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Mobility performance in retinitis pigmentosa under different lighting simulation conditions
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This study examined the mobility performance in retinitis pigmentosa (RP) under different simulation lighting conditions. A total of 21 RP subjects and 21 age-matched controls were enrolled. Preferred walking speed (PWS) were determined using a simple mobility course at 61 cd/m2, while percentage of preferred walking speed (PPWS) and error score were determined at five different illumination levels, which were 62, 47, 20, 6 and 1 cd/m2 using a complex mobility course. RP and normal people had similar mobility performances in simple mobility situations at a constant high light level. In lower light levels as well as in complex mobility situations, RP subjects demonstrated markedly reduced mobility performance. The relationship between PPWS and luminance was linear, with the PPWS decreasing significantly when the mobility course luminance dropped below the illumination of 20 cd/m2. The error score was also noted to be linearly related to log luminance. A luminance level of 20 cd/m2 may provide a useful decision point in setting indoor light levels for clinical mobility courses.
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Introduction

Vision a key sensory system used in mobility (1, 2). When it is impaired, the ability to obtain information about the environment is reduced, thus affecting the mobility performance (2, 3). Previous studies on low vision have shown that mobility performance is highly dependent on both the level of as well as any transient changes in illumination (2–5). Peripheral vision is an important factor in mobility performance in people with low vision (6). Furthermore, mobility instructors have long recognized that people with peripheral visual field loss show greater mobility difficulty than people with central visual field loss (3, 7, 8). The type of visual field loss and the level of environmental illumination are both well known to influence mobility performance in people with low vision. Mobility is, however, far more complex than these earlier studies suggest. Researchers agree that any definition of orientation and mobility must be considered in the context in which it is being used (6). Orientation may be defined as ‘the process of utilizing all the remaining senses in establishing a person’s position and relationship to all other significant objects in the environment’ (9). However, mobility may be defined as ‘the ability to navigate from one’s present fixed position to one’s desired position in another part of the environment’ (6, 9). Mobility can also be considered to be ‘the ability to perform safe, efficient, and independent travel through an environment and at a speed close to normal walking pace’ (7, 9, 10).

Turano and Wang (11) stated that disease processes may result in the visual system performing anomalous processing of information that may affect visual perception and mobility performance. Visual dysfunction, as seen in RP, will result in a smaller visual field sample and reduce the amount of visual information obtainable in a single fixation (12, 13). This may lead to decreased efficiency in localizing objects or in visual search, resulting in poor orientation and decreased mobility (13). Poor night vision and prolonged dark adaptation in RP can also compound orientation difficulties (14–16). These factors make independent mobility difficult and stressful for people with RP (2, 10, 14, 15) and ultimately decrease their overall level of independence and their ability to travel safely (8, 13). This is a major issue for people with RP. Many studies have been conducted to examine the clinical visual function in people with RP (8, 10, 11, 13, 15). However, relatively few studies have specifically looked at mobility in RP subjects (13, 17, 18). Haymes et al. (17) reported that contrast sensitivity and residual visual field measures account for about 64% of the variance in a multiple regression model of mobility performance in RP. However, the effect of illumination on mobility performance was not investigated in this study. Recently, a few studies have specifically investigated the effect of illumination on mobility performance in RP. Geruschat et al. (8) investigated the relationship between a number of clinical measures and mobility performance under normal and reduced illumination in RP subjects. It was suggested that almost 70% of the variance in the RP subjects’ walking speeds was accounted for by contrast sensitivity and visual field measures. These findings are consistent with previous studies (10, 17). Furthermore, Geruschat et al. (8) suggested that both RP and normally sighted subjects travelled slower under low illumination. This suggests that light levels play an important role in determining the mobility performance of RP subjects. In few studies, the effect of illumination on mobility performance in RP subjects was observed at either “high” or “low” levels. Little quantitative data are available on the effect of illumination on mobility performance in RP subjects. Hence, the investigation of mobility performance as a function of different light levels is of interest.

