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ABBREVIATIONS
AP – abductor pollicis

MC – Latvia’s plastic,

BKUS – Children’s Clinical

reconstructive, and microsurgery

University Hospital in Riga, Latvia

center

CMC – carpometacarpal joint

MCP – metacarpophalangeal joint

D – days

MTP – metatarsophalangeal joint

3D – three-dimensional

MIN – minutes

DASH – disabilities of the arm,

N – norm

shoulder and hand

KW – Kirschner wire

DEX – right-side

OMT – Oberg, Manske, Tonkin

DIP – distal interphalangeal joint

classification

DMTA – dorsal metatarsal artery

OP – operation/operated

EDC – extensor digitorum comunis

PEDI – paediatric evaluation of

EDB – extensor digitorum brevis

disability inventory

EDL – extensor digitorum longus

PIP – proximal interphalangeal

ECRL – extensor carpi radialis

joint

longus

PMTA – plantar metatarsal artery

EIP – extensor indicis proprius

PL – palmaris longus

FDMA – first dorsal metacarpal

RAKUS – Riga Eastern Clinical

arterial graft

University Hospital

FDS – flexor digitorum

RHD – right hand dominant

superficialis

ROM – range of motion

FGF – fibroblast growth factor

RSU – Rīga Stradiņš University

IP – interphalangeal joint

RTG – X-ray

ICF – informed consent form

SHH – sonic hedgehog gene

LHD – left hand dominant

SIN – left-side

M – months

SEX – gender

TMC – trapezometacarpal joint

VAS – visual analog scale
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INTRODUCTION

Congenital hand anomalies have a relatively rare incidence. Stockholm’s
(Sweden) registry data base research states that the incidence is in about 21.5
children of 10,000 live births while Australia’s registry claims 19.5 children in
every 10,000, and Edinburg’s (United Kingdom) registry reports 22.5 in every
10,000 [19,23]. Thumb hypoplasia is a rare congenital deformity that constitutes
3.5 % of all upper limb congenital deformities. In Latvia, the incidence of thumb
congenital hypoplasia possibility is in 0.5–2 children per 10,000 newborns;
however, precise data on birth defect incidence are not available [29].
Blauth’s classification is used to characterise and differentiate the types
of thumb hypoplasia. Thumb deformities are divided into five gradations: I – all
the components of the digit are present, just small in size with a reduced
webspace, II – thenar musculature hypoplasia, unstable MCP with extrinsic
ligament pathology, III – severe II grade with possible structural deficiencies,
IIIa – stable CMC joint, IIIb – unstable CMC joint, IV – rudimentary phalanx
(floating thumb), V – total aplasia [37]. Surgical treatment is required for grade
II – V deformities. Until 2007 in Latvia, thumb hypoplasia reconstructive
operations included bone stabilisation methods such as arthrodesis and partial
pollicization, which ensured stability of the finger but resulted in a severe
reduction in finger functionality.
For the treatment of Grade II – IIIa thumb hypoplasia, it is recommended
to salvage the first finger by stabilising the MCP joint and reconstructing the
hypoplastic musculature. The basis for this surgical treatment is to extend the
first web space and stabilize the MCP joint [36]. The preferred method is the
third or fourth finger’s superficial flexor tendon (FDS) transposition and
transosseous fixation, which establishes stability but reduces grasp strength and
5

disarranges the fourth and fifth finger flexor system [37]. Smith et al. 2012.
published a report that recommends considering the use of the pollicization
method to treat Grade IIc, as stabilisation of the MCP joint is often unsuccessful.
In 2007, MC launched a new reconstruction method – application of the second
finger additional extensor tendon EIP transposition. Transposition of the EIP
tendon is the main preferred method for reconstruction of a thumb’s long
extensor EPL in adults.
Pollicization is recommended to create a new finger by using the hand’s
second finger and rotating it to the thumb’s location for grade IIIb-V thumb
hypoplasia reconstruction [24]. The operation is characterised by wellfunctioning results, but a four-fingered hand is created. An alternative method
can be to use the second toe transplantation technique; however, the method is
very complicated and does not provide stable functionality [35]. In 2010, this
second toe transplantation method was developed in the MC by using
metatarsophalangeal joint arthrodesis in the transplant. MTP joint arthrodesis
provides a stable and appropriate length of the metacarpal bone for the newly
constructed thumb. As the child grows, the CMC joint is developed, and
therefore, no additional ligament reconstruction is performed. The operation and
postoperative periods as well as preliminary functional results are evaluated and
allow justifying the effectiveness of this method and continuation of its
application. The functional results of hand reconstructive methods are evaluated
by the DASH, ROM and VAS international scales. DASH and/or PEDI scales are
tailored to assess hand functionality results for children of all ages at various
postoperative periods. These scales are adapted for interpretation in international
literature [15,21].
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The aim of this study was to evaluate the complex postoperative results
in children with congenital thumb hypoplasia for justification of new surgical
techniques.

1.

To retrospectively analyse operation and hospitalisation periods for patients
treated with the new hand reconstruction method, as well as to analyse the
complication statistics for the span 2007–2017.

2.

To determine effectiveness of the modified reconstructive method for thumb
hypoplasia grade II – IIIa by studying operation and hospitalisation periods,
as well as to examine evaluation of the complex postoperative functionality.

3.

To determine effectiveness of the new reconstructive method modification
for thumb hypoplasia grade IIIb-V by studying operation and hospitalisation
periods, as well as to examine evaluation of the complex postoperative
functionality.

4.

To compare postoperative functionality results of the new reconstructive
method of the second toe transplantation with the results of the classic
pollicization operation.

5.

To compare the complex functionality evaluation results of thumb
hypoplasia grade II – IIIa and IIIb-V with RSU’s Anatomy and
Anthropology Institute’s anthropology laboratory research on the hand grasp
strength indicators for children aged three to seven.

6.

To define practical recommendations, based on the obtained data, for the
implementation in paediatric hand surgery.
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In the reconstruction of congenital hypoplasia grade II – IIIa deformity,
the second finger’s extensor (EIP) tendon transposition ensures functionality
(function) of the thumb without reducing the grip (grasp strength) of the hand.
The second toe transplantation method with metatarsophalangeal (MTP)
joint arthrodesis in the thumb hypoplasia grade IIIb-V reconstruction is
surgically more complicated with a longer operative and hospitalisation duration,
but it provides better functionality and aesthetic appearance than the classical
pollicization method.

This research is based at the Hand and Plastic Surgery Department at
“Gaiļezers” of Riga Eastern Clinical University Hospital network, Latvia’s
Plastic, Reconstructive and Microsurgery Centre, and Children’s Clinical
University Hospital in Riga.

1.

The second toe transplantation method with MTP joint arthrodesis is a new
method which opens patients with thumb hypoplasia grade IIIb-V to the
possibility of maintaining a five-fingered functional hand that is not
functionally different from the results of the classic pollicization method.
When evaluating the acquired postoperative results, it is recommended to
change the surgical treatment principles for hypoplasia by using this second
toe transplantation method with MTP joint arthrodesis for grade IIIb-V
hypoplasia patients as an alternative, which retains a five-fingered hand.

2.

The transosseous EIP tendon transposition method has been developed for
surgical treatment of congenital thumb hypoplasia grade II – IIIa as the
subperiosteally fixation ensures stability and functionality of the thumb.
8

Developed practical recommendations for the surgical treatment of
congenital thumb hypoplasia include:
1.

use of the EIP tendon transposition with subperiosteally fixation method for
grade II and IIIa;

2.

use of the second toe transplantation with MTP joint arthrodesis method for
grade IIIb-V.

This Doctoral Dissertation is written in Latvian, summary is translated in
English, and it consists of 10 chapters (sections). The study work has a total of
131 pages, which include seven drawings, 12 diagrams, 34 photographs, 24
tables and 24 attachments (appendices/supplements). Literature review includes
107 references.

This thesis has resulted in four publications in peer-reviewed scientific
journals. The publication list is added to the appendices/bibliography.

1.

LV15420 (A)

-

Artificial Model Of Silicone And Polyurethane For

Evaluation Of Thumb Joint Movement Activity
2.

LV15388 (A)

-

Method Of External Determination Of Dynamic Of

Effectiveness Of Function Of Metacarpophalangeal Joint In Children With
Contraction Of Flexor Muscle After Extended Reconstruction Of Thumb
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Mediacl tehnology – the Second Toe-To-Hand Transplantation with MTP
Joint Arthrodesis Method for Full Length Thumb Reconstruction for Congenital
Hand Hypoplasia IIIb-V Treatment has been submited for approval in the
National Health Service of the Republic of Latvia on 22.10.2018.
Mediacl tehnology – the Fourth Toe-To-Hand Transplantation for
pediatric patients has been submitted for approval in the State Agency of
Medicines of Latvia on 19.10.2019.

