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Abstract

Introduction. Restoring hand function is an important determinant of the quality of life in victims of burns. The purpose of the
study was to determine the changes in the functional outcome when applying a flexion static progressive splint on the metacarpophalangeal joints of the contracted fingers after a burn injury.
Methods. This study included 60 patients referred to the hand therapy clinic 6 months after the injury. They presented with a burn
on the dorsal portion of the hand with limited flexion range of motion in the metacarpophalangeal joints. The participants were
randomly assigned to 2 groups (30 patients each). Group A (splint group) were treated with custom-made static progressive
flexion splints. Additionally, they received physical therapy and medical treatment throughout the study period (8 weeks).
Group B (control group) received physical therapy and medical treatment only. The burned hand was evaluated before and after
treatment by measuring the metacarpophalangeal passive range of motion, determining grip strength, and employing the JebsenTaylor hand function test to assess the overall hand function.
Results. A statistically significant increase in all variables occurred in both groups after the intervention, with a higher increase
in group A. In groups A and B, the p-values of passive range of motion were 0.001 and 0.784, of grip strength 0.023 and 0.608, and
of Jebsen-Taylor hand function test 0.048 and 0.411, respectively.
Conclusions. Static progressive splint coupled with physical therapy can optimally improve hand function in patients with
restricted metacarpophalangeal flexion passive range of motion after burn injuries.
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Introduction
Although all body parts remain subjected to burn injury,
hands are most commonly affected [1, 2]. According to the
latest studies, hands are involved in 80% of burn injuries
owing to their anatomical position in the body [1]. The hand
is among the most frequent sites of scar contracture deformity after burns [3–8]. Deformities occur when appropriate
treatment is not provided in acute situations or when the
hand is severely injured [8, 9].
Loss of passive range of motion (PROM) in the metacarpophalangeal (MCP) joints after burns is primarily due to scar
formation and the subsequent adaptive soft tissue shortening [10]. At the level of cells, the disruption of collagen synthesis and formation of periarticular collagen cross-bonds
resulting from immobility and lack of physical stress contribute to joint stiffness [11, 12]. Also, the development of dorsal
MCP joint contracture is common because of the tendency
of the collateral ligament and joint capsule to contract [13].
This puts the hand in a functionally negative position of wrist
extension, MCP joint extension, proximal inter-phalangeal
joint flexion, and adduction of the thumb, leading to severe
hand function loss [14].
The primary treatment approach to contracture deformity
is to counteract the muscle shortening and prevent further
damage by corrective splints in an anti-deformity position
[15]. Mobilizing splinting is commonly applied by hand therapists to improve movement in the stiff joints [8, 16]. Splinting provides a function of holding the stiff joint at the end of

the available range of motion (ROM) under constant light tension for prolonged periods [17].
Both dynamic and static progressive splints (SPSs) are
considered to be mobilizing splints [18]. However, many clinicians believe that SPS is more beneficial than a dynamic
splint to improve ROM in stiff joints [10, 18].
The potential benefits of SPS application are obtained
through using non-elastic components (e.g., hook and loop
tapes, non-elastic strings, progressive hinges, turnbuckles,
pins, and gears) to apply torque to a joint in order to constantly put it to the end range as tolerable and thus increase
PROM. SPS is simple to use and allows progressive adjustment in joint angles whenever PROM improves, without
modification in the structure of the splint [10].
The need for this study was developed from the shortage of quantitative knowledge and information in the published studies about the effect of SPS on hand burn contractures to gain more PROM in the fingers. Thus, the study was
conducted to determine the therapeutic effect of applying
SPS to improve hand function in post-burn contracture of
fingers.

Subjects and methods
Study design and subjects
This randomized controlled trial was conducted in a hand
therapy centre located in Cairo, from June 2019 to November 2020. Overall, 60 patients who had burns on the dorsal
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portion of the hand with a limited flexion range in the MCP
joints participated in this study. The patients had completed
their initial acute treatment and were referred to the hand
therapy clinic for rehabilitation. Only individuals who had contractures within 6–12 months after the injury were involved in
the study. The patients, from both sexes, were aged 20–40
years. All had grade I or II restriction in PROM in accordance
with McCauley’s classification of hand burn scar contracture.
Patients with 4th degree burns, musculoskeletal diseases in
the injured hand (e.g., fractures, rheumatoid arthritis, or degenerative joint disease), or an accompanying finger tendon
cut or repair were excluded from the study. The subjects
who met the inclusion criteria were randomly divided into 2
equal groups: the splint group (A) and the control group (B).
All patients were informed about the materials, objectives,
and execution of the study.