Therefore, this study aims first to determine the mobility performance of RP subjects compared with age- and gender-matched controls over a range of simulated different illumination levels. The second aim of this experiment is to determine the illumination level at which RP subjects demonstrate increased difficulty in mobility and walking speed indoors. This study may lead to a better understanding of the nature of mobility performance in RP subjects indoors. At the same time, this study could have a considerable impact in determining the minimum level of lighting required by RP subjects indoors to mobilize safely and thus contribute to their quality of life.



Methodology

This was a cross-sectional study. Inclusion criteria include RP subjects diagnosed to have only RP and confirmed by an ophthalmologist, and the age between 18 and 65 years. Previous studies have shown that while there are several genetic (19, 20) and functional subtypes of RP, (21, 22) functional vision loss such as in visual fields, dark adaptation and contrast sensitivity appears to progress similarly regardless of the aetiology. RP subjects with 6/36 acuity or better were included in the study. Any RP subjects with macular changes, central scotoma or constricted visual fields of 5 degrees or less were excluded from the experiment. A total of 21 RP subjects (9 male and 12 female) were recruited from The Retinitis Pigmentosa Society of NSW, The National Foundation of Blind Citizens in NSW and The Low Vision Clinic at the School of Optometry, UNSW. The mean age for the RP subjects was 42.9 ± 10.7 (SD) years with a range of 19–62 years. The visual acuity for the right eye measured with the Snellen chart ranged between 6/5 and 6/36. The mean duration of diagnosis of the RP was 20 ± 12 (SD) years with a range of 2–39 years.

The selection criteria for the control group were aged between 18 and 65 years. All the controls had to be free from any ocular pathology, systemic diseases and congenital colour vision deficiency. To confirm that the control subjects were free from any pathology, ophthalmoscopy, visual acuity and confrontation testing were conducted. The test was conducted only on the right eye. The visual acuity of the control group was 6/5, and no significant lens opacities or macular changes were noted. The control group comprised a total of 21 people (9 male and 12 female) aged 19–63 years. The mean age for the control group was 42.5 ± 11.2 (SD) years. There was no significant difference (t-test, p = 0.91) between the mean ages of the RP and control groups.

In this experiment, two indoor mobility courses were designed to examine the mobility performance of both RP and control subjects. The indoor mobility courses were chosen to measure the mobility performance of these subjects in a controlled environment. The two mobility courses designed were the simple and complex mobility courses. The simple mobility course was conducted under a constant light level, while the complex mobility course was conducted under different simulation light levels. To quantify the mobility performance of the subjects, three mobility indices were measured: (a) preferred walking speed (PWS) – this is a measurement of speed and it assesses the efficiency of independent travel. The score is an indication of the subject’s confidence and indicates the degree of ‘stress’ placed on the subject within the environment (10, 23). (b) Percentage of preferred walking speed (PPWS) – this measurement expresses the subject’s walking speed as a PPWS (10, 23, 24). PPWS is an objective measure of mobility performance that allows more valid inter-subject comparisons, while accounting for the variation in age and physical attributes of subjects (24, 25). PPWS also allows the use of smaller subject samples in experiments, as there is a reduction in inter-subject variation. (18) (c) Mobility incidents – this is a measurement of the number of errors made along a mobility course. It assesses the level of ‘safe’ travel. Any contacts with obstacles are considered ‘unsafe’ mobility (10, 23). The error score is shown as described by Marron and Bailey (7), where Error score = log 10 100/(1 + No. of errors).