Congenital Thumb Hypoplasia treatment guidelines was submitted for
approval in the the Centre for Disease Prevention and Control of Latvia on
06.09.2019. (see attachment 24)
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1.

NEW SURGICAL METHOD

The method was developed in MC in 2007 to reconstruct patients with
congenital thumb hypoplasia Grade II – IIIa. It is based on EIP transposition and
subperiostal fixation to stabilise MTP joint and IP joint simultaneously
reconstructing adduction and extension for the thumb (see figure 1.1.).

Figure 1.1. EIP transfer with subperiosteally fixation
1a Grade II hypoplasia patient with instability of MCP joint; 1b–1c EIP tendon
transfer through three incisions; 2a–2b subperiosteally fixation of transferred tendon and
stabilisation test; 2c – final fixation with k-wires

Method was developed in 2010 and described by Ozols et al. 2019. The
second toe-to-hand transplantation with MTP joint arthrodesis (see Figures 1.2.;
1.3.and 1.4.)
1.2.1.

Preoperative preparation and anaesthaesia
Operation field preparation for the second toe transplantation with the

MTP joint arthrodesis was in adherence of sterilisation protocols. In addition to
general anaesthesia, two peripheral nerve blockades were implemented: at the
11

ankle joint – n.tibialis, n.suralis, n.peroneus superficialis et profundus, and at the
wrist joint – n.medianus, n.radialis, n.ulnaris et ramus dorsalis n.ulnaris.
Prolonged anaesthetics such as 0.25 % Levobupivacaini hydrohloridum
(Chirocaine®) or 0.25 % Ropivacaine hydrochloride (Naropin®) were used for
these local nerve blockades. Local peripheral anaesthesia reduces postoperative
pain as well as necessity for narcotics and myorelaxants during operation.
1.2.2.

Hand phase

Arterial tourniquet is to be applied before the thumb’s structure dissection.
Liberate the digital nerves, flexor and extensor tendons, and if a patient does not
have developed flexor and extensor tendons, then the PL and EIP tendons are to
be used. Additionally, the second finger’s intrinsic musculature is to be dissected
as it will be utilised in providing abduction. For patients with congenital
deformities, the hand’s anatomy is peculiar and its variability can be incredible;
therefore, it is challenging to forecast development and location of structures
resulting in difficult reconstruction planning as each transplanted digit requires
circulation, venous return, innervation and movement mechanisms.
All stages of embryogenesis are important for extremity development;
however, the basic principles must be recognised that development of tendons
and nerves requires bony structures, yet that does not indicate that if there is
digital or hand aplasia, then there will not be musculature [10,22]. Nevertheless,
it seems that these aplastic hands display functioning muscles as the flexor and
extensor musculature are frequently connected and thus retain mobility;
however, the muscles have reduced strength and the full range of motion may
not be possible to reconstruct for hypoplasia patients. Generally, a.radialis is
used as the basis for arterial anastomosis, but careful evaluation must be
performed as the thumb’s fourth and fifth degree of congenital hypoplasia may
have a hypoplastic or undeveloped radial artery [41]. In these cases, the ulnar
artery or the common digital artery should be used. It is possible to perform a
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preoperative angiography to evaluate the arterial supply of the forearm and hand;
however, digital subtraction angiography is an invasive method and its usage has
no unequivocal effect on finger transplantation.
1.2.3.

Foot phase
After application of the arterial tourniquet, incise the skin of the dorsal

side of the foot’s first interdigital space where the variant of the arterial supply
of the second toe will be identified. Circulation of the second toe is supplied by
either the first dorsal metatarsal artery (DMTA) or by the first plantar metatarsal
artery (PMTA) [7,8]. To appropriately evaluate dominant blood circulation for
the second toe, there are two variants – either the dorsal blood supply in which
the largest artery is located on the dorsal side of the foot or the plantar dorsal
supply which is located on the plantar side of the foot. The importance of
dominant artery identification is to ensure maximum blood flow to the toe.
Circulation variations and their percentage distribution differ for many authors,
such as Greenberg and May’s study published in 1988 stating that up to 90 %
determine the dominant dorsal type of circulation, but Kay and Wiberg in 1996
published a statement in which only 60 % found the dominant dorsal circulation
[13,18]. Ozols et al. 2019. published results of possibility to use forth toe for the
thumb reconstruction.
After circulation system identification, one artery and one (rarely two)
subcutaneous vein are dissected. The tendons of the extensor group such as
extensor digitorum longus et brevis (EDL and EDB) are also dissected, and if
possible for identification, the dorsal part of the digital nerve is included for
dissection. On the plantar side, both digital nerves released, spared, and
redistributed to the first and third toes. Dissection continues with tenolysis of the
flexor tendons (FDP and FDS), by dividing them at the base of the metatarsal
with the possibility that even more proximal location is needed. Post tenolysis,
the first annular tendon is visualised and is to be divided. Once the tendons have
13

been dissected, advance to the musculature and split the small foot muscles
surrounding the second toe (spaces between the first/second and second/third
toe). This progress enables for osteotomy at the metatarsal bone level and,
therefore, the transplant toe is isolated and only attached by pedicle.
The tourniquet is removed to verify preserved circulation of the toe. Once
circulation has been confirmed, the MTP joint arthrodesis is performed while
maintaining the growth zone of the proximal phalanx. Traumatisation of this
growth zone can visibly and significantly reduce further development of the
transplant [7]. At this stage, usually an arthrotomy is carried out from the
opposite side of where the vascular bundle is located while visualising the joint’s
cartilage and performing the resection sharply. The transplant is to be fixated
longitudinally with one 0.8–0.9 mm Kirschner wire.
1.2.4.

Microsurgery phase
To ensure blood supply for patients with thumb hypoplasia, a.radialis is

more often selected as a recipient blood vessel than a.ulnaris. However, cases in
which a.radialis is underdeveloped or even underdeveloped radial club hand are
present, the subcutaneous veins of the dorsal side are a better choice for venous
return [38,39]. Anastomoses are secured with nylon 8/0–10/0 interrupted sutures.
The arterial seam can be either end-end or side-end as the type is individualised
for each patient by considering the congenital deformity. There are usually no
problems in providing sensory innervation as the connection is secured by
attaching the toe’s plantar digital nerves with the ramus dorsalis n.radialis or
even the hypoplastic thumb’s digital nerves [6,17].
1.2.5.

Ballast and movement apparatus reconstruction
In order to restore thumb movements, at least three functioning muscles

are needed to provide flexion, extension, and abduction [18,27]. Reconstruction
of thumb abduction is the most complicated, but it is the most important function.
The choices of possible musculature used for thumb reconstruction include: for
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flexion – the tendon of m.palmaris longus or any tendon of mm.flexor digitorum
superficialis, for extension – m.extensor indicis proprius of the index finger or
any tendon from the mm.extensor digitorum communis, and for abduction – the
second finger’s intrinsic musculature or m.abductor digiti minimi or any tendon
of mm.flexor digitorum superficialis [42,44].
The transplanted finger is placed above the first CMC joint or at the site
where the potential CMC joint will be created. Patients with grade IIIb-V
hypoplasia do not develop the first CMC joint, and thus, the transplant fixation
site will be either at the projection of os trapezium or os scaphoideum. The
transplant should be placed in opposition to the fourth and fifth finger and its
length should be until the middle or distal third of the second finger’s proximal
phalanx. Two Kirschner 0.9–1.0 mm wires provide the transplant’s fixation to
the base.
1.2.6.

Donor site closure
After the removal of the toe, hemostasis was controlled and

intermetatarsal ligaments were reconstructed to reduce the second interdigital
space. The ligament reconstruction uses 2/0–3/0 absorbable or non-absorbable
thread. The cutaneous and subcutaneous layers are to be closed in the classic
method, using either continuous or interrupted sutures with absorbable or nonabsorbable 4/0–3/0 thread. Sterile, aseptic, non-adhesive bandaging should be
applied as well as it is imperative for immobilisation using a L-type splint.
Immobilisation is necessary until the fourth postoperative week.
1.2.7.

