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Objectives: We retrospectively evaluated replantations
performed for distal amputations.
M e t h o d s : The study included 82 patients (75 males, 7
females; mean age 29 years; range 10 to 52 years) who
underwent replantations distal to the distal interphalangeal
joint for a total of 98 amputations. According to the Ta m a i
classification, there were 58 zone 1 and 40 zone 2 amputa-
tions. Local digital anesthesia was used in 77 patients
(93.9%). Arterial anastomosis was accomplished after bone
fixation, and venous anastomosis and nerve repair were per-
formed whenever possible. When venous anastomosis was
not possible or in case of venous insuff i c i e n c y, venous
decompression was performed with heparinized gauze
placed on the bleeding nail matrix. Functional results and
the degree of patients’ satisfaction with the cosmetic out-
come were evaluated. The mean follow-up was 16 months
(range 3 to 46 months).
Results: Replantation was successful in 60 a m p u t a t i o n s
(61.2%) and unsuccessful in 38 cases (38.8%). In suc-
cessful cases, cosmetic results were satisfactory due to the
preservation of the nail and finger length. Functional
results were satisfactory in cases in which the distal inter-
phalangeal joint could be preserved. Replantations for
zone 1 amputations (74.1%) yielded better results than
those performed for zone 2 amputations (42.5%).
Conclusion: Despite technical difficulties, replantations
for distal finger amputations can provide satisfactory
functional and cosmetic results.
Key