Four Squares and a Circle: The Geometry of a Voice Evaluation

Voice Disorders are typically caused by a complex interaction of components. Members of the interdisciplinary team in the Pacific Voice Clinic/PVCRP have developed a model for evaluating individuals with voice disorders. This model helps clinicians to work systematically through a voice evaluation, then to develop an appropriate treatment plan.

Our model purports that dysphonia in all individuals with voice disorders is built on a platform with 4 components, (squares) and each component square is assumed to contribute to an individual’s voice problem to some degree until proven otherwise. The squares are: Lifestyle (L); Emotions (E); Reflux (R); and Technique (T). It may be helpful to use the pneumonic: Dysphonia ALERT, to keep in mind the four squares. 
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A primary pathology, such as neuromuscular or mucosal disease, or a secondary pathology, such as bilateral vocal fold nodules, may lie over the platform created by the 4 interactive components. In our model, the possibility of a primary or secondary pathology is represented by a flattened circle.
The following 6 statements are axioms that are helpful to have in mind when evaluating individuals with voice disorders:

1. Vocal communication requires coordination of muscle systems throughout the body.  A relatively steady column of air must be maintained by the respiratory system, in order to contribute the appropriate sub-glottal aerodynamic force for self-sustained oscillation of the vocal folds. The vocal folds must be adducted with a closing force that is appropriate to the vocal task. The upper vocal tract resonators must be adjusted to provide amplification and the desired tonal focus, and the articulators must be in constant motion to meet phonological demands. 

2. Some individuals become vocally skillful with apparent ease, most are average, and a few have very poor vocal technical ability.  The levels of skill tend to follow a normal distribution curve as shown below.  Individuals with good voice skills are less likely to become dysphonic in response to psychological distress or to structural changes of the vocal folds than are those at the “poor” end of the spectrum. Children are probably born with natural vocal technique, but their vocal apparatus is constantly growing and changing, and communication demands becoming more complex.



            

3. Speaking or singing with poor technique will lead to more wear and tear on the vocal folds than will the same amount of loud or aggressive voice produced with skill. Younger adult vocal folds are more resilient than are older ones, therefore older voice users need to be wiser and more skillful to avoid damage. The vocal mechanism is not fully developed until after puberty, so children may be more susceptible to vocal fold trauma in the early years. 

4. Many people use their voices extensively and exuberantly. They are more susceptible to vocal fold damage and dysphonia if they have poor vocal skills.

5. Psychological distress leads to dysphonia through various mechanisms. The two most common are (a) repression of vocal expression of negative emotions, resulting in (b) increased muscle tension in the larynx, jaw, tongue, neck, and/or respiratory system. 

6. Gastro-esophageal reflux may produce symptoms in 10% of the general population. It increases pharyngeal-laryngeal muscle tension and may be accompanied by chronic laryngeal inflammation. Reflux-induced increases in laryngeal muscle tension aggravate any coexistent dysphonia. Yes, some children have GE reflux!

Be alert during voice evaluations! Consider every square before you dismiss its potential contribution to a voice disorder, even if you have already identified etiological factors in other squares...

Lifestyle and Occupation

Consider how general behavioral patterns may affect the voice, such as:

· excessive talking or singing in poor acoustical environments, for example night clubs, swimming pools, gymnasiums, moving vehicles, or outdoors.

· general talkativeness

· smoking

· occupational voice demands
Emotion: 

Explore possible psychological factors in the production of the dysphonia by seeking in the history for evidence of:

· a traumatic event around the onset of the dysphonia

· difficulties in communicating with significant others

· repression of expression of negative emotions, such as anger or sadness

· abusive relationships in childhood or later

· narcissistic preoccupation with voice

· overt anxiety or depression 

· personality features that seem to predispose a person to vocal abuse

Most people will agree that their voice difficulty gets worse at times of added stress.  It is helpful to ask about which stressors seem to affect the voice most noticeably, because this may direct the interview to the source of psychologically based muscle misuse.