Postoperative period and early rehabilitation
Surgical sites (wounds) were closed with simple interrupted sutures using

absorbable or rarely non-absorbable thread 4/0-5/0. In the hand, the
subcutaneous layer was not sutured. Immobilisation and wound dressing was
realised using sterile aseptic bandages and a splint, which wound around the first
digit. Immobilisation should be intact until the fifth postoperative week and after
15

control x-ray evaluation of bone consolidation, the osteosynthesis structure are
to be evacuated around the fourth–sixth postoperative week.

Figure 1.2. New surgical method
1a–1b thumb hypoplasia IIIb; 1c – toe-to hand transplantation (operation
theater view); 2a – X-ray of thumb hypoplasia Grade IIIb; 2b – X-ray after toeto hand transplantation with MTP joint arthrodesis method (fixation with kwires); 2c – donorside

16

Figure 1.3. New surgical method postoperative 3D computer tomography

1a – hand’s volar surface; 1b – first digit’s radial side view; 2a – hand’s dorsal surface;
2b – first digit’s ulnar side view

1a

1b

Figure 1.4. New surgical method 3D modelled joints
1a – neoCMC joint; 1b – healed MTP joint
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2.

RESEARCH/STUDY SECTION

Thumb hypoplasia grade II and IIIa reconstruction uses EIP tendon
transposition with subperiosteal fixation operation method. Thumb hypoplasia
grade IIIb-V reconstruction uses a new surgical method of the second toe
transplantation with MTP joint arthrodesis and the classical pollicization
operation method. In the time frame of 2007–2017, 21 patients were examined
for congenital thumb hypoplasia including five bilateral cases (see charts 2.1. and
2.2.). 25 reconstructive operations were performed for this group of patients at
the MC. These operations were divided in 11 for Grade II thumb hypoplasia
treatment, four for grade IIIa, three for grade IIIb, one for grade IV, and two for
grade V.

amount

15
10

11

5
0

Hypoplastic
digits
Patients

9
4

grade II

4

grade IIIa

3

3

grade IIIb

1

1

2

grade IV

1

grade V

Chart 2.1. Thumb hypoplasia patients

amount

10

5

0

6

5
1

2

1

2

1

3

1

2

1

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Chart 2.2. Thumb hypoplasia operations
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2.2.1.

Evaluation of complex postoperative functional results
There were 18 operated patients diagnosed with grade II – V thumb

hypoplasia included in trial. The EIP tendon transposition method was used for
14 patients, pollicization for two patients, and the remaining two patients had the
second toe transplantation with MTP joint arthrodesis performed (see chart 1).
The complex postoperative functional results were compared with the study
results on the hand grasp strength indicators for children from RSU’s Anatomy
and Anthropology Institute’s anthropology laboratory. This study had included
970 children aged three to seven years.
2.2.2.

Evaluation of aesthetic results
The evaluation study had 285 respondents, which included 193 women

(67.4 %) and 92 men (32.6 %) (see chart 2.3.). The majority were 19–30 years
of age (64.2 %), and 67 % of the respondents had received higher education.
These surveyed respondents also consisted of 139 professionals (48.8 %) in
medical and healthcare field, while the other 146 (51.2 %) work or study in other
sectors.

GENDER
1/3

male
female
2/3

Chart 2.3. Respondents gender

19

2.3.1.

Retrospective section of the research
Analyses of the operation period, postoperative period and operation

complications were performed for patients with Grade II – V thumb hypoplasia
treated from 2007–2017 via hospitalisation and outpatient records at RAKUS,
MC, and BKUS.
2.3.2.

Prospective section of the research
Evaluation of complex postoperative functional results
The Disabilities of the Arm, Shoulder and Hand (DASH) score and the

Paediatric Evaluation of Disability Inventory (PEDI) questionnaire as well as
determining the scores on the visual analogue scale (VAS) and range of motion
(ROM) were used to evaluate the subsequent functional results [3,4,15,26].
These scores and questionnaires for this study were assessed in every person
during outpatient visits.
DASH questionnaire
This questionnaire is intended for evaluation and comparison of upper
limb postoperative functional results of patients, based on 30 questions about a
patient’s functionality with the maximum possible score of 100 points. DASH
data interpretation requires a minimum of 27 questions to be answered. The
formula used to calculate the data is: DASH number = ([sum of n answers) / n]
– 1 (25). The number of the answered questions is represented by “n.” A normal
score is considered to range from 0–16 [1,14].
PEDI questionnaire
The computerised version, Paediatric Evaluation of Disability Inventory
– Computer Adaptive Test (PEDI-CAT) – 2nd edition (2012), was used in this
study. This questionnaire is intended for children from the age of six months to
seven and a half years. The questionnaire is about evaluating functions such as
20

mobility (59 questions), self-care (73 questions), and social function (65
questions). The score can range from 0–100 points; therefore, if the maximum is
tallied, the child does not have any functional impediments [3,4].
VAS scale
The visual analogue scale (VAS) was used to evaluate patients’ aesthetic
data in which the score can range from 1–10, the smallest number corresponds
to a better evaluation. VAS was dividing into two components – v for visual, and
f for functional. Patients and their parents had to answer questions for each
component: “Does the reconstructed first finger look like a thumb?” “Does the
reconstructed first finger behave like a thumb?”
ROM scale
A goniometer was used to measure the movement spectrum of the
reconstructed finger joints. The acquired data were interpreted by using the first
finger movement spectrum standards determined in Barakat et al. published
study in 2013[2].
Comparison of the postoperative results complex
Evaluation of the hand’s functionality consisted of strength/force
measurements: crush grip and pinch grip. Grip strength is based on stability of
the thumb and the other fingers’ strength, even though the pinch grip is provided
by mobility of the thumb and forefinger. Strength measurements were
established for both hands by using a balloon (pneumatic) and a mechanical
(janmar) dynamometer. To evaluate the postoperative results for each patient, a
comparison was made between the operated hand and the healthy hand. These
strength measurements were further compared to standard functional strength
results of children of the corresponding age. These standards were determined
by RSU’s Anatomy and Anthropology Institute’s anthropology laboratory’s
research on the grip strength of 970 patients aged three to seven years.
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Evaluation of the questionnaires for interpretation of postoperative
aesthetic results
This study used questionnaires for two types of thumb hypoplasia grade
IIIb-V surgical treatment methods (pollicization and the new surgical method)
for evaluation of aesthetic results. The main task was to evaluate these results on
a scale from 1–10. Considering that this new surgical method utilises the second
toe, additional evaluation of the donor site was performed. Social media such as
Facebook and WhatsApp were used to distribute these questionnaires.

2.4.1.
1.

Inclusion criteria

Children aged 0–18 years with congenital thumb hypoplasia Grade II – V,
who were treated surgically at RAKUS MC from 2007–2017.

2.

Thumb hypoplasia Grade II – IIIa reconstruction included the MC
recommended EIP transposition operation method or the FDS transposition
operation method.

3.

Thumb hypoplasia Grade IIIb-V reconstruction consisted of the MC
recommended technique of the second toe transplantation with MTP joint
arthrodesis or the classic pollicization method.

4.

Operated patients who had quality preoperative and postoperative
photographs available.

2.4.2.

Exclusion criteria

1.

Children aged 0–18 years with congenital thumb hypoplasia Grade I.

2.

Children or parents of children who refused to participate in this study.

3.

Patients whose complex postoperative functional evaluation data not
obtained.

22

4.

Children who do not have quality preoperative and postoperative
photographs available.
Patient No 21 – refused from the planned pollicization operation – was

excluded from the study. Patient No 19 – late postoperative data not available
as the patient left the country and follow-up data cannot be obtained; the patient’s
operation and hospitalisation data were used. Patient No 20 – no surgical
treatment – was excluded from the study. Children with congenital thumb
hypoplasia Grade I typically do not seek a specialist as there are only minimal
changes that generally do not affect the thumb’s function. Thumb hypoplasia
Grade I does not require surgical treatment. Five patients from this research were
diagnosed with Grade I in the “healthy” arm. This study included 18 patients (21
hands) with congenital thumb hypoplasia Grade II – V (see chart No 1).

Data acquired from the results of postoperative aesthetic questionnaires
and the study group as well as data from the retrospective study were
systematised in Microsoft Excel 2016 data processing programme. The acquired
functional data was compared with the population standards respective to the age
group (control group). The analysis was realised by using IBM SPSS Statistics
v.22 (Statistical Package for the Social Sciences) independent samples t-test
(Student’s t-test). Aesthetic questionnaires acquired data results comparing the
new transplantation method and the classic pollicization method were
systematised in Microsoft Excel 2016. Data analyses were performed by using
IBM SPSS Statistics v.22 (Statistical Package for the Social Sciences) Paired
samples t-tests (Student’s t-test) and Wilcoxon-Mann-Whitney test [20].
Evaluation of statistical hypotheses assessment used the significance level (p ≤
0.05 for acceptance and p > 0.05 for rejection).
23

This study was evaluated by the Ethics Committee of Riga Eastern
Clinical University Hospital’s medical and biomedical research foundation and
received authorisation No 16-A / 14.06.2014. Parents of the patients participating
in this study signed the consent form (ICF).
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3.