Procedures

Figure 1. The components of the custom-made static progressive
splint: (a) thermoplastic volar splint, (b) outrigger, (c) finger cuff,
(d) Velcro loop, (e) Velcro hook, (f) fishing line, (g) Velcro strap

Measurements
The MCP joint (2nd through 5th finger) PROM was measured by using a Jamar Flexion Hyperextension Finger Goniometer (professional-grade manual finger ROM tool for
accurate angle measuring) marked with 30° of hyperextension to 120° of flexion in 1° increments. The following dorsal
bony landmarks were assigned to evaluate the MCP joint:
fulcrum – over the MCP joint; long arm – over the midline of
the proximal phalanx; short arm – over the midline of the
metacarpal.
Grip strength was quantified with a grip dynamometer.
Each patient squeezed the grip handle maximally for 2–3 seconds. The highest force among 3 trials (with a timed rest break
of 30 s between them) was chosen for analysis.
The participants’ overall hand function was evaluated
with the Jebsen-Taylor hand function test (JHFT). It is a standardized test for assessing 7 subtests that simulate activities of daily living [19]. The 7 subtests of JHFT, in the order
they were administered, included writing, turning over 3 × 5"
index cards (simulated page-turning), picking up small common items, simulated feeding, stacking card games, grasping large light items, and grasping large heavy items. These
subtests provide a general representation of daily living tasks.
The total score was the sum of time taken for each subtest,
rounded to the nearest second. Shorter times indicate better
performance.
All the variables were tested for each group twice, before
and after the applied program (8 weeks), for all the participants in the study.

Intervention
Group A (SPS + physical therapy program). A total of 30
patients received customized static progressive flexion splints.
The splint was made of thermoplastic material and contoured
to the volar aspect of the patient’s hand and forearm. It extended from the proximal palmar crease to the middle of the
forearm, putting the wrist joint in 30° extension. A perforated
outrigger, made of the same material, was melted to the palmar part of the splint. Four leather finger cuffs contoured to
each finger proximal phalanx were connected to the respective four 0.7-mm fishing line pieces passing through the
corresponding holes in the outrigger. Each fishing line was
tied with a piece of Velcro loop to be attached to the Velcro
hook pieces that extended from the middle to the proximal

Figure 2. Fitting of the static progressive splint

part of the splint. The splint was secured to the forearm and
hand by Velcro straps extended dorsally. Figure 1 shows the
components of the SPS used in this study.
The splint was fitted securely, and the fingers were pulled
proximally via the fishing line to be held in the most proximal
tolerable position by using the Velcro hooks and loops (Figure 2). The patients were asked to increase the pull of each
finger afterward as much as they could tolerate. The splint
was worn intermittently, in accordance with a schedule.
Each participant also received a physical therapy program
(stretching exercises and strengthening exercises) and medical treatment, which consisted in rubbing pure polysiloxane
silicone gel as a management of hypertrophic scars and
keloid, twice daily, throughout the 8 weeks of the study. The
splint was applied for 30 minutes per treatment session,
3 times a week. Additionally, as a daily home program, the
patients were instructed to put on the splint 2–5 times per day.
Under the therapist’s guidance, the subjects could increase
the MCP joint flexion torque to a tolerable pain level by proximally pulling the fishing line when the splint was placed on.
Group B (control group). This group included 30 handburned patients who received their physical therapy program
and medical treatment throughout the study period (8 weeks).
Physical therapy program for both groups. (a) Stretching
exercises for each MCP joint, 2nd through 5th finger, were
applied individually to tolerable flexion and held for 20 seconds. This exercise was performed multiple times during each
session by the therapist for 15 minutes. (b) Strengthening
exercises involved a handgrip exerciser, in the form of light
to medium resistance Digiflex® hand exerciser tool, depending on the patients’ ability to squeeze and hold it for 10 sec-
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onds, 20 repetitions during a session, and 20 repetitions every
hour daily at home.