Mobility assessments were conducted in two stages. First, a simple mobility course under constant luminance levels (61 cd/m2) was done. Here, the time taken to complete the course was recorded. Subsequently, a complex mobility course was conducted at five different simulated lighting levels, which were 62, 47, 20, 6 and 1 cd/m2. Before performing each test, all subjects were allowed to adapt to the wrap-around spectacles for 10 min each. The time taken to complete each course at each of the light levels was recorded. The time taken by the subjects to complete the complex mobility course at each of the five light levels was measured in seconds, and recorded as PWS (m/s) and expressed as PPWS.
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Preferred walking speed at simple course

Informed consent was obtained from all the subjects after an explanation of the nature and possible consequences of the study. The research project was vetted and approved by the University of New South Wales Human Subject Ethics Committee Research and the approval code was CEPIHS No: 97127. In this experiment, the Cronbach’s alpha coefficient of reliability test using SPSS, Student’s t-test, one-way ANOVA, two-way ANOVA with repeated measures on one factor, paired comparison using a t-test with Bonferroni correction (26, 27), Scheffe post hoc comparison (28) and Pearson’s correlation analysis were used to analyse the data.




Results


Preferred walking speed under constant lighting condition

The mean PWS results for the RP and control groups were 1.32 ± 0.14 and 1.37 ± 0.13 m/s, respectively. No significant difference was found between the RP and control groups, both in the time taken (p = 0.25) and PWS (p = 0.21) to complete the simple mobility course. The mean ages of the RP and control groups were 42.9 ± 10.7 and 42.5 ± 11.2 years, respectively. It was found that there was no significant difference (t-test, p = 0.91) between the mean age groups. These findings suggest that RP subjects of similar age groups can travel as fast and as confidently as normally sighted subjects on a straight and unobstructed mobility course.


RP mobility performance under different simulation lighting conditions

The mean results for the error score and PPWS for RP and control groups are shown in Table 1. Note that a high error score (less mobility incidents) and a high PPWS indicate better performance. Test-retest reliability was conducted for RP and control subjects at different light levels using the Cronbach’s alpha coefficient of reliability. The alpha coefficient is similar to correlation analysis in that the nearer it is to 1, the more reliable the measurement scales. It was found that the alpha coefficient for PPWS was 0.97, and p > 0.0001 for both RP and control groups. The alpha coefficient for error score in the RP group was 0.43, p < 0.01, while for the control group it was 0.90, p < 0.0001. Therefore, it can be concluded that in the PPWS measurement, there was consistency among the individuals in each group. However, for the error score, it is seen that the measurement is significant, although not a very good measure. It is surmised that the small sample size may have influenced this and a larger sample size is indicated to explore the error-score reliability.


TABLE 1. Paired comparison of RP and control groups for error score and PPWS.
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Mobility incidents (error score). To determine the mobility performance at different light levels, the error score data were compared between the RP and control groups. The subjects’ mobility incidents were converted into an error score. The mean error scores for RP and control groups are tabulated in Table 1. The data analysis was performed using two-way ANOVA (RP and control groups) with repeated measures on one factor (luminance). This analysis showed an overall significant difference between the RP and control groups (p < 0.0001), indicating that the overall mobility performance of the RP group over all light levels was worse than that of the control group. There was also a significant interaction effect between the two RP and control groups (p < 0.0001) indicating that the two groups did not behave similarly across the luminance levels tested. This finding indicates that the RP subjects tended to encounter increasingly more mobility incidents than control subjects as the light level decreased. A paired comparison using a t-test with Bonferroni correction (α = 0.01) revealed no significant difference between the mean error score for RP and control groups under a normal light level of 62 cd/m2 (Table 1). However, at all other light levels, the mean error scores between the RP and control groups were significantly different. These findings suggest that even in the complex mobility course, RP subjects did not experience any more mobility incidents than controls at normal room light levels. However, once the luminance level decreased, RP subjects experienced a higher number of mobility incidents.