RESULTS

Patient 1. RHD. Congenital hypoplasia of the second (II) stage of the first
fingers of both hands.
Right-hand reconstruction at the age of 11 months, left-hand operated at
the age of 20 months. Treatment used – transposition of the EIP tendon. Surgery
time for reconstruction of the left-hand thumb – 1 hour and 30 minutes, right
hand thumb reconstruction – 0 hours for 50 minutes, hospitalisation time – two
days. Assessment of post-operative results at the age of 84 months, questionnaire
data: DASH 5.2 points, PEDI 66 points, VAS(v) 1 point, VAS(f) 2 points and
functional data: Grasp dex(op) 6kg, sin(op) 12 kg, ratio operative vs. healthy –
n/a, Pinch dex(op) 2 kg, sin(op) 2 kg, ratio operative vs. healthy – n/a. ROM:
IP(dex) 10/0/0, IP(sin) 30/0/0, MCP(dex) 20/0/0, MCP(sin) 5/0/0, CMC(dex)
15/0/10, CMC(sin) 20/0/10. Post-operative inspection at 7 years old (see Figure
3.1).
1a

1b

1c

Figure 3.1. Patient 1 Post-operative images (photographs of the author)

1a – view on the dorsal side; 1b – view on the volar side; 1c – first and fifth finger grip

Patient 2. LHD. Congenital hypoplasia of the second (II) grade of the first
finger of the right hand.
Right-hand reconstruction at the age of 11 months. Treatment applied –
transposition of the EIP tendon. Surgery time for right-hand thumb
reconstruction – 1 hour and 55 minutes, inpatient spent 2 days. Evaluation of
post-operative results at the age of 57 months, questionnaire data: DASH 0.9
points, PEDI 70 points, VAS(v) 1 point, VAS(f) 1 point and functional data Grasp
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dex(op) 8 kg, sin 8 kg, ratio operative vs. healthy – 1. Pinch dex(op) 3 kg, sin 3
kg, ratio operative vs. healthy – 1. ROM: IP(dex) 45/0/0, IP(sin) 85/0/0,
MCP(dex) 50/0/10, MCP(sin) 60/0/10, CMC(dex) 45/0/15, CMC(sin) 45/0/10.
Assessment of post-operative results at the age of 5 (see Figure 3.2).

Figure 3.2. Patient 2 post-operative images (photographs of the author)

1a – view on the dorsal side; 1b – view on the volar side; 1c – first and fifth finger grip

Patient 3. LHD. Congenital hypoplasia of the second (II) grade of the first
finger of the right hand.
Right hand reconstruction at the age of 128 months. Treatment applied –
transposition of the EIP tendon. Surgery time for right-hand thumb
reconstruction – 1 hour and 5 minutes, inpatient spent 2 days. Assessment of
post-operative results at the age of 136 months, questionnaire data: DASH 3.6
points, PEDI 65 points, VAS(v) 1 point, VAS(f) 1 and functional data: Grasp
dex(op) 10 kg, sin 10 kg, ratio operative vs. healthy – 1. Pinch dex(op) 3.5 kg
and sin 3.5 kg, ratio operative vs. healthy – 1. ROM: IP(dex) 30/0/0, IP(sin)
60/0/0, MCP(dex) 60/0/10, MCP(sin) 60/0/10, CMC(dex) 40/0/10, CMC(sin)
40/0/10. Evaluation of post-operative results at the age of 11 (see Figure 3.3).

Figure 3.3. Patient 3 post-operative images (photographs of the author)

1a – view on the dorsal side; 1b – view on the volar side; 1c – first and fifth finger grip
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Patient 4. RHD. Congenital hypoplasia of the second (II) grade of the first
finger of the left hand.
Left-hand reconstruction at the age of 11 months. Treatment applied –
implementing the EIP tendon. Surgery time for left hand thumb reconstruction –
0 hours for 45 minutes, inpatient spent 2 days. Assessment of post-operative
results at the age of 34 months, questionnaire data: DASH 17.9 points, PEDI 60
points, VAS(v) 1 point, VAS(f) 1 and functional data: Grasp dex 3.5 kg, sin(op) 3
kg, ratio operative vs. healthy – 0.85. Pinch dex2.5 kg un sin(op) 2 kg, ratio
operative vs. healthy – 0.8. ROM: IP(dex) 50/0/0, IP(sin) 80/0/0, MCP(dex)
60/0/10, MCP(sin) 80/0/10, CMC(dex) 25/0/10, CMC(sin) 45/0/10. Assessment
of post-operative results at the age of 3 (see Figure 3.4).

Figure 3.4. Patient 4 operative images. Classical incisions for the EIP
transposition (author photographs)
1a – view on the dorsal side; 1b – view on the volar side

Patient 5. RHD. Congenital hypoplasia of the second (II) grade of the first
finger of the right hand.
Right-hand reconstruction at the age of 20 months. Treatment applied –
transposition of the EIP tendon. Surgery time for right-hand thumb
reconstruction – 0 hours 55 minutes, inpatient spent 2 days. Assessment of postoperative results at the age of 72 months, questionnaire data: DASH 6.5 points,
PEDI 63 points, VAS(v) 2 points, VAS(f) 2 points. Questionnaire notes say they
do not like an unaesthetic short thumb. Functional outcome: Grasp dex(op) 12
kg, sin 12 kg, ratio operative vs. healthy – 1. Pinch dex(op) 3.5 kg, sin 4.5 kg,
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ratio operative vs. healthy – 0.78. ROM: IP(dex) 60/0/0, IP(sin) 80/0/0,
MCP(dex) 60/0/0, MCP(sin) 90/0/0, CMC(dex) 70/0/10, CMC(sin) 45/0/20.
Assessment of post-operative results at 6 years of age (see Figure 3.5.).

Figure 3.5. Post-operative images of patient 5 (author photographs)

1a – volar surfaces of both hands; 1b – dorsal surfaces of both hands; 1c – flexion of the
thumb

Patient 6. RHD. Congenital hypoplasia of grade three a (IIIa) of the first
finger of the right hand.
Right-hand reconstruction at 18 months old. Treatment applied –
transposition of the EIP tendon. Time of surgery for right-hand thumb
reconstruction – 0 hours for 30 minutes, inpatient spent 2 days. Evaluation of
post-operative results at 5 years old, questionnaire data: DASH 56.3 points, PEDI
53 points, VAS(v) 4 points, VAS(f) 6 points. The questionnaire indicates that large
items cannot be grasped. Functional outcome: Grasp dex(op) 2 kg, sin 2.5 kg,
ratio operative vs. healthy – 0.5. Pinch dex(op) 0.5 kg, sin 1.5 kg, ratio operative
vs. healthy – 0.33. ROM: IP(dex) 5/0/0, IP(sin) 50/0/0, MCP(dex) 5/0/0,
MCP(sin) 40/0/10, CMC(dex) 15/0/10, CMC(sin) 10/0/10. Assessment of postoperative results at 5 years of age (see Figure 3.6).

Figure 3.6. Post-operative images of patient 6 (author photographs)
1a – hand dorsal surface; 1b – palm volar surface
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Patient 7. LHD. Congenital right hand third b (IIIb) grade hypoplasia of the
first finger.
Right-hand reconstruction at the age of 17 months. Treatment applied –
implant of the EIP tendon in combination with unrounded phalange
transplantation for metacarpal bone stabilisation. Time of surgery for right-hand
thumb reconstruction – 1 hour and ten minutes, inpatient spent 2 days.
Assessment of post-operative results at 6 years old, questionnaire data: DASH
51.7 points, PEDI 52 points, VAS(v) 3 points, VAS(f) 7 points. The questionnaire
indicates that large items cannot be grasped. Functional outcome: Grasp dex(op)
2 kg, sin 6 kg, ratio operative vs. healthy – 0.33. Pinch dex(op) 0.5 kg, sin 3 kg,
ratio operative vs. healthy – 0.17. ROM: IP(dex) 5/0/0, IP(sin) 70/0/0, MCP(dex)
20/0/0, MCP(sin) 50/0/20, CMC(dex) 25/0/0, CMC(sin) 50/0/10. Assessment of
post-operative results at the age of 6 years (see Figure 3.7).

