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Joint haemorrhage in haemophiliacs culminates in
severe arthropathy, with signs of inflammation (simi-
lar to rheumatoid arthritis) as well as degenerative
changes (similar to osteoarthritis) [1]. The elbow joint
is the second most commonly affected joint by haemo-
philic arthropathy [2], and a previous study reported
that symptoms of elbow arthropathy are observed in
80% to 90% of haemophilic patients [3]. Restriction
of range of motion in the elbow due to elbow arthrop-
athy or pain upon bending the elbow interferes with
the task of tooth brushing, which could result in poor
oral hygiene. A previous experimental study con-
ducted in 1965 demonstrated that lack of mouth
cleaning for a short period of time worsened oral
hygiene state and resulted in periodontitis [4].
Removal of the causative dental plaque is an impor-

tant factor in the prevention of periodontal disease
[5]. For more effective control of the plaque, various
materials and tools have been designed and developed
including the shape of the toothbrush head and handle
for easy gripping and tooth brushing [6]. However, no
mouth cleaning devices are currently commercially
available that are suitable for use by patients with stiff
elbow such as patients with haemophilic elbow
arthropathy. This study describes the development
and evaluation of a new toothbrush tailored for
patients with elbow joint movement limitation.
The study subjects were five haemophilia A patients.

The study protocol was approved by the ethics review
committee of the National Center for Global Health
and Medicine (approval #NCGM-G-001095-00).
Written informed consents were obtained from all
patients.
Thermo-Pellets�; North Coast Medical Inc., Gilroy,

CA, USA) extension was added to commercially

available 155-mm-long toothbrush (GVK 3.07 soft;
K.O. Dental Corp., Tokyo, Japan; Fig. 1a), to con-
struct the prototype toothbrush used in this study.
The designed toothbrush (Fig. 1b) encompassed appr-
oximately 10° flexion of the toothbrush head with
the length of the handle fabricated to suite the indi-
vidual patient.
Evaluation of the usefulness of the prototype tooth-

brush was based on its ability to remove the dental
plaque safely and effectively. The plaque removal abil-
ity of the custom-designed toothbrush was compared
with that of the commercially available (control)
toothbrush through interview with the patients. Fur-
thermore, the dental plaque adhesion state was evalu-
ated according to the plaque control record (PCR), as
described by O’Leary et al. [7]. The area of the plaque
on the tooth surface was estimated after staining with
Food Red No. 105 (rose bengal), as described previ-
ously [7]. The erupted teeth up to the second molars
were stained and inspected. PCR is used to estimate
the dental plaque adherent to the surface of the cervi-
cal tooth by dividing each tooth into four sides; the
medial proximal surface, the distal proximal surface,
the lip/cheek side and the palatoglossal side. A score
of 1 represents stained tooth surface (presence of pla-
que), whereas a score of 0 represents lack of staining
(no plaque). PCR is calculated using the following
equation: PCR = Total number of dyed tooth sur-
faces/number of inspected tooth surfaces 9 100 (%).
PCR was evaluated by two dental care providers.
Teeth that could not be easily evaluated for dental
plaque (score 0 or 1) were considered positive for pla-
que (1). PCR was determined before, during and the
final time when the optimum design of the toothbrush
yielded the best PCR level.
All subjects were under comprehensive and long-

term clinical care for systemic symptoms including
dental disorders associated with haemophilia and HIV
infection; accordingly, the evaluation date, the interval
between evaluation dates, and the instruction on PCR
measurement were not unified for all patients. The
duration and frequency of tooth brushing were
recorded during the scheduled hospital visits for
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clinical check-up and treatment without particular
intervention with the schedule.
The characteristics of the five subjects are summa-

rized in Table 1. All subjects were Japanese males
with severe haemophilia A. The severity of elbow
arthropathy was classified based on the Arnold’s clas-
sification with X-ray imaging into Stage 0 with no
bone change to Stage V exhibiting synovial tissue
destruction and marked limitation in joint motion
range [8], and the elbow joint range of motion was
assessed based on the method recommended by the
Japanese Orthopedic Association and the Japanese
Association of Rehabilitation Medicine [9].
The oral hygiene state improved with the PCR in

Case 1 [with severe elbow arthropathy (stage IV)]
from 69% to 40% after extending the toothbrush
handle to 100 mm (Table 1).
In Case 2 with moderate arthropathy (stage III),

extension of the handle to 100 mm worsened the PCR
from 17% to 19%. However, the oral hygiene state

improved with reduction in PCR to 15% after
reducing the handle length to 50 mm.
In Case 3 with severe elbow arthropathy (stage

V), the extended handle length of 100 mm was too
short and thus evaluation was made after further
extension to 150 mm. The use of that toothbrush
improved the oral hygiene state with reduction in
PCR from 71% (Fig. 1c) to 58%. Based on this
improvement, the handle was further extended to
200 mm. This resulted in even better improvement
in oral hygiene state with PCR reducing to 39%
(Fig. 1d). We were concerned about the operability
of longer handle toothbrush in this patient. How-
ever, the subject extended his head frontward when
using a commercially available toothbrush with a
short length handle. In comparison, the use of the
custom-made toothbrush with extended arm allowed
the subject to brush the teeth without forcibly
extending the head frontward and without feeling
any elbow pain.

