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ABSTRACT

Objectives: To evaluate the role of early rehabilitation of surgically repaired flexor hand tendons in
improvement of clinical outcome and the role of musculoskeletal ultrasound in follow up of their
healing.

Patients and methods: Thirty patients with 31 repaired flexor tendons. Assessment was done
after 2", 4™ 8™ and 12" weeks of rehabilitation by visual analogue scale (VAS), total active motion
of injured fingers (TAM), grip strength, hand assessment tool (HAT) score and ultrasound (US).
Results: There was a significant development in pain assessed by VAS, TAM, grip strength and
HAT score of the affected hand (p<0.001). Ultrasonographic assessment of healing flexor tendons
showed significant improvement in defect size, thickness, vascularity, echogenicity and
margination. There was positive correlation between margination of healing flexor tendon with
VAS, hand grip and HAT score.
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to clinical result.

Conclusions: Application of proper rehabilitation programs has a great impact on improving the
functional outcome after surgical repair of flexor hand tendons. High-frequency ultrasound is used
to follow up tendon healing after surgical repair and to assess the state of tendon repair in relation

Keywords: Musculoskeletal ultrasound; hand assessment tool; rehabilitation of repaired flexor hand

tendons.
1. INTRODUCTION

The hand is a very complicated organ with
several joints, numerous ligaments, tendons, and
nerves of different types. The hand, together with
the brain, is the most interesting and complicated
human organ we possess. No other species on
the planet possesses hands capable of grasping,
holding, moving, and manipulating items in the
way that human hands do. Any damage to the
hand's supporting structures bears the risk of
severe disability [1].

Injuries to the hands account for 20% of all
injuries treated. Road traffic accidents, physical
trauma (e.g., crush damage, contusions), and
assault are the most common causes of open
hand injury [2]. Tendon damage is the second
most common injury found in the hand. If they
not repaired, this can cause severe functional
damage [3].

Early application of well selected rehabilitation
programme after surgical repair of flexor hand
tendons improves the gliding function of the
healing tendons, helps to strengthen tensile
strength, improve the range of motion of the
damaged tendon, and stimulate morphological
repair. This improves functional outcome and
decrease the time needed by the patient to return
to work [4].

Evaluation of tendon recovery condition in
relation to clinical outcomes necessitates regular
follow-up. It is possible to observe real-time
tendon repair in the human hand using
musculoskeletal ultrasound, a non-invasive
imaging method [5].

2. PATIENTS AND METHODS

This study was performed on 30 patients with 31
repaired flexor hand tendons two weeks after
process. They were collected from the out-
patient clinic of the Physical Medicine,
Rheumatology and Rehabilitation Department,
Tanta University Hospitals. We exclude patients
with  collagen disease, congenital hand
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deformities, bone fractures, nerve injuries,
fingertip injuries, burn injuries, or thumb tendon
repair from the study.

The research was done in line with the ethical
principles of the Declaration of Helsinki. Patients
underwent a modified Duran protocol of
rehabilitation. A custom fabricated dorsal
protective splint was used to put wrist in 20°
flexion, metacarpophalangeal (MCPs) in 40°-50°
flexion, and proximal interphalangeal joint (PIPs)
in neutral position [6]. All patients received
pulsed electro-magnetic field therapy (PEMF) for
one hour, 3 times/week over the site of injury.
The treatment started 1-2 days after repair and
continued for 4 weeks [7]. Some physical
modalities such as paraffin wax bath and
ultrasound therapy were added to prevent
complications like joint stiffness and adhesive
scars [8]. A full history was taken from all
patients. At the second, fourth, eighth, and
twelfth weeks of recovery, a visual analogue
scale (VAS) was used to evaluate pain. The
scale was represented at 10 cm line. Its means
the extreme pain from zero to maximum pain at
10, each patient was asked to make point on this
scale representing his /her degree of pain
intensity [9].Total active motion (TAM) of the
injured fingers was evaluated by goniometer at
the 8th and 12th weeks according to Strickland's
Classification using the following equation:

(PIP_+ DIP) flexion — (PIP + DIP) extension deficit x
100 = % of normal active PIP+DIP motion [10]. 175