To determine the relationship between error score and light levels, a graph of mean error score against log luminance for RP and control groups was plotted (Figure 1). The Pearson’s correlation analysis showed a significant linear relationship between error score and luminance in RP (r = 0.54, p ≤ 0.001). However, in the control subjects, although there was a slight statistical relationship between error score and luminance (r = 0.21, p = 0.03), the relationship was not considered clinically relevant. To determine the effect of different luminance levels on the error score in each group, repeated measures ANOVA followed by Scheffe’s post hoc comparisons were used. Analysis of the error score for the RP group at different light levels showed that there was a significant difference (ANOVA, p < 0.0001) in the mean error score across light levels, suggesting that the mobility performance of RP subjects was highly dependent on the light level. Scheffe’s post hoc comparisons showed that in the RP group there was no significant difference in the mean error score until the light level decreased below 6 cd/m2. These findings suggest that the RP subjects may bump into more things when the room light level decreases below 6 cd/m2. However, in the control group, there was no significant difference (ANOVA, p = 0.25) in the mean error score with changes in light level.
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FIGURE 1. Error score against log luminance of the RP and control groups.


Walking speed. To determine the mobility performance at different light levels, the PPWS data were compared between the RP and control groups. The subjects’ PWS were converted into PPWS. This allowed more valid inter-subject comparisons. (23–25) The mean PPWS results for the RP and control groups are tabulated in Table 1. The data analysis was performed using two-way ANOVA (RP and control groups) with repeated measures on one factor (luminance). This analysis showed an overall significant difference between the RP and control groups (p < 0.0001), indicating that the overall mobility performance of the RP group over all light levels was worse than that of the control group. There was also a significant interaction effect between the RP and control groups (p < 0.0001), indicating that the two groups did not behave similarly across the luminance levels tested. This finding suggests that the RP subjects travelled more slowly than the control subjects at dimmer light levels. Furthermore, the RP subjects travelled slower than their own PWS when compared to the control subjects at all light levels. Paired comparison using a t-test with Bonferroni correction (α = 0.01) revealed no significant difference between the mean PPWS for RP and control groups under normal light levels of 62 cd/m2 until it was reduced to 20 cd/m2 (Table 1). However, at lower light levels, the means of the two groups were significantly different. These findings suggest that when the room light level ranges between 62 and 20 cd/m2, the mean PWS for both RP and control groups in a complex mobility environment are similar. However, once the light level decreased below 20 cd/m2, the mean PWS for the RP group was slower than the control group.

To determine the relationship between the PPWS and light levels, a graph of mean PPWS against log luminance for RP and control groups was plotted (Figure 2). PPWS in the RP group was found to be reduced by almost 35% as the light level decreased from 62 to 1 cd/m2. The reduction in the control group in PPWS was less than 10%. Thus, in darker conditions, both RP and control subjects travelled at a speed slower than their own PWS. However, the RP subjects reduced their walking speed by a much greater proportion than control subjects in similar conditions. The Pearson’s correlation analysis showed a significant linear relationship between the PPWS and luminance in the RP group (r = 0.51, p = < 0.0001). In the control group, there was also some statistical relationship noted between the PPWS and luminance (r = 0.41, p = 0.001).
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FIGURE 2. Percentage preferred walking speed against log luminance of RP and control groups.


To determine the effect of different luminance levels on the PPWS in each group, repeated measures ANOVA followed by Scheffe’s post hoc comparisons were used. Analysis of the PPWS for the RP group at different light levels showed that there was a significant difference (ANOVA, p < 0.0001) in the mean PPWS across light levels, suggesting that the mobility performance of the RP subjects was highly dependent on the light level. The Scheffe’s post hoc comparisons showed that in the RP group, there was no significant difference in the mean PPWS until the light level decreased below 20 cd/m2. This finding suggests that the RP subjects may start to have difficulties in mobility performance when the room light decreases below 20 cd/m2. For the control group, there was also a significant difference (ANOVA, p < 0.0001) in the mean PPWS with changes in the light level tested. The Scheffe’s post hoc comparison showed that in the control group, there was no significant difference in the mean PPWS until the light level decreased below 6 cd/m2. This finding suggests that the control subjects may start to have difficulties in mobility performance when the room light level is darker than 6 cd/m2.





