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TWO-STAGE REPAIR OF FINGER FLEXOR TENDONS IN CHILDREN WITH CHRONIC
TENDON RUPTURES IN FIBRO-SYNOVIAL CANALS
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Two-stage repair is a well-developed method that is commonly used to repair chronic ruptures of flexor digitorum profundus
tendons. However, its use in pediatric hand surgery is limited due to the absence of tendon implants adapted for children.
The article describes a modified Paneva-Holevich/Hunter technique for two-stage tendon reconstruction using original, oval,
Lavsan-reinforced silicone prosthetic implants of four sizes (depending on patients’ age). The surgery was performed in
34 children aged 1.5-17 years. Long-term outcomes were assessed in 12 patients (8 boys and 4 girls) using the Total Active
Motion scale. The follow-up period was 30 months. The average active range of motion accounted for 178.8° in boys and
218.8° in girls. The results of treatment (TAM %) were considered good in all the girls (average score of 84.3 %), and in those
boys who received surgery for fingers IV and V (average score of 80.0 %). The boys who received tendon repair for fingers
Iland IIl had “good” and “poor” results (average score of 67.0 %). The proposed method of two-stage tendon repair of chronic
tendon ruptures in fibro-synovial channels in children was shown to provide good results with minimal complication rates and
acceptable donor site deficiency.
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ABYX3TAMHAS TEHAONAACTUKA CYXOXXUAUU CTUBATEAEN NAABLIEB
KUCTUY AETEU C BACTAPEABIMU NOBPEXXAEHUSIMU B 30HE ®UBPO3HO-
CUHOBUAADBHbBIX KAHAAOB
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' [eTckas ropoackas knmHmndeckasa 6onbHrua Ne 13 nmenn H. @. dunatoBa, Mocksa
2 PoCCcuUinckmi HaumoHarbHbI CCNeaoBaTeNbCKUA MEOVNLMHCKUN yHMBepcuTeT uMmern H. U. Muporosa, Mocksa

[ByxaTanHas TeHaonnacTnka — X0pOoLWOo paspaboTaHHbIN METOL NIeHeHWs 3aCTapesbiX MOBPEXOAEHUI CyXOXUANIA FTyOOKIMX
crmbaTenel nanbLEB KUCTU, OAHAKO ero MPUMEHEHWE B AETCKOW KUCTEBOW XMPYPriv OrpaHnY1MBaeTCs OTCYTCTBMEM aaanTupo-
BaHHbIX AJ151 AETEN 3HO0MPOTE30B CyXOXKNMA. B cTaTbe onmcaHa moandrkaums MeTofaa ABYX3TanHoM TeHaonaacTukm NaHe-
BOVI-XofeBun4 1 Hunter ¢ ncnonb3oBaHNeM OpUrMHaIbHbIX CUTMKOHOBBIX 9HAOMPOTE30B OBaSIbHOIO CEHEHNS!, apMUPOBAHHBIX
NIaBCaHOBOW IEHTOM, YETbIPEX TUMOPA3MEPOB, COOTBETCTBYIOLLMX PadN4HbIM BO3PACTHBLIM rpynnam. Bbian npooneprpoBaHb!
34 pebeHka B Bo3pacTe 1,5-17 neT, y 12 13 H1x (8 ManbymMkoB 1 4 0eBO4YeEK) Obiv OLEHEHbI OTAANIEHHblE PE3YNbTaThl Nneye-
HWUs no wkane Total Active Motion (cpok HabnopgeHnst — 30 mec.). CpeaHuin akTUBHBI 06 bEM ABVPKEHUI MOBPEXKAEHHOMO
nanbua B rpynne MansyiikoB coctaBua 178,8°, B rpynne aeBodek — 218,8°. Xopolune pedynetatsl nederus (TAM %) 6binn
OTMeYeHbI Y BCeX AeBO4eK (B cpeaHeM 84,3 %), a Takke y Ma/lbyMKOB, KOTOPbIM onepupoBanv IV 1 V nanblpl (B CpeaHemM
80,0 %). Y Manb4mkoB, koTopbiM oneprposanu |l v Il nanbubl, Habntoganm XxopoLve 1 Mnoxve pesynstaTthl (B cpeaHem 67,0 %).
[MpennoXkeHHbln MeToa, AByX3TarnHOM TEHAOMIACTVKLA MpY 3acTaperibiX MOBPEXAEHMSX CyXOXKMUn B 0b6aacT hrbpo3HO-Cu-
HOBMa/TbHbIX KaHaoB Y AETel NO3BOISIET AOCTUHYb XOPOLIEro pesyfsrata ¢ MUHMMabHBIMN OCIIOXKHEHVSIMU 1 MPUEMSIEMbIM
[OHOPCKUM AeULIATOM.
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Chronic ruptures of the flexor digitorum profundus tendons in
children remain a pressing issue of pediatric hand surgery. This
is a relatively uncommon injury [1], but its consequences are
extremely negative for children. Long-term results of treatment
remain unsatisfactory for a number of reasons: complexity of
the initial diagnostic assessment, a large number of missed
tendon injuries (up to 30 %); a small diameter of tendons,
which hinders the use of multiflament sutures and does not
allow the reconstructed tendon to achieve the desired strength.
In addition, the lack of cooperation and motivation in young
patients precludes early active rehabilitation [2, 3].