Figure 3.7. Post-operative images of patient 7 (author photographs)
1a – Max abduction of the thumb, 1b – maximum extension of the thumb

Patient 8. RHD. Congenital hypoplasia of the second (II) grade of the first
finger of the left hand.
Left-hand reconstruction at the age of 42 months. Treatment applied –
transposition of the EIP tendon. Surgery time for left hand thumb reconstruction
– 0 hours 55 minutes, inpatient spent 2 days. Assessment of post-operative results
at the age of 96 months, questionnaire data: DASH 0.9 points, PEDI 68 points,
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VAS(v) 2 points, VAS(f) 1. Functional results: Grasp dex 1.6 kg, sin(op) 10 kg,
ratio operative vs. healthy – 6.25. Pinch dex 4 kg, sin(op) 2 kg, ratio operative
vs. healthy – 0.5. ROM: IP(dex) 45/0/0, IP(sin) 85/0/0, MCP(dex) 50/0/20,
MCP(sin) 60/0/15, CMC(dex) 20/0/15, CMC(sin) 20/0/15.Assessment of postoperative results at the age of 8 (see Figure 3.8).

Figure 3.8. Post-operative images of patient 8 (author photographs)

1a – hand dorsal surface; 1b – palm volar surface; 1c – grip of first and fifth fingers

Patient 9. RHD. Congenital hypoplasia of the second (II) grade of the first
fingers of both hands.
Right-hand reconstruction at 11 months old, left-hand operated at 17
months old. Treatment applied – transposition of the EIP tendon. Surgery time
for right-hand thumb reconstruction – 0 hours 50 minutes, left hands – 0 hours
for 45 minutes, hospitalization time – 2 days each time. Assessment of postoperative results at the age of 96 months, questionnaire data: DASH 4.3 points,
PEDI 67 points, VAS(v) 1 point, VAS(f) 1. Functional results: Grasp dex(op) 20
kg, sin(op) 20 kg, ratio operative vs. healthy – n/a, Pinch dex(op) 5 kg, sin(op) 5
kg, ratio operative vs. healthy – n/a. ROM: IP(dex) 70/0/0, IP(sin) 80/20/20,
MCP(dex) 60/0/40, MCP(sin) 50/0/10, CMC(dex) 15/0/10, CMC(sin) 15/0/10.
Assessment of post-operative results at the age of 8 years (see Figure 3.9).
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1b

1a

Figure 3.9. Post-operative images of patient (author photographs)

1a – dorsal surfaces of both hands; 1b – grip of first and fifth finger on both hands

Patient 10. RHD. Congenital hypoplasia of grade three a (IIIa) of the first
finger of the left hand.
Left-hand reconstruction at the age of 12 months. Treatment applied –
transposition of the EIP tendon. Surgery time for left hand thumb reconstruction
– 0 hours for 50 minutes, inpatient spent 2 days. Assessment of post-operative
results at the age of 125 months, questionnaire data: DASH 30.2 points, PEDI 60
points, VAS(v) 5 points, VAS(f) 5 points. Functional results: Grasp dex 5 kg and
sin(op) 16.6 kg, ratio operative vs. healthy – 3.32. Pinch dex 1.5 kg, sin(op) 2 kg,
ratio operative vs. healthy – 1.33. ROM: IP(dex) 10/0/0, IP(sin) 60/0/0,
MCP(dex) 30/0/20, MCP(sin) 90/0/30, CMC(dex) 20/0/20, CMC(sin) 20/0/20.
Assessment of late post-operative results at the age of 10 (see Figure 3.10).
1a

2a

1b

2b

Figure 3.10. Post-operative images of patient 10 (author photographs)
1a – Max flexion of the thumb; 1b – first and fifth fingers grip; 2a – first finger
functional assessment; 2b – maximum abduction of the thumb
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Patient 11. RHD. Congenital hypoplasia of grade three a (IIIa) of the first
finger of the left hand.
Left-hand reconstruction at the age of 102 months. Treatment applied –
transposition of the EIP tendon. Surgery time for left hand thumb reconstruction
– 0 hours 55 minutes, inpatient spent 2 days. Evaluation of post-operative results
at the age of 136 months, questionnaire data: DASH 12.1, PEDI 61, VAS(v) 5
points, VAS(f) 5 points. The questionnaire shows that it is difficult to grasp large
items. Functional results: Grasp dex 14.9 kg, sin(op) 4.5 kg, ratio operative vs.
healthy – 0.3. Pinch dex 2.6 kg and sin(op) 1.3 kg, ratio operative vs. healthy –
0.58. ROM: IP(dex) 90/0/0, IP(sin) 10/0/0, MCP(dex) 50/0/25, MCP(sin)
30/0/30, CMC(dex) 20/0/30, CMC(sin) 10/0/30. Evaluation of post-operative
results at the age of 11 years (see Figure 3.11).

Figure 3.11. Post-operative images of patient 11 (author photographs)

1a – volar surfaces of both hands; 1b – dorsal surfaces of both hands; 2a – maximum
abduction of the thumb; 2b – first and fifth finger grip

Patient 12. LRD. Congenital hypoplasia of the second (II) grade of the first
finger of the left hand.
Left-hand reconstruction at the age of 68 months. Treatment applied –
transposition of the EIP tendon. Surgery time for left hand thumb reconstruction
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– 0 hours 55 minutes, inpatient spent 2 days. Assessment of post-operative results
at the age of 71 months, questionnaire data: DASH 4.5 points, PEDI 61 points,
VAS(v) 2 points, VAS(f) 2 points. Functional results: Grasp dex 8 kg, sin(op) 7
kg, ratio operative vs. healthy – 0.88. Pinch dex 3 kg, sin(op) 2 kg, ratio operative
vs. healthy – 0.67. ROM: IP(dex) 100/0/0, IP(sin) 60/0/0, MCP(dex) 90/0/0,
MCP(sin) 70/0/20, CMC(dex) 15/0/10, CMC(sin) 15/0/10. Assessment of postoperative results at age of 6 years (see Figure 3.12).
1a

1b

2b

2a

Figure 3.12. Patient 12 post-operative images (author photographs)

1a – wrist dorsal surface; 1b – wrist volar surface; 2a – first and fifth fingers grip; 2b –
assessment of the stability of the first finger MCP joint

Patient 13. LHD. Congenital hypoplasia of the thumbs of both hands.
Hypoplasia of third (IIIa) grade of the first finger of the right hand and
hypoplasia of the first (I) grade of the left hand.
Right-hand reconstruction at the age of 110 months. Treatment applied –
transposition of the EIP tendon. Surgery time for right-hand thumb
reconstruction – 1 hour 50 minutes, inpatient spent 2 days. Assessment of postoperative results at the age of 197 months, questionnaire data: DASH 1.7 points,
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PEDI 65 points, VAS(v) 5 points, VAS(f) 5 points. Functional results: Grasp
dex(op) 10 kg, sin 25 kg, ratio operative vs. healthy – 0.39. Pinch dex(op) 4 kg,
sin 3 kg, ratio operative vs. healthy – 1.33. ROM: IP(dex) 10/0/0, IP(sin) 30/0/0,
MCP(dex) 40/0/5, MCP(sin) 40/0/10, CMC(dex) 20/0/0, CMC(sin) 20/0/10.
Assessment of post-operative results at age of 16 years (see Figure 3.13).