Discussion


Mobility performance on a simple mobility course

In the simple mobility course, the PWS was not significantly different between the RP and control groups at the highest light levels (61 ± 6 cd/m2). This result indicates that the RP and control groups have similar mobility performance under normal illumination on a straight and unobstructed route. This is possible because the RP subjects were told that the simple mobility course was obstacle-free and safe for them to travel quickly. This result is consistent with other studies that have reported that on a simple mobility course, RP subjects perform as quickly and safely as control subjects (13, 17).



Mobility performance on a complex mobility course


Mobility incidents

At normal light levels in the complex mobility course, the RP subjects did not experience any more mobility incidents than the controls. However, the RP subjects had almost a 39% decrease in mobility performance when the light level was decreased by almost 2 log units in the same environment. Similar findings have been obtained in previous studies (8, 10). The reduction in the mobility performance of the RP subjects as the light levels decreased in this study clearly demonstrates that the mobility performance of RP subjects is dependent on the lighting conditions. These findings help explain why RP subjects do not have any mobility difficulties, such as bumping into things, under normal light levels but instead have difficulties at lower light levels. This is clearly seen in the relationship between the error score and light levels plotted in Figure 3. From this relationship, it can be seen that the mobility performance of RP subjects can be enumerated quantitatively. It was also found that when the light levels dropped below 20 cd/m2, the RP subjects developed increased mobility difficulties. These findings confirm what was previously a qualitative understanding of the fact that RP subjects do not perform well at low light levels.

A possible explanation for the increased mobility incidents experienced by the RP subjects in low light levels may be due to abnormal rod function (29, 30), which may lead to delayed dark adaptation (31) and reduced mesopic vision (32). Another possible explanation is that it may be due to the reduced amounts of visual information obtainable in a single fixation in these subjects (13). To walk safely, a person must be able to detect potential obstacles, determine their relative location and plan to navigate around them. This task requires data acquisition through successive fixations on the scene. However, with peripheral field loss, there would be a reduced amount of visual information obtainable in a single fixation. This would cause the RP subject to redirect fixation more often and make more eye and head movements. Greater amounts of mental effort would then be required (13). Therefore, in low light levels, the RP subject would not be able to gather all the visual information needed in a similar time frame to the control subjects, causing RP subjects to travel more slowly and experience more mobility incidents than normally sighted people.

Another possible explanation for the increased mobility incidents experienced by the RP subjects is the effect of a reduction in the quality of visual information obtainable in single fixation because of poor contrast sensitivity. It is well documented that contrast sensitivity is affected in RP subjects (33, 34)and that contrast sensitivity is highly correlated with object detection under lower illumination (4). Contrast sensitivity loss may also contribute to difficulties in object detection and recognition, resulting in RP subjects experiencing reduced visual information integration under low light conditions. In the control group, mobility incidents did not show a clinically significant variation with changes in light level. This result is consistent with previous reports (4, 8, 10).



Walking speed

The results of the study of the PWS may be summarised into two parts: (1) the mean PWS of the RP and control groups within simple and complex environments was similar at normal light levels, and (2) in the complex mobility course when the light levels decreased, the mean PWS of the RP group was slower than that of the control group. These findings again support the view that the mobility performance in RP subjects is highly dependent on the light level. These findings are consistent with other studies (8, 10, 17).