Table 2. Inter- and intra-group comparison of different variables
in the 2 studied groups measured before and after treatment

Statistical analysis

Variables

The SPSS v. 19.0 software (IBM Inc., USA) was used.
Comparison between data in the 2 groups was performed
with the Mann-Whitney test, and the Wilcoxon signed-rank
test was applied to assess within-group changes in ROM and
grip strength variables.
The paired t-test served to evaluate changes in JHFT
scores within each group, and a comparison between data
in the 2 groups was performed with the unpaired t-test. The
value of p < 0.05 indicated significant results.

MCP flexion PROM (°)

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the Ethical Committee at the Faculty of
Physical Therapy, Cairo University, Egypt (approval No.:
P.T.REC/012/002229).

Informed consent

Informed consent has been obtained from all individuals
included in this study.

Results
As can be observed in Table 1, there were no significant
differences between the groups in the mean age values, gender distribution, or duration of burn injury before the intervention commencement (age: p = 0.156; gender: p = 0.592;
duration of injury: p = 0.841).

Gender (F:M) [n (%)]

12:18
(40%:60%)

Duration of illness
(months) [mean ± SD]

8.80 ± 1.79

Control group
(n = 30)

p

29.93 ± 6.06

0.156

10:20
0.592
(33.3%:66.7%)
8.70 ± 2.04

15.0 (0.0–55.0)

17.5 (0.0–70.0)

0.784

Post-treatment

40.0 (9.0–73.0)

30.0 (0.0–80.0) 0.001†

p (pre vs. post within
the same group)

0.0001

0.0001

Pre-treatment

5.0 (0.0–15.0)

5.0 (0.0–15.0)

0.608

Post-treatment

11.5 (2.0–20.0)

8.0 (0.0–19.0)

0.023†

0.001

0.001

Grip strength (kg)

p (pre vs. post within
the same group)
JHFT (s)
Pre-treatment

144.63 ± 36.87

152.70 ± 38.56 0.001†

Post-treatment

122.83 ± 36.10

142.77 ± 40.15 0.048†

p (pre vs. post within
the same group)

0.0001

0.001

Data are expressed as median (min–max) or mean ± SD.
SPS – static progressive splint, MCP – metacarpophalangeal
joint, PROM – passive range of motion, JHFT – Jebsen-Taylor
hand function test
p > 0.05 – not significant, p 0.05 – significant
* between-group comparison, † significant value
40

40

pre

The intra-group comparison between the 2 studied groups
revealed that there were significant post-treatment increases
in passive flexion ROM, grip strength, and JHFT scores in
both groups when compared with the corresponding pretreatment values (ROM: p = 0.0001 in both groups; grip
strength: p = 0.001 in both groups; JHFT: p = 0.0001 in the
splint group and p = 0.001 in the control group). However, the
inter-group comparison demonstrated a statistically significant difference in all measured post-treatment variables in
favour of the splint group (ROM: p = 0.001; grip strength:
p = 0.023; JHFT: p = 0.048) (Table 2, Figures 3–5).

Discussion
The study aimed to determine the therapeutic effect of applying SPS to improve hand function in patients with postburn contractures. The splint group participants received
customized static progressive flexion splints, physical ther-
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SPS – static progressive splint, F – female, M – male
p > 0.05 – not significant
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Figure 3. Pre- and post-treatment median values of metacarpophalangeal flexion passive range of motion (ROM) in both groups
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Table 1. Demographic data of the 2 studied groups
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Figure 4. Pre- and post-treatment median values of grip strength
in both groups
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Figure 5. Pre- and post-treatment mean scores of Jebsen-Taylor
hand function test in both groups