The most challenging is the injury of flexor digitorum
tendons in zone 2. This zone extends from the distal palmar
crease (proximal end of the first annular ligament, or A1 pulley)
to the middle of the middle phalanx. In this zone flexor digitorum
superficialis and flexor digitorum profundus tendons criss-cross
and glide into a narrow fibro-synovial canal. Injuries in zone 2
are associated with a high risk of scarring after surgical repair,
which prevents normal sliding of tendons [4-6]. Bunell [7] called
this zone “critical” and “no-man's-land” (Fig. 1).

Two-stage repair is a well-established method of flexor
digitorum profundus tendon repair in cases of extensive scarring
in the area of the fibro-synovial canal. Various modifications of
this method have been proposed [8-17]. However, the use of
this method in pediatric hand surgery is impeded due to the
absence of prosthetic implants adapted for children. Using
our experience in tendon repair according to Paneva-Holevich
[9, 10] and Hunter [8, 12] techniques, we have developed an
original method of two-stage repair with silicone oval Lavsan-
reinforced implants (developed jointly with Medsil, Russia).
The implants are available in four sizes for children of different
age. The use of these implants allows for the adaptation of
the existing protocols of postoperative passive and active
rehabilitation for children. Currently, a state patent for these
implants is being filed.
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Fig. 1. Location of zone 2 (no man’s land)

BULLETIN OF RSMU | 5, 2016 | VESTNIKRGMU.RU

The aim of the study was to assess the efficacy of treatment
of chronic flexor digitorum profundus tendon ruptures in children
using a modified two-stage repair and original implants.

METHODS

In 2010-2016, in the Department of Reconstructive
Microsurgery of N. F. Filatov Children’s Municipal Clinical
Hospital No. 13 (Moscow), there were 34 patients aged 1.5 to
17 years with chronic ruptures of flexor digitorum produndus
tendons in the fibro-synovial canal. Most tendon injuries were
caused by knives (n = 18), an edge of a metal fence (n = 11)
and glass (n = 5). The time of injury was approximately 54-90
days before admission.

Two-stage repair of flexor digitorum profundus tendons
was performed in all children. At the first stage we used a
Brunner zigzag skin incision (Fig. 2) that provided wide access
to the fibro-synovial canal. The canal was opened; scar tissues
and tendon remnants were excised. A-2 and A-4 pulleys were
retained or reconstructed. As opposed to Paneva-Holevich
and Hunter techniques, the proximal stumps of the flexor
digitorum superficialis and flexor digitorum profundus tendons
were retrieved and then sutured side-to-side and to the fibrous
tissues with moderate tension at the base of the proximal
phalanx. This enabled us to increase elasticity, improve the
contractile function of the injured flexors, and avoid the “muscle
tenotomy” effect. A silicone prosthetic implant was placed
under the retained or repaired pulleys. Its distal end was fixed
to the distal phalanx under the stump of the flexor digitorum
profundus tendon, and the proximal end was placed freely
under the flexor tendons on the palm (Fig. 3). Forimmobilization,
the patients wore the dorsal plaster splint for 4 weeks. Passive
range of motion exercises were started to achieve the full range
of passive flexion immediately after the first stage of repair.
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Fig. 2. Brunner zigzag incision
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Fig. 3. The first stage of flexor digitorum profundus tendon repair: fixation of the silicone prosthetic implant

Fig. 4. The second stage of flexor digitorum profundus tendon repair: fixation of the autograft

The second stage of repair was performed 2-2.5 months
later. Incisions were made in the distal phalanx, palm and middle
third of the forearm (Fig. 4). The flexor digitorum superficialis
tendon was retrieved from the middle third of the forearm, cut
and transferred to the palm. Using the prosthetic implant as a
guide, the autograft was passed through the canal to the distal
phalanx and fixed transosseously. The excess of the fibro-
synovial canal was dissected proximally to allow free movement
of the autograft. Proximal tendon suturing was performed using
the Pulvertaft technique. The graft tension was adjusted so that
the repaired finger was at less angle of flexion than adjacent
ulnar finger.

In the postoperative period, patients wore the dorsal plaster
splint (flexion at the radiocarpal joint was 30°, flexion at the
metacarpophalangeal joints was 70°) for 5 weeks. Range of
motion exercises and physiotherapy were started on day 3
after the surgery. We used early active-passive mobilization in
our rehabilitation program.

The results of treatment were assessed with the scale (Total
Active Motion) scale. The total range of motion was determined

as the sum of the angles of active flexion in the operated finger
joints. The score was calculated as the ratio of the damaged
finger TAM to the healthy finger TAM multiplied by 100 %.
A score of 100 % was considered “excellent”; a 75-99 % score
was considered “good”; a 50-74 % score was considered
“satisfactory”, less than 50 % score was considered “poor”.
The long-term results were evaluated in 12 of 34 patients (30
months of the follow-up).

RESULTS

Table shows the long-term results of treatment of 12 children
with chronic ruptures of flexor digitorum profundus tendons
measured by the range of active motion using the TAM
scale. According to the absolute TAM value, the active range
of motion was by 40° greater in boys than in girls. Excellent
results were seen in boys who had received repair of finger
tendons IV and V (average score of 80 %), good and poor
results were seen in patients who had received repair of finger
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Long-term results of surgical treatment of children with chronic ruptures of flexor digitorum profundus tendons by two-stage repair using tendon silicone prosthetic

implants (assessed with Total Active Motion scale)

No. Age Finger TAM® TAM %
Boys
1 3.0 11l 115.0 44.0
2 3.0 I 210.0 67.0
3 3.3 1] 180.0 69.0
4 4.0 \% 190.0 79.0
5 5.0 \% 185.0 86.0
6 12 Il 195.0 72.0
7 15 \ 195.0 75.0
8 17 1.1 160.0 44.0
M 7.8 - 178.8 67.0
Girls
9 2.3 \% 200.0 81.0
10 4.0 110 195.0 75.0
11 4.5 \ 230.0 85.0
12 12 11l 250.0 96.0
M 5.7 - 218.8 84.3

tendons Il and Ill (average score of 67 %). Good results (84 %)
were observed in all girls.

DISCUSSION

Two-stage repair of chronic ruptures of flexor digitorum
profundus tendons in adults is a well-established method
with detailed postoperative rehabilitation protocols. However,
this method has not been properly adapted for children. A
characteristic anatomical feature of children is a small size of
the flexor tendons and the fibro-synovial canals. In addition,
young children have a low ability for cooperation. We believe
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