Baseline: PCR 71% After the use of the custom-made 
toothbrush : PCR 39%

A angle: 10º Extended as appropriate

(a)

(c) (d)

(b)

Fig 1. (a) The commercially available tooth-

brush, which is 155-mm long, (GVK 3.07 soft;

K.O. Dental Corp.) (b) The custom-made tooth-

brush for haemophiliacs with severe elbow

arthropathy. The toothbrush head was bent

inward by 10°. The length of the handle can be

adjusted with heat-mouldable resin, (Thermo-Pel-

lets�; North Coast Medical Inc.), depending on

the elbow arthropathy (arrow). (c and d) Compar-

ison of oral hygiene status assessed by intraoral

photos and plaque control record (PCR) score in

Case 3 before and after the study. The dental pla-

que on the surface of the cervical tooth, medial

proximal surface, distal proximal surface, lip and

cheek side, and the palatoglossal side, was identi-

fied with rose bengal staining on the day of the

measurement for quantitative assessment of the

plaque adhesion area after dying (filled area). (c)

Oral hygiene state at baseline. (d) Oral hygiene

state after the use of the custom-made toothbrush

with the long handle.

Table 1. Clinical findings of the present study.

Case ID 1 2 3 4 5 Median (min–max, range)

Baseline characteristics

Age (years) 62 47 49 51 45

Severity of haemophilia Severe Severe Severe Severe Severe

Prophylaxis use of factor XIII (IU) 1000/day 1000/day 3 9 1000/week 2000/day On demand

Right arm elbow joint outer rotation

Flexion (°) 80 90 100 90 90

Extension (°) �45 �10 �45 �60 �60

Arnold classification (stage) IV III V V IV

Toothbrush handle length and results of PCR evaluation

PCR (%)

Baseline 69 17 71 45 51 51 (17–71, 54)
After use of custom-made toothbrush 40 15 39 24 38 38 (15–40, 25)

Toothbrush handle length (mm) 100 50 200 100 100

PCR, plaque control record.
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In Case 4 with severe arthropathy (stage V), the
PCR improved after lengthening the toothbrush han-
dle to 100 mm from 45% to 24%.
The oral hygiene state also improved in Case 5 with

severe arthropathy (stage IV) after using 100-mm handle
toothbrush, with PCR decreasing from 51% to 38%.
The toothbrush handle was extended by 50–

200 mm (median: 100 mm) depending on the severity
of elbow arthropathy. The use of the custom-made
toothbrush reduced pain during toothbrushing in all
subjects. Oral hygiene also improved in all patients
(PCR score) from 17–71% (median: 51%) at baseline
to 15–40% (median: 38%) after the use. None of the
subjects developed any adverse events from the use of
the custom-made toothbrushes.
This study was designed in response to requests

from haemophiliacs with moderate to severe elbow
arthropathy.
First, it was confirmed that the toothbrush used by

Case 1 was too short by about 100 mm to reach the
molar region upon elbow flexion without causing joint
pain. The elbow flexion range in Case 1 was 80°
(Table 1), which was significantly less than the elbow
reflexion of the elbow joint during tooth brushing
movements of 101–139° reported by Kono and Inada
[10]. Given the smaller flexion range and the longer dis-
tance between the toothbrush and mouth, it was consid-
ered that extension of the handle could fill the gap. At
the start of the study, we assumed that extending the
toothbrush handle by 100 mm for all subjects would
reduce the burden on the elbow and that its use would
improve oral hygiene. The use of the prototype tooth-
brush with 100-mm handle extension constructed with
heat-mouldable resin reduced the PCR in Case 1,
although it increased the PCR in Case 2. The latter find-
ing forced us to repeatedly evaluate through clinical
intervention studies the most appropriate toothbrush
handle length for the individual patient. Consequently,

the most common extension length varied from 50 to
200 mm, with a range 150 mm.
The above findings indicate that adjustment of the

length of the toothbrush handle can improve oral
hygiene of patients with elbow joint movement disor-
ders. All five patients who participated in the study
with limited flexion (maximum 80–100°) were able to
clean the mouth without elbow pain and showed PCR
improvement following the use of the custom-made
toothbrush. However, simply extending the handle
uniformly did not always improve the intraoral index.
That the optimum handle extension length varied
from 50 to 200 mm indicates that oral hygiene will
not improve without adjusting the length to the opti-
mum. It was an interesting finding that the optimum
handle length varied among individuals depending on
the severe elbow arthropathy.
In conclusion, a custom-made long-handle tooth-

brush was effective and safe for use by haemophiliac
patients with severe elbow arthropathy to maintain
oral hygiene.
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