Figure 3.13. Patient 13 post-operative images (author photographs)

1a – volar surface of both hands; 1b – dorsal surfaces of both hands; 1c – grip of the first
and fifth fingers of both hands

Patient 14. LHD. Congenital hypoplasia of the thumbs of both hands.
Hypoplasia of the second (II) grade of the left hand of the first finger and
hypoplasia of the third (IIIb) grade of the right hand’s first finger.
Left-hand reconstruction at 11 months old, right-hand is planned to be
transplanted in 2018. Treatment applied – transposition of the EIP tendon.
Surgery time for left hand thumb reconstruction – 0 hours for 45 minutes,
inpatient spent 2 days. Assessment of post-operative results at the age of 85
months, questionnaire data: DASH 8.8 points, PEDI 67 points, VAS(v) 3 points,
VAS(f) 2 points. Functional results: Grasp dex 0 kg, sin(op) 8 kg, ratio operative
vs. healthy – n/a. Pinch dex 0 kg, sin(op) 2 kg, ratio operative vs. healthy – n/a.
ROM: IP(dex) n/a, IP(sin) 20/0/0, MCP(dex) n/a, MCP(sin) 30/0/10, CMC(dex)
n/a, CMC(sin) 10/0/5. Assessment of post-operative results at the age of 7 (see
Figure 3.14).
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Figure 3.14. Patient 14 post-operative images (left hand) (author
photographs)

1a – volar surface of both hands; 1b – dorsal surface of both hands; 2a – grip of the first
and fifth fingers of the left hand; 2b – maximum flexion of the first finger of the right
hand

Patient 15. RHD. Congenital hypoplasia of grade three (IIIb) of the right
hand’s first finger.
Reconstruction performed at the age of 119 months. Treatment applied –
transplantation of the second toe of the leg with metatarsophalangeal joint
arthrosis. The surgery time – 4 hours 0 minutes, inpatient spent 5 days.
Assessment of post-operative results at the age of 180 months, questionnaire
data: DASH 8 points, PEDI 65 points, VAS(v) 1 point, VAS(f) 1. Functional
results: Grasp dex(op) 30 kg, sin 28 kg, ratio operative vs. healthy – 1.07. Pinch
dex(op) 1 kg, sin 5 kg, ratio operative vs. healthy – 0.2. ROM: IP(dex) 10/0/0,
IP(sin) 50/0/0, MCP(dex) 90/0/5, MCP(sin) 80/0/10, CMC(dex) 10/0/0,
CMC(sin) 20/0/10. Pre-surgical test photographs show hypoplasia of the righthand thumb IIIb with unstable metacarpal bone and undeveloped TMC
(trapecometacarpal) joint (1a–1b) (see Figure 3.15). Post-operative inspection at
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the age of 15 years, functional and aesthetical results are good, possibly first
finger flexion, extension (1a–2c and 2a). The first finger X-ray photograph shows
the closed growth areas (2b), the total length of the first metacarpal bone – 48
mm. Stable CMC joint (see Figure 3.16).

Figure 3.16. Patient 15 pre-operative images (author photographs)
1a – palm volar surface; 1b – lateral surface; 1c – hand X-ray
1a

2a

1c

1b

2b
a

Figure 3.17. Patient 15 post-operative images (author photographs)

1a – Palm volar surface; 1b – newly created first finger maximum flexion in the MCP
joint; 1c – wrist dorsal surface; 2a – palm maximum flexion; 2b – wrist X-ray

Patient 16. LHD. Congenital hypoplasia of the third (IIIb) grade of the right
hand in combination with the fourth (IV) grade radial lucidity (RDL).
Right hand reconstruction in two steps:
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First phase. Wrist stabilisation with a rounded metatarsophalangeal joint
of the second leg has been performed at the age of 37 months (Ozols et al.
2014,Vilkki 1998.).
Second phase. A second toe transplant with metatarsophalangeal joint
arthrosis reconstruction of the thumb has been performed at the age of 54 months
(Ozols et al. 2018.).
Assessment of post-operative results at the age of 84 months. Time of
surgery for right-hand thumb reconstruction – 4 hours 5 minutes, inpatient spent
6 days. Assessment of post-operative results at the age of 84 months,
questionnaire data: DASH 10.7 points, PEDI 64 points, VAS(v) 1 point, VAS(f) 5
points. Functional results: Grasp dex(op) 2 kg, sin 9 kg, ratio operative vs.
healthy – 0.22. Pinch dex(op) 0.5 kg, sin 3 kg, ratio operative vs. healthy – 0.16.
ROM: IP(dex) 10/0/0, IP(sin) 60/0/10, MCP(dex) 90/0/0, MCP(sin) 60/0/0,
CMC(dex) 15/0/0, CMC(sin) 20/0/10. Pre-operative inspection photographs (see
Figure 3.18). (1a) shows hypoplasia of Grade 3b of the right-hand thumb and
radial lucidity with an unstable wrist. Right wrist thumb hypoplasia grade 3b
hypoplasia after wrist reconstruction phase (2a–2b). Post-operative inspection at
7 years old, functional and aesthetic results are good, possibly first finger flexion.
The child managed to make a stable wrist (2a–2b) and a functional thumb (1a–
1c). Donor place (2c) without functional interference, but aesthetically visible 4
fingers which form symmetry of the feet after narrowing the finger (see Figure
3.19). Bone structure of congenital hand deformation (see Figure 3.20). Preoperative radiograph (1a), a forearm consists of one bone, after forearm
reconstruction with MTP joint rounded transplant (1b) and post-operative result
at the age of 7 (1c).
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Figure 3.18. Patient 16 pre-operative images (author photographs)

1a – wrist (right hand) volar surface; 1b – wrist volar surface after wrist reconstruction
phase; 2a – wrist dorsal surface after joint reconstruction phase; 2b – wrist lateral
surface after joint reconstruction phase

Figure 3.19. Patient 16 post-operative images (photographs of the author)

1a – the maximum flexion of the newly formed first finger in the MCP joint; 1b –
maximum extension of the newly formed first finger in the MCP joint; 2b – maximum
flexion of the reconstructed wrist; 2c – finger donor place
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Figure 3.20. Patient 16 radiographs

1a – pre-operative radiograph; 1b – roentgenogram after palm reconstruction stage with
a foot second finger MTP joint transplant (Vilkki and Paavilainen 2018. method); 1c –
roentgenogram of hand after thumb reconstruction with the new transplant method

Patient 17. RHD. Congenital hypoplasia of the fifth degree (V) of the first
fingers of both hands.
Left-hand reconstruction at 11 months old, right-hand operated at 17
months old. Treatment applied – pollicization, additional transposition of the
second finger. Time of surgery for the reconstruction of the left-hand thumb – 1
hour 10 minutes, right hand – 0 hours 50 minutes, inpatient spent 2 days in both
cases. Assessment of post-operative results at the age of 33 months,
questionnaire data: DASH 26.7 points, PEDI 56 points, VAS(v) 5 points, VAS(f)
5 points. The questionnaire points out the patient does not like the left thumb in
an opposition state. Functional results: Grasp dex(op) 2 kg, sin(op) 1 kg, ratio
operative vs. healthy – n/a. Pinch dex(op) 5 kg and sin(op) 5 kg, ratio operative
vs. healthy – n/a. ROM: IP(dex) 10/0/0, IP(sin) 60/0/0, MCP(dex) 30/0/20,
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MCP(sin) 90/0/30, CMC(dex) 20/0/20, CMC(sin) 20/0/20. Assessment of postoperative results at the age of 3 years (see Figure 3.21).

1a

1b

1c

Figure 3.21. Patient 17 post-operative images (author photographs)

1a – Volar surfaces of both hands; 1b – dorsal surfaces of both hands; 1c – functional
assessment of the first finger of the right hand

Patient 18. LHD. Congenital hypoplasia of the fourth (IV) grade of first finger
of the right hand.
Right-hand reconstruction at 11 months old. Treatment applied –
pollicization. Surgery time for right-hand thumb reconstruction – 0 hours 55
minutes, inpatient spent 2 days. Assessment of post-operative results at the age
of 101 months, questionnaire data: DASH 6 points, PEDI 64 points, VAS(v) 3
points, VAS(f) 2 points. The questionnaire says the patient does not like a fourfinger palm. Functional results: Grasp dex(op) 14 kg, sin 12 kg, ratio operative
vs, healthy – 1.17. Pinch dex(op) 3 kg and sin 6 kg, ratio operative vs. healthy –
0.5. ROM: IP(dex) 85/0/0, IP(sin) 90/0/0, MCP(dex) 90/0/0, MCP(sin) 80/0/30,
CMC(dex) 15/0/20, CMC(sin) 15/0/20. Evaluation of post-operative results at the
age of 9 (see Figure 3.22).
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Figure 3.22. Patient 18 post-operative images (author photographs)

1a – volar surfaces of both hands; 1b – dorsal surface of both hands; 2a – maximum
abduction of the first finger; 2b – maximum flexion of the first finger

Retrospective analysis of patient data concludes that nine children
underwent reconstructive surgery during the first year of life (three pollicization
and six EIP tendon transposition). Finger transplants have been performed in
children at an average of 86.5 months of age. The average child age during
pollicization operations is 13 (9–17) months, EIP tendon transposition – 38 (11–
128) months. Children have an average age of 86.5 (54–119) months when
undergoing a second-toe transplant. In operational time analysis, it was
concluded that the duration of the EIP tendon transposition operation is the
shortest, on average it takes 60.71 (30–115) minutes, the duration of pollicization
operation average lasting for 92 (50–160) minutes. The second toe with MTP
joint arthrodesis transplantation takes an average of 242.5 (240–245) minutes
(see Chart 3.1).
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Chart 3.1. Operation types and timing

3.5.1.