apy, and medical treatment throughout the study period
(8 weeks).
Individuals after a dorsal hand burn exhibit MCP joints
in extension and proximal inter-phalangeal joints in flexion,
which is not the functional position of the hand. The concept
of SPS function is to put the shortened tissues at a maximally prolonged low-load stress in order to enhance tissue
lengthening [17]. The customized SPS used in this study
keeps the wrist extended at 30°. The fishing line attached to
the finger cuff applies progressive flexion torque to increase
PROM of the MCP joints. Also, the fixed outrigger added to
the palmar side of the splint enhances the efficiency of the
pulling force on the proximal phalanx.
The progressive pulling force provided by SPS was based
on the patient’s tolerance, with the least pain level. Also, SPS
wearing duration was gradually increased. This ensured the
patient’s compliance with the splint.
The results of this study revealed that PROM increased
statistically significantly in both groups after treatment, with
a more significant raise in the splint group than in the control
group. The percentage of PROM improvement in group A
was 52.6%, while that in group B was 38.7%.
Such improvement in PROM can be explained with the
biological principle of connective tissue remodelling that occurs over time in response to physical stress [20]. ROM increases by stretching the joint capsule and elongating the
adaptively shortened musculotendinous unit. Thus, the effectiveness of SPS application to reduce post-burn contractures
consists in the function of the applied torque, as well as the
duration and frequency of the splint usage.
Another benefit of applying low-intensity, long-duration
stretch, which was offered by SPS in this study, is the optimal
ROM improvement without causing excessive load or further injury [21]. Additionally, the low-load prolonged stretch
provided by mobilizing splints stimulates collagen reorganization, leading to PROM increase [14, 17, 18]. It therefore
results in a relatively permanent lengthening of soft tissues,
potentially owing to plastic deformation.
The findings of this study are in line with those of previous studies that examined the effects of SPS of different
designs on restricted ROM after various hand injuries, such
as crushed injuries and fractures [22, 23].
Regarding the grip strength, the presented results showed
a significant post-treatment increase in its median values in
both groups compared with the corresponding pre-treatment
values (p = 0.001). However, the comparison between the
2 groups demonstrated a significant post-treatment difference in favour of the splint group (p = 0.023).

One potential reason for this finding, which was significantly noticed in patients who received strengthening exercise coupled with SPS, may lie in the capability of the finger
flexors to contract through an increased active range after
gaining increased PROM of MCP joints.
On the other hand, patients in the control group exhibited
a smaller improvement in grip strength. That might be due to
a lower progress in PROM. Thereby, the finger flexors contract partially through the limited available range.
A previous study was conducted by Wang et al. [22] to
evaluate the benefits of applying custom-made SPS for stiff
joint ROM after hand trauma. Their results revealed that the
progress in active ROM was smaller than that in PROM. The
authors attributed such outcomes to the active inhibition
created by the capsular tightness and soft tissue contractures, and to the muscle weakness. They recommended adding strengthening exercises to the splinting approach.
JHFT was utilized to evaluate the functional outcomes before and after the intervention. The results of the current study
showed a significant improvement in hand function among
patients in both groups in terms of a reduction in time required
to achieve specific tasks simulating daily living activities.
Patients who received SPS associated with stretching and
strengthening exercises presented a post-intervention change
in their hand function by 15.07%. Those in the control group,
who received only the stretching and strengthening exercise
program, demonstrated a change in the hand function by
6.5%. These results were positively correlated with the improvement in ROM and grip strength noticed in both groups.
This opinion is supported by Culicchia et al. [24], who stated
that ‘there is a strong correlation between the hand function
and its strength. A low gripping force contributes to a decreased functional capability’.
However, the statistical comparison between the groups
after the intervention showed a significant difference in favour of the splint group (p = 0.048).
Most patients involved in this study could not complete
all task items of JHFT, especially those with a larger burn surface area extended to the elbow and shoulder. Therefore, the
test was conducted on the subtest level in order to compare
the pre and post outcomes. However, on a clinical basis, during the intervention course and as the improvement progressed, it was noticed that patients started to regain some
functional capabilities which were not evaluated initially (before treatment). Also, it was observed that each patient in the
study had adopted their own strategy in order to maximize
the hand function and achieve independence in activities of
daily living.

Limitations
This study was limited by a relatively small sample size.

Conclusions
SPS, when applied together with a regular physiotherapy
regimen, can improve hand function in patients suffering from
post-burn hand contractures via increasing PROM of finger
MCP joints.

Recommendations
– SPS application should be incorporated in the rehabilitation protocols for hand burn.
– Further studies might increase the number of participants and involve different age groups to enhance generalizability.
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– Future research should investigate the effect of SPS
application in patients with contractures and joint restrictions
lasting for more than 1 year after burn injury.
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