This finding concurs with 

previous studies evaluating quality of life in AS. 

Patients with AS are likely to experience abnormal 

postural changes during the course of the disease, 

and these have been reported to have a negative 

effect on balance. Murray et al.28 identified a 

greater loss of balance in AS patients than in the 

healthy controls. Likewise, studies evaluating 

balance through various methods in the presence of 

AS showed a higher extent of balance loss in AS 

when compared to healthy subjects.29-31 Similar to 

prior clinical studies, the findings of the present 

study showed that AS patients experienced a 

greater loss of balance than healthy subjects. Poor 

balance is a significant risk factor for falls. Despite 

various clinical studies assessing loss of balance in 

AS patients, there have been limited studies 

evaluating the risk of falls in AS patients. Dursun 

et al.5 identified a greater risk of falls in AS patients 

when compared to healthy subjects; and another 

study also demonstrated a greater risk of falls in AS 

patients compared to healthy subjects.32 

Furthermore, previous clinical studies have 

reported an association between risk of falls and 

duration of disease, BASMI, BASDAI, BASFI and 

ASQoL scores that measure spinal mobility, 

functional status, disease activity and quality of 

life.5,32 Similar to previous clinical studies, the 

findings of the present study indicate that AS 

patients are at greater risk of falls than healthy 

subjects. Similar to the findings of previous clinical 

studies, it is demonstrated in the present study that 

spinal mobility, functional status, disease activity 

and quality of life are associated with risk of falls 

in AS patients. 

Enthesitis is a significant clinical symptom of AS, 

referring to inflammation in the areas where 

ligaments or tendons attach to the bone.33 

Enthesitis has been linked to disease activity in AS. 

One clinical study established a link between 

BASDAI, which indicates disease activity in AS, 

and enthesitis indices.27,34,35 The findings of the 

present study are in agreement with earlier studies, 

showing a significant correlation between 

enthesitis score and the BASDAI disease activity 

index in AS patients. Furthermore, the present 

study further established that ASDAS-CRP and 

ASDAS-ESR, which indicate disease activity 

differently from BASDAI in AS, were significantly 

correlated with enthesitis score.  

Entheses are believed to impair proprioception by 

affecting the nerve fibers and Golgi tendon organs, 

resulting in loss of balance.8 Previous studies have 

reported that Achilles enthesitis in particular has an 

adverse effect on balance in AS.8,33 A recent study 

by Talu et al.8 identified an association between 

high MASES values and high postural sway in AS 

patients. The present study found no link between 

enthesitis score and loss of balance in AS patients. 

The findings of the present study are different to 

those reported in previous clinical studies, which 

we believe may be due to the differences in 

methods used for the evaluation of balance 

disorders in AS. To our knowledge, this study is the 

first to assess the link between enthesitis score and 

risk of falls in AS patients, and concluded that no 
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significant association exists between enthesitis 

score and risk of falls in AS patients. 

In addition to the methods used, the limitations of 

this study include the lack of evaluation of loss of 

balance and risk of fall for device assisted, its lack 

of separation of patients into drug users and non-

users (the drug be potentially vestibulotoxic), its 

lack of evaluation of Mander enthesis index, its 

lack of distinction between peripheral involvement 

and axial involvement in AS patients, its failure to 

question the history of falls of AS patients, and its 

failure to use ultrasound or magnetic resonance 

imaging to detect the presence of enthesitis. 

In conclusion, this study has demonstrated that loss 

of balance and risk of fall is higher in AS patients 

than in healthy individuals. The study also revealed 

loss of balance and risk of fall to be significantly 

associated with disease activity, poor functional 

status, limited spinal mobility and quality of life in 

AS patients. No association was identified between 

the enthesitis score and loss of balance and risk of 

falls in AS patients. We believe that these findings 

will raise awareness of physicians during the 

treatment and follow-up of AS patients regarding 

the assessment of loss of balance loss and risk of 

fall. There is a need for further clinical studies to 

objectively evaluate the loss of balance and risk of 

falls involving a larger number of patients, with 

imaging techniques used to assess enthesitis. 
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