Grip strength of the affected hands was evaluated at
the 8th and 12th weeks using a modified
sphygmomanometer technique. Percentage
decrease of hand grip compared to the normal hand
was calculated [11]. Hand Assessment Tool (HAT)
score was evaluated at the 8th, 12th weeks. Seven
factors were evaluated by fourteen questions firm
grip, good hand skills, pain, extension, neurotic
indications, gross grip, and aesthetics. Each
guestion answered was scored and a total score was
obtained using the equation [(sum of n responses)/n)
- 1] x 25, n is the number of items [12].
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The Tanta University Educational Hospital's
Physical Medicine, Rheumatology, and
Rehabilitation Department's ultrasound unit used
SAMSUNG MEDISON (UGEOHG60) linear array
transducers with frequencies at the range of 9-
13 Hz to evaluate all patients at the 4th, 8th, and
12th weeks.

Technique: The patients were seated facing the
examiner. The transducer was placed directly on
the patient’s skin with gelBy scanning in both
transverse and longitudinal directions, the
location of the tendon repair was established.
The transducer was kept perpendicular to the
tendon in order to prevent the effect of
anisotropy. Bony landmarks were used to locate
the corresponding position on the contralateral
uninjured digit.

Ultrasound measurement definitions [13]:
Defect size: its definition was the distance (mm)
between the discernible limits of the hypo-echoic
area of healing tendon and the adjacent normo-
echoic tendon.

Tendon thickness: Linear measurement (mm)
was conducted in the transverse plane at
midpoint of tendon restoration on the injured digit
and also at corresponding site on the uninjured
hand.

Vascularity: it was measured using the Power
Doppler (PD) mode in the transverse plane. The
PD signals were scored as follows: grade 0 = no
detectable PD signal, grade 1 = mild vascularity
<30% of transverse area, grade 2 = moderate
vascularity <60%, grade 3 = severe vascularity
>60%.

Echogenicity: it was evaluated according to the
following scale: grade 0 = normal tendon, grade
1 = reduced reflectivity up to 25%, grade 2 =
reduced reflectivity 25% 50%, grade 3 = reduced
reflectivity 50%-75%, grade 4 reduced
reflectivity 75%—-100% of the transverse area.

Margination: tissue margins was defined as
scored according to the following scale: grade 1
= margins well defined, grade 2 = slightly less
definition between borders, grade 3 = margins
irregular, grade 4 =borders blend.

2.1 Statistical Analysis
Data were given to the computer and examined

using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp) Qualitative data was
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described using number and percent.
Comparisons between different periods of follow
up were accomplished using ANOVA test and
Wilcoxon signed ranks test. Pearson and
Spearman coefficient were used to associate
between quantitative variables. Statistical
significance was defined as a P value of <0.05.

3. RESULTS

In our study, 21 participants were males (70%)
and 9 participants were females (30%). The
patients’ age ranged from 16-48 years.19
patients (63.3%) had right side injury and 11
patients (36.6%) had left side injury. The little
finger was the most injured finger (36.6%).

There was significant development in pain
evaluated by VAS after the 4th, 8th and 12th
weeks of the rehabilitation program in
comparison with the 2nd week, and after the 8th
and 12th weeks in comparison with the 4th week
(p<0.001).

There was a significant development in TAM of
injured fingers, grip strength, and HAT score of
the affected hand after the 12th week of the
rehabilitation program in comparison with the 8th
week (p<0.001).

Ultrasonographic assessment: There was a
significant decrease in defect size after the 8th
and 12th weeks of the rehabilitation
program when compared with the 4th week, and
after the 12th week when compared with the 8th
week.

There was a significant reduction in thickness
after the 8th and 12th weeks of the rehabilitation
program when compared with the 4th week, and
after the 12th week when compared with the 8th
week. Also, there was a significant increase in
thickness of healing tendons after the 4th, 8th
and 12th weeks of the recovery process in
comparison to the normal hand.

There was a significant reduction in vascularity
after the 8th and 12th weeks of the rehabilitation
program when compared with the 4th week.
There was significant  improvement in
echogenicity after the 8th and 12th weeks of the
recovery process in comparison with the 4th
week, and after the 12th week when compared
with the 8th week.