Assessment of the complex post-operative functional results

Evaluating the results of the functional (DASH) and (PEDI) questionnaires
Average DASH 14.54 (0.9–56.3) for the EIP tendon transposition. For
two patients undergoing EIP tendon transposition, the DASH score is above 50
points and 30.2 for one patient indicating poor functional outcome. Two patients
have detected a thumb hypoplasia IIIa grade, a reduced metacarpal bone and a
stable CMC joint; however, one patient has a IIIb – unstable CMC joint. Patients’,
who were undergoing a second toe-to hand with MTP joint arthrodesis
transplantation, DASH is average 9.35 (8–10.7). In the pollicization group, DASH
has an average of 19.8 (6–26.7) (see Chart 3.2).
PEDI questionnaires show better results for patients with the second-toe
transplant method – 64 points (64–66), EIP tendon transposition patients – 62
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points (52-70), while pollicization patients’ functional performance following
the questionnaire assessment was 60 points (56–64). Statistical processing of the
results of DASH and PEDI questionnaires resulted in no statistically significant
difference (p > 0.05) because the number of patients in the comparable groups is
too small. It is possible to interpret these results according to the standards
approved by the questionnaires DASH and PEDI.

Chart 3.2. Operation types and functional evaluation
Analysis of visual analogue scales aesthetic VAS(v) and performance
VAS(f)
The VAS(v) scale rating is measured at points 1 to 10 where fewer points
correspond to a better score. The VAS(v) data collection shows that weaker
results are in the pollicization group of patients. This assessment is related to
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setting up a four-finger hand in patients following pollicization surgery. An
average visual assessment of the thumb of the EIP transposition group is 2.85
(1–9) shows that II and IIIa grade hypoplasia thumbs are only slightly smaller
than the normal arm’s thumb, and a good-looking thumb is obtained during
finger stabilisation. Assessment of the toe-to hand transplant group is considered
to be very good, although the second toe of the leg is significantly different from
the thumb (see chart 3.3). Perhaps the high assessment is given directly by the
creation of a five-finger hand, which seems essential in the eyes of patients and
their parents.

Chart 3.4. Aesthetical evaluation by patients and parents (Does
reconstructed thumb looks like a thumb?)
The score of the VAS(f) is measured at points 1 to 10, where fewer points
correspond to a better score. The VAS(f) data collection shows that the results are
very similar across all patient groups. The weakest results were observed in
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patients with grade IIIa hypoplasia (see Chart 3.4). The results of the visual
analogue scale (VAS (v) and VAS (f)) have not produced a statistically credible
difference (p > 0.05) between the comparable types of surgery because the
number of patients in the groups is too small.

Chart 3.4. Aesthetical evaluation by patients and parents (Does
reconstructed thumb works as a thumb?)
Analysis of functional data
Analysis of the functional data was performed with 9 patients aged 3 to 7
years and the results compared to the average age rate norm (see Chart 3.5).
There was a statistically probable difference between the results of patient grip
force and normal variant (p = 0.018) using independent samples T-test. The
results suggest that surgery patients get finger and hand functionality after thumb
reconstruction, which differs significantly from patients without congenital
deformation. Congenital hypoplasia of the thumb is not just an isolated
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deformation of the first finger, but the functionality of the other hand, specifically
the radial side muscle, as well as the second and third fingers, plays an essential
role in securing the grip of the hand. Comparing grasp force measurement data
for the healthy and sick arm, 7 out of 18 patients were found to have better results
directly for the healthy arm, the results of the operated arm were better for only
two patients, respectively, following the patients with a second toe-to hand with
MTP joint arthrodesis transplant method operation and one patient after
pollicization. On the other hand, the four patients in our group had identical
measurements of force grip on both hands.

Chart 3.5. Functional outcome
The results of pinch force measurements for the healthy arm were better
for 8 patients out of 18, only in one case force of the pinch grip was seen higher
than in the healthy arm. Identical measurements of the strength of pinch in both
hands were observed in four patients. Five patients could not perform a
functional performance assessment, due to a thumb’s hypoplasia reconstruction
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in both hands. When comparing the dominant and non-dominant hand, no
significant differences in pinch and grasp force results were identified. The
healthy hand is superior to the sick hand, despite which one children use as the
primary. The grasp and pinch is provided by multiple combinations of muscles
and fingers, while hypoplasia patients are damaged not only by the thumbs
structures.

In order to assess whether visual assessments affect the number of
fingers in the hand, a questionnaire was compiled in three languages (Latvian,
Russian and English). The questionnaire is based on photographs of four
(pollicization) and five (transplant) fingers palm photographs. Respondents
should evaluate photographs of the foot of the hand and transplant method donor
site from 1 to 10, where 10 means an outstanding result. A total of 285
questionnaire results and average assessments have been obtained: for the toe-to
hand with MTP arthrodesis transplantation method, an average mark is 7.04
points, the pollicization method is 5.79 points and the foot of the donor site is
7.38 points (see Chart 3.6). For the toe-to hand transplant method, the lowest
assessment was 3 points, while the pollicization method had only 1 point. 210
respondents (73.68 %) believe that the better aesthetic result is post-transplant,
34 (11.93 %) post-pollicization. 41 surveyed (14.39 %) think aesthetics is equally
good after both surgery types (see Chart 3.7). Analysis of the data was carried
out by all respondents, as well as a comparison of the assessments by the second
toe-to hand with MTP joint arthrodesis transplantation method against
assessments of the pollicization method obtained. Paired Samples test was used
for statistical data analysis. Statistically reliable results have been obtained (p <
0.001) that respondents with a higher point score (7.04 points for the new method
and 5.79 points for the classical method) assess the transplantation method.
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Chart 3.6. Aesthetical outcome survey results