The results of the PWS were expressed as PPWS in the complex mobility course; this showed that (1) across all light levels, the mean PPWS in the RP subjects was significantly lower than that in the control subjects, indicating that the RP subjects’ performance was more affected as the light levels decreased. Similar findings have also been noted by previous researchers (10, 24). Haymes et al. (24), in simulated RP subjects, similarly reported that the PPWS was significantly reduced with decreasing retinal illuminance. 2) Under darker conditions, both RP and control subjects travelled slower than their PWS with RP subjects travelling slower. Similar findings were noted by Geruschat et al. (8). A possible explanation for the reduction in the PPWS in RP subjects could be the complexity of the mobility course used. Haymes et al. (25) demonstrated a significant reduction in PPWS when the complexity of a mobility course is increased. Another possible explanation is that the RP subjects were more cautious when travelling along the travel path, especially under different light levels. Besides, the severity of the RP clinical condition may also affect the PPWS. Therefore, all these factors will each contribute individually or collectively to the reduction of the walking speed (PPWS) in RP subjects.

Certain light levels may affect the PPWS in RP subjects more than in the control subjects. This can be seen clearly in the relationship between the PPWS and the light levels plotted in Figure 4. From the relationship, it is seen that the mobility performance (PPWS) of the RP subjects can be enumerated quantitatively. It was observed that the RP subjects started to experience difficulty when the light levels decreased by about 0.5 log luminance, while the control subjects started to experience difficulty when the light levels decreased by about 1.0 log luminance from normal room lighting. This differential light threshold is an important finding of this study. These findings confirm what was previously only a qualitative understanding of the fact that RP subjects do not perform well at low light levels. For example, when the RP subjects finish hanging clothes outdoors on a bright sunny day and then enters indoors, it would take a while for the RP subjects to be able to see clearly indoors. It is probably a good idea then to switch on the lights first before entering the kitchen so that there will be a lesser change in the ambient light levels. Due to the limited number of RP subjects, further investigation with a larger population of RP at different stages of the disease (early, moderate and advanced) according to visual field size should be conducted to confirm the current findings and minimise the effect of diverse populations.





Conclusion

The purpose of this study was to determine the relationship between light level and mobility performance in RP subjects. It can be concluded that at high constant light levels and on a simple mobility route, the mobility performance of the RP and control groups was similar. This finding illustrates that RP subjects do not have any difficulties in mobility when they are in normal lighting conditions. However, at different light levels and in the complex mobility route, a 2.0 log unit decrease in luminance had a strong, adverse effect on the mobility performance of the RP subjects. This is shown in the relationship between the mobility indices (PPWS and error score) and luminance. Clinically, measuring mobility incidents remains important. It is socially awkward making unwanted contact while walking. Furthermore, it is possibly a threat to one’s own safety. Therefore, mobility incidents should be considered carefully when determining the mobility performance of the RP subjects. In this study, the mobility performance of the RP subjects could be enumerated quantitatively. It was found that the relationship between PPWS and luminance in the RP subjects was linear. The PPWS of the RP subjects decreased significantly when the path luminance dropped below 20 cd/m2. The error score was also found to be linearly related to log luminance. The complexity of the mobility route will also affect the mobility performance of the RP subjects, and this can be seen with the increased number of mobility incidents, especially at low light levels.

Clinically, these findings will be able to help clinician in explaining to the RP subjects or their guardians why certain light conditions will have an adverse effect on the RP subjects while with other light conditions, the RP subjects are not affected, especially indoors. For example, when a patient with RP walks into a theatre, the RP subject will need some time to adjust to the dim light levels in the theatre before he or she can see clearly enough to locate their seats. In outdoors, the RP subjects may also experience difficulties, such as when a patient with mild RP drives into and then out of a tunnel. The RP subject must be extra careful when driving because it will take a while for them to adapt to different light levels. Furthermore, these findings also help the clinician to determine the minimal lighting levels that should be used in the modification of the environment for the RP subject so that mobility problems and other issues may be reduced. For the control subjects, a 2.0 log unit decrease in luminance had little effect on the mobility performance. The PPWS was essentially independent of luminance, although a slight decrease in PPWS was noted when the luminance dropped below 6 cd/m2. The error score was also essentially independent of log luminance, and the complexity of the mobility route had no effect on the mobility performance.
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