There was significant  improvement in
margination after the 8th and 12th weeks of the
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rehabilitation program when compared with the
4th week.

There was a positive correlation between
margination of the healing tendon assessed by
ultrasound and VAS. In addition, there was a
positive correlation between margination of the
healing flexor tendon assessed by ultrasound
with hand grip and HAT score.

Table 1. Distribution of the studied cases
according to demographic
data, side of injury and injured

finger

No. %
Gender (n=30)
Male 21 70
Female 9 30
Occupation (n=30)
Student 6 20
Manual worker 14 46.6
Housewife 10 33.3
Side of injury  (n=30)
Right 19 63.3
Left 11 36.6
Injured finger  (n=31)
Little 11 36.6
Ring 8 25.8
Middle 7 22.5
Index 5 16.1

3. DISCUSSION

The hand is involved in almost every physical
activity and hence exposed to injury from a
number of different etiologies including

RTRIN FLEX

mechanical trauma, accidents and burn injuries.
The term "hand trauma" refers to any closed or
open injury to the wrist and /or the hand,
including skin, muscle, tendon, bone and joint,
nerve and J/or vessels. Some of the most
common injuries to the body are those to the
hands. There are between 6.6 percent and 28.6
percent of all injuries, and 28 percent of
musculoskeletal system-related injuries [14].

In order to speed up tendon recovery, strengthen
the tissue, and prevent adhesions from forming,
early physical therapy and splinting are essential
[15].

Ultrasound (a non-invasive and easily accessible
imaging modality) is used to monitor tendon
recovery [16].

This study involved 30 participants after surgical
restoration of flexor hand tendons. As regard
clinical manifestations, pain was assessed by
VAS.Our study showed that there was significant
development in pain evaluated by VAS after the
4th,8th and 12th weeks of the rehabilitation
program when compared with the 2nd week, and
after the 8th and 12th weeks when compared
with the 4th week. This is explained by applying
early motion protocols that decrease the
possibility of stiffness and adhesions and by
using pulsed electro-magnetic field therapy
(PEMF) which helped to resolve oedema and
enhance tendon repair, thus decreasing
postoperative pain. Also, some physical
modalities were added, such as a paraffin wax
bath and ultrasound therapy, which helped to
decrease pain, joint stiffness, and adhesive
scars.

Image 1. Thickness of cut FDP in right ring finger after 4™ and 12" weeks of surgical repair
respectively
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Table 2. Correlation between visual analogue scale (VAS), total active motion (TAM), Hand grip, hand assessment tool (HAT) score with ultrasound

(US) findings

Change in US findings

Change in VAS

Change in TAM

Change in Hand grip

Change in HAT score

(4 to 12 weeks) (8to 12 w) (8to 12 w) (8to 12 w)

Is p r p r p I's p
Decrease in defect size 0.236 0.368 0.456 0.096 0.106 0.706 0.453 0.371
Decrease in thickness in mm -0.372 0.348 -0.023 0.565 0.062 0.825 0.067 0.792
Change in vascularity 0.267 0.326 -0.467 0.089 0.100 0.722 -0.126 0.564
Decrease in echogenicity 0.162 0.268 0.367 0.187 0.296 0.285 -0.078 0.778
Decrease in margination 0.710 0.019° 0.192 0.569 0.593* 0.046* 0.826* <0.001"

rs: Spearman coefficient r: Pearson coefficient

*: Statistically significant at p < 0.05
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After 8 weeks After 12 weeks

TAM

Hand grip

Fig. 1. Assessment of total active motion (TAM)and grip strength of the affected hand (%of
normal side) after 8th and 12thweeks of rehabilitation program

After 4 weeks After 8 weeks

™ Echogenicity

After 12 weeks

™ Margination

Fig. 2. Assessment of echogenicity and margination of healing flexor tendon by ultrasound
after 4th, 8th and 12th weeks of rehabilitation program

We found that total active motion (TAM) of the
injured finger enhanced after the 12th week
when compared with the 8th week. This is in
agreement with the results of Rrecaj et al. [17]
who used Strickland classification to assess the
range of motion of injured flexor tendons after
using a Duran rehabilitation protocol. They found
that there was improvement of range of motion
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of the wounded flexor tendons after the 12th
week of the rehabilitation program in comparison
to the 8th week. This is explained by an
improvement in pain assessed by VAS and the
application of more advanced exercises
in the rehabilitation protocol which results in
improved total active motion of the injured
fingers.
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Grip strength of the affected hand significantly
improved after the 12th week when compared
with the 8th week. This is explained by
application of strengthening and resisted
exercises which lead to improved grip strength in
the affected hand.

Kitis et al. [18] reported that the mean grip
strength of the injured hand was 81% of that of
normal hand after 12 weeks in patients who
used a controlled passive movement
rehabilitation protocol for flexor tendons. Grip
strength was measured using a Jamar
dynamometer. Many studies that assessed grip
strength after 6 months or one year reported that
it improved for the first 6 months and then
reached a steady state at one year, as described
by Libberecht et al. [19].

On evaluating the functional result of the patients
using HAT score, our results showed that HAT
score significantly decreased after the 12th week
when compared with the 8th week. This can be
explained by the improved TAM of the injured
finger, grip strength of the affected hand, and
pain assessed by VAS which lead to
improvement of hand functions and thus a
decreased HAT score.

With regard to ultrasound assessment, our
results showed that defect size of the healing
tendon was significantly decreased after the 12th
week when compared with the 4th and 8th
weeks. This is explained by the natural healing
process that consists of 3 stages; inflammatory,
proliferative, and remodelling [20].

Thickness of the healing tendons was
significantly increased when compared with the
normal hand. This is in line with the findings of
Bidhler et al [13] who reported that surgically
repaired tendons were 94% to 369% thicker than
the uninjured contralateral ones at mid-repair
location. Furthermore, there was a significant
decrease in tendon thickness after the 12th
week when compared with the 4th and 8th
weeks. These results can be explained by the
healing process; in the proliferative stage there
is rapid proliferation of fibroblasts resulting in
synthesis of collagen, proteoglycans, and other
components of the extracellular matrix. High
cellularity and formation of vascular network in a
healing tendon make its thickness higher than
normal tendon thickness, then in the remodelling
stage which begins 6-8 weeks after injury there
is a decrease in cellularity and reduced matrix
synthesis and this decreases tendon thickness
[21]
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We found that vascularity of healing flexor
tendons was significantly decreased after the
12th week when compared with the 4th week.
This is can be explained by the natural healing
process because in proliferative stage, an
extensive blood vessel network is present. Then
the remodelling stage starts 6-8 weeks after
injury, during the latter half of this stage,
tenocyte metabolism and tendon vascularity
decline [22].

Echogenicity of the healing flexor tendon was
significantly improved after the 12th week when
compared with the 4th and 8th weeks. This is in
agreement with the results of Puippe et al [23]
who found that echogenicity changes during the
healing process toward more hyperechogenic
structures inside the suture site. They explained
their results by stages of tendon repair; in the
early inflammatory and proliferative stages,
tendons seemed predominantly hypoechogenic,
which can be explained by the high amount of
blood vessels and oedema, but in the
remodelling phase, the increase of organised
collagen fibres causes a higher echogenicity
within the tendon.

We found that margination of the healing flexor
tendon was significantly improved after the 12th
week when compared with the 4th week. This
can be explained by phases of tendon healing
similar to echogenicity. In the early inflammatory
and proliferative stages, tendons seemed
predominantly hypoechogenic with ill-defined
edges, which can be explained by the high
amount of blood vessels and oedema. While in
the remodelling phase, the increase of organised
collagen fibres lead to a higher echogenicity
within the tendon and also well-defined tendon
margins.

Regarding the correlation data, there was a
positive correlation between margination of the
healing flexor tendon assessed by ultrasound
with VAS, hand grip and HAT score. Our findings
can be explained by the well-defined tendon
margins that may indicate good healing process
which results in good clinical and functional
outcome.

4. CONCLUSION

Application of proper rehabilitation programs has
a great impact on improving the functional
outcome after surgical repair of flexor hand
tendons. High-frequency ultrasound is used to
follow up tendon healing after surgical repair and
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to evaluate tendon healing status in relation to
clinical outcome.
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