Aesthetical result evaluation
14%

Transplantation

12%

Pollicization

74%

Both methods equal

Chart 3.7. Aesthetical result evaluation after reconstructive surgeries
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DISCUSSION
Congenital thumb hypoplasia is a rare disease in incidences in 2:10000
life-born newborns a year. In the Republic of Latvia, it is difficult to obtain
accurate data on the deformation of the thumb because there is no unified system
for the register of congenital malformations. While performing a collection of
outpatient and hospital data from Riga Eastern Clinical University Hospital,
Children’s Clinical University Hospital and the Latvian Plastic, Reconstructive
and Microsurgical Centre, it was found that the number of congenital thumb
hypoplasia patients was on average 2 to 3 patients per year. In addition, combined
deformations such as radial longitudinal deficiency (RLD) (1:50 000) and other
complex congenital deformations are diagnosed. Second toe-metatarsal bone
transplantation for congenital thumb hypoplasia surgical treatment described in
2004, when a group of Taiwanese surgeons published a series of cases in 11
treated patients undergoing a second-toe metatarsal bone transplant to
reconstruct thumb [38]. Surgical method is based on the creation of a three-joint
thumb, as the MTP joint is maintained by the intrinsic musculoskeletal tension,
which provides stability. The functional results of the study are considered good,
although the average time for toe transplantation is 8 h (6.5–12). The application
time of the method developed in the microsurgery center is on average 4 h (4 –
4.05), which is more than twice as fast, as well as performing the operation on
the same doctor’s team. Asian people, due to cultural and religious differences,
chose to preserve a five-finger hand by reconstructing a thumb with a partial
unrounded or truncated fragment of metatarsal bone, because loss of a toe to
these patients is unacceptable. Chow et al. 2012. developed method is based on
non-vascularised fourth hemi-metatarsal bone transplant. The study published
results for 5 patients with 6 surgical thumbs. The operation is carried out in two
steps: the first phase has undergone an unrounded bone transplant and, in the
second phase, a musculoskeletal reconstruction. The published results are judged
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as good, although the amount of the thumb movements can only be achieved on
the first CMC joint, growth in length is reduced. This method is also
characterised by a number of complications such as graft instability, fracture.
Chow et al. 2012. results for patients operated – strength grip on the operated
arm of 6.5 kg, a margin of 10.5 kg, a difference of 4.12 or 61.9 % of the healthy
arm. Their results for pinch on the operated arm was 1.25 kg and for the healthy
arm was 3.25 kg, demonstrating a difference of 2.00 or 38.4 %. The results
obtained are compared to the second-toe to hand transplantation with the MTP
joint arthrodesis method developed by the MC – grip force on the operated arm
– 16 kg, healthy arm 18.5 kg, vs. difference of 2.5 or 86.4 % of the healthy arm,
but pinch force on the operated hand – 0.75 kg, healthy arm 4 kg, vs. difference
of 3.25 kg or 18.9 % of the healthy hand. The results of both methods are
comparable, but supposedly a hemi metatarsal transplant is more suitable for
Asian people, because there is no loss of toes relevant to Asian cultural and
religious representatives. Functionality is provided by healthy, second to fifth
fingers, but in radial longitudinal deficiency (RLD) patients, the second, third
and even fourth fingers are often with contractions and movement limitations.
Consequently, a second toe transplant with an MTP joint arthrodesis method can
offer better functional results. Partial fourth metatarsal bone transplant method
for the reconstruction of the thumb hypoplasia IIIb has been described in separate
cases [33], but the results have not been evaluated. It is stressed that one of the
functions of the finger is possible – growth in length, which is significantly
smaller than the other hand, and has not been evaluated in the foot of the donor.
A partial metacarpal bone transplantation method is applicable for the correction
of grade IIIb and IV hypoplasia, but not applicable for the adjustment of grade V
(thumb aplasia patients). The method using the second MTP joint transplant for
reconstruction of thumb hypoplasia IIIb was described by Foucher et al. 2001.,
when an overview of cases in 3 patients was published. The results of the method
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are described as good, a stable thumb obtained that provides a pinch and grasp.
However, functional results compared to the second-toe to hand transplantation
with the MTP joint arthrodesis method and the method of non-vascularised
second metacarpal bone transplantation are to be assessed below – a grasp of 40
% of the healthy hand and the grip of pinch of 10 % of the healthy hand. For the
method developed in the microsurgical center, a grasp of 86.4 % of the whole
hand and a pinch of 18.9 % of the whole hand.
Classical method of surgery in the reconstruction IIIb-V of the thumb
hypoplasia is pollicization or placing the second finger of the hand in the position
of the first finger. Good functional results of the method and the relatively short
times of the operation clearly show the choice of pollicization as the first method
of reconstruction in most parts of the world. Cultural and religious aspects of
keeping all fingers, whatever they may be, have contributed to the development
of methods of reconstructing metatarsal bones (vascularised or nonvascularised), although the functional result for the newly formed thumb is weak,
all fingers of hand and leg are maintained [5]. In a study Tan and Tu 2013.,
comparing the method of second-toe metatarsal bone transplantation with the
classical pollicization method, significant differences in the time of surgery were
identified – the average duration of surgery in the transplant group – 8 h (6–12),
but in the pollicization group – 2.6 h (2–3.5). 80 % of the patients judged the
result after finger pollicization to be very good, while in the transplant group only
60 % of the results were assessed as good. Functional results for the volume of
movement were better in pollicization patients at 74° (60 to 90°) and 61° (35 to
85°) in transplant patients. Although the study does not accentuate the joint for
which measurements have been performed, it can be concluded, when assessing
the description of the operation and the images included in the article, the volume
of movements is provided by the stabilized MTP joint [34, 38]. Duration of the
operations of patients operating using the second toe with MTP joint arthrodesis
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transplantation method, the surgery time – 4 h (4–4.05) but, using the
pollicization method, the duration of the operation was 1.5 h (50 min–3.5 h).
Aesthetic result assessment shows that the appearance of pollicization is lower.
Functional results, including range of motion, transplant methods in patients
were IP joint 27.5° (10 to 45 °), MCP joint 70° (50 to 90°) and CMC joint 17.5°
(15 to 20°), while pollicization group – IP 51.6 ° (10 to 85 °), MCP 70 ° (30 to
90°) and CMC joint 18.3° (15 to 20°).
Use of second toe-to-hand with MTP joint arthrodesis makes it possible
to maintain a functional five-digit hand. The aim of the study was to collect
functional and aesthetic results about the treatment methods applied and to
perform a comparative analysis of the data. The analysis of study data is
complicated by the relatively small number of patients (18 patients over 10
years), as well as the various surgical techniques applied that break up the groups
of patients. When compiling functional and aesthetic results for patients in the
IIIb-V hypoplasia group, it was concluded, that functional results did not differ
significantly between pollicization and second toe with MTP joint arthrodesis
transplantation groups, but patients and their parents significantly better evaluate
aesthetic results in the transplant group, despite, losing a toe. Assessment of
VAS(v) and VAS(f) concluded that transposition of the EIP tendon for
reconstruction of grades IIIa and IIIb of hypoplasia do not produce good results.
Possibly, in patients with IIIa, IIIb and perhaps also grade IIc deformation, one
of the methods of replacement of the first finger should be selected: second-toe
to hand transplantation with a metatarsophalangeal joint arthrodesis or
pollicization. In evaluating the results of VAS(v), it was concluded that patients
in the transposition and transplantation groups had better assessment than
patients in the pollicization group. The biggest difference in the groups of these
patients is that pollicization patients have four-digit, and five-digit hands in
transplant and transposition groups. A hypothesis was raised – the second-toe to
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hand transplantation with MTP joint arthrodesis method for the reconstruction of
grade IIIb-V hypoplasia is surgically more complex and with longer surgery and
hospitalization time but provides equivalent functionality and enhances aesthetic
appearance as a classical pollicization method. A questionnaire was distributed
among patients in Latvia, with 285 members participating [32]. The results of the
questionnaire, with a statistically trustworthy result, showed that the survey
participants better assess the aesthetic results of the transplantation method. Until
now, only Asian people, due to cultural and religious differences, chose to
preserve a five-digit hand by reconstructing a thumb with a partially rounded
fragment of metatarsal bone, because loss of a toe to these patients is also
unacceptable [11]. Goldfarb et al. 2007. study compared the aesthetic results of
pollicization with a normal thumb, putting assessment on the child’s parents, a
surgeon and a hand therapist. The results obtained showed that none of the
created thumbs were assessed as normal. The VAS scale applied, and the results
obtained were 6.6 (4.7 to 9.7) (maximum marking 10) are very similar to the
results of pollicization operations carried out in the MC. The main shortcomings
observed in the reconstructed thumbs: too small, too short or long the newly
created first finger. However, it should be assumed that not only the newly
formed thumb [12], but also the total appearance of the whole hand, namely the
creation of a hand of four or five fingers, will play an important role in ensuring
visual appearance. For hand functionality, the function of both the thumb and
other fingers is essential, leading to the ability of a person to grasp large and
small objects. Historically, the most important function has been to reconstruct
the thumb to improve a patient’s work capabilities, as the first finger provides up
to 50 % of the hand’s functionality. At least a stable, minimally functional,
preferred, sensitive thumb is required to ensure hand functionality. The motility
of the other fingers of the hand, third, fourth and fifth, while interacting with the
thumb, gives both the grip of grasp and pinch [25]. This historical postulate was
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long considered the basis for a thumb reconstruction, but the question arises
whether modern people need a stable, minimally functional thumb that gives the
hand the ability to grasp and hold heavy objects, creating an opportunity to work
with a shovel, axe or hammer; whether there is a less agile thumb more important
to modern man, but with possible movements – both flexion and extension,
abduction and adduction. Perhaps, this less powerful thumb, using touch-sensing
devices, mobile platforms [16] for modern day human is much more useful than
a stable minimally functional thumb.
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CONCLUSIONS
1.

Use of the new method for second leg transplant with MTP joint arthrodesis
provides patients with congenital hand IIIb-V hypoplasia with stable and
functional thumb formation, which provides good functional results and is
comparable to clinical results of the pollicization method, while ensuring the
creation of a five-digit hand.

2.

Surgery time of the second toe-to hand transplant with MTP joint arthrodesis
(new) method is longer than the surgery time of the pollicization method,
and the patient location time at the hospital is higher than the pollicization
methods operated for patients.

3.

Second toe-to hand transplant surgery with MTP joint arthrosis (new)
method provides creation of a five-digit functional hand, providing a better
aesthetic outcome than the pollicization method.

4.

Achieved aesthetic look of the five-digit hand, when reconstructions are
performed with the new surgical method, is better than the acquired aesthetic
look of the four-digit hand, when reconstructions are performed with the
classical pollicization method.

5.

Reconstruction of hypoplasia at grade II and IIIa of the congenital hand
deformities, using the EIP tendon transposition method, shall ensure the
establishment of a functional thumb.

6.

Post-operative functional parameters of congenital hand hypoplasia patients,
regardless of the surgical method, are worse than the functional results of
the hand of healthy patients.
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