Gastro-esophageal Reflux and Associated Medical Conditions
Determine the relative importance of gastro-esophageal reflux in the dysphonia by evaluating symptoms such as:

·  throat sensations in the morning

·  waking at night coughing or choking

·  habitual throat clearing

·  the sense of a lump in the throat (globus pharyngeus)

· sensation of post-nasal drip 

· sour, or acidic taste 

· heartburn or water brash (regurgitation)

· asthma or other chronic breathing difficulties

If you have a laryngoscope, look for evidence of reflux laryngitis, usually manifest by excess redness or granularity in the posterior larynx.  Special tests for reflux, such as esophageal manometry and 24-hour pH monitoring can be ordered by a physician.
Technique and Vocal Skill

Assess and grade the level of vocal technical ability:

· observe general posture; head, neck and shoulder alignment; and movement

· note jaw position and freedom of movement

· observe strap muscle activity, especially omohyoid action with breathing and 

speech

· watch and feel respiratory action during speech, singing, and other relevant   

vocal activities. Note abnormal speech breathing patterns, particularly absence of abdominal distension, exaggerated thoracic movement, and large lung volumes on inhalation

· listen for inappropriate pitch, loudness and quality, and note resonance focus
· measure physiological ranges for vocal f0, intensity and phonation duration
· note rate of speech, phrasing patterns, fluency
· palpate suprahyoid, thyrohyoid, cricothyroid, and inferior constrictor muscles

· observe variability in dysphonia, and explore voice improvement with appropriate diagnostic therapy techniques

The Overlying Pathological Process
Once you have completed your platform assessment, consider the contribution of any diseases, lesions, or injuries, to the dysphonia. By leaving this component to the end, you are less likely to be “blinded” by the obvious, and less tempted to ignore the platform components that represent the real person in front of you. 

In our model, the pathology circle always lies over the platform created by the 4 interactive component squares. Overlying pathologies usually fall into 1 of 2 main groups:

1. disorders of neuromuscular function, such as vocal fold paralysis, dystonia and tremor, degenerative diseases, brain injury, and stroke

2. mucosal diseases such as acute or chronic inflammation, vocal nodules, polyps, contact ulcer and granuloma, cysts, sulci, or neoplasia

Consider any interactions of the four squares with the circle. In some cases, the overlying pathology may be secondary, or caused by, the square components. For example, vocal nodules may be caused by postural and muscle misuses, together with vocal abuse. Contact granuloma is caused by reflux and muscle misuse. In other cases, square components may be aggravated by a primary pathological process. For example, individuals with benign essential tremor affecting the voice may compensate inappropriately by increasing adductory forces on the vocal folds in an attempt to suppress the tremor. This commonly results in exacerbation of the tremor and any accompanying spasm, due to increased contact between the vocal folds, and reduced airflow. 

As you determine the relative importance of each of the squares, they may change sizes relative to each other, and relative to the circle. A pattern will arise that gives direction in treatment planning.  

Case Example:

A 25-year-old female fitness teacher is a single parent struggling to access her court-ordered child support. She loses her voice each time she has to talk to her ex-husband. She has moderately-sized bilateral vocal nodules.  Her platform may look like this:







Treatment priorities will include helping this woman recognize the relationship between her emotions and muscle misuse affecting her voice. Specifically, she will be directed to vocally express her repressed anger, so that the vocal output represents the intensity of her emotion. Another priority in treatment will be acquisition of an appropriate vocal amplification system for use during her work, which involves speaking over loud music and equipment noise. She will be trained in use of the amplification system, and suggestions will be made for reducing the amount of time she speaks over noise. It would be inappropriate to plan surgical removal of her “overlying” vocal nodules until the platform components have been thoroughly explored and treated. Once this comprehensive treatment is complete, the presence of nodules may become a cosmetic issue rather than a functional one. 
Needless to say, there will be as many variations in this model as there are patients with voice disorders, and the interactions among the component squares and the overlying pathology circle will be different for each of the individuals and disease processes.  When no overlying pathological process is evident (and sometimes even when one is evident), the treatment regimen should focus on resolution of the contributing platform components in proportions representing the degree to which each of them is responsible for the voice disorder. Adherence to this model of patient management should assure that the majority of people seeking help with a difficult voice problem will become satisfied customers.

Adapted, with permission, from: Rammage L, Morrison M and Nichol H et al (2001) Management of the Voice and Its Disorders. San Diego/Albany, NY:Singular-Thomson Learning.
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