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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 
II and III 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.

Двухэтапная тендопластика сухожилий сгибателей пальцев 
кисти у детей с застарелыми повреждениями в зоне фиброзно-
синовиальных каналов

Two-stage repair of finger flexor tendons in children with chronic 
tendon ruptures in fibro-synovial canals

Двухэтапная тендопластика — хорошо разработанный метод лечения застарелых повреждений сухожилий глубоких 
сгибателей пальцев кисти, однако его применение в детской кистевой хирургии ограничивается отсутствием адаптиро-
ванных для детей эндопротезов сухожилий. В статье описана модификация метода двухэтапной тендопластики Пане-
вой-Холевич и Hunter с использованием оригинальных силиконовых эндопротезов овального сечения, армированных 
лавсановой лентой, четырех типоразмеров, соответствующих различным возрастным группам. Были прооперированы 
34 ребенка в возрасте 1,5–17 лет, у 12 из них (8 мальчиков и 4 девочек) были оценены отдаленные результаты лече-
ния по шкале Total Active Motion (срок наблюдения — 30 мес.). Средний активный объем движений поврежденного 
пальца в группе мальчиков составил 178,8°, в группе девочек — 218,8°. Хорошие результаты лечения (TAM %) были 
отмечены у всех девочек (в среднем 84,3 %), а также у мальчиков, которым оперировали IV и V пальцы (в среднем 
80,0 %). У мальчиков, которым оперировали II и III пальцы, наблюдали хорошие и плохие результаты (в среднем 67,0 %). 
Предложенный метод двухэтапной тендопластики при застарелых повреждениях сухожилий в области фиброзно-си-
новиальных каналов у детей позволяет достичь хорошего результата с минимальными осложнениями и приемлемым 
донорским дефицитом.
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Fig. 1. Location of zone 2 (no man’s land) Fig. 2. Brunner zigzag incision
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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 multifilament 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.

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). For immobilization, 
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. 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 

Fig. 3. The first stage of flexor digitorum profundus tendon repair: fixation of the silicone prosthetic implant

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° ТАМ %

Boys

1 3.0 III 115.0 44.0

2 3.0 II 210.0 67.0

3 3.3 III 180.0 69.0

4 4.0 IV 190.0 79.0

5 5.0 IV 185.0 86.0

6 12 II 195.0 72.0

7 15 V 195.0 75.0

8 17 II. III 160.0 44.0

М 7.8 – 178.8 67.0

Girls

9 2.3 IV 200.0 81.0

10 4.0 II. III 195.0 75.0

11 4.5 V 230.0 85.0

12 12 III 250.0 96.0

M 5.7 – 218.8 84.3

tendons II and III (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 

that our original Lavsan-reinforced tendon silicone prosthetic 
implants matching patients’ age allowed us to successfully 
adjust the existing protocols of postoperative rehabilitation to 
low cooperative abilities of children.

 
CONCLUSIONS

A modified two-stage repair with the original tendon silicone 
prosthetic implants, adaptation of rehabilitation protocols to the 
behavioral characteristics of children, and close postoperative 
monitoring provided good long-term results of treatment 
regardless of patients’ age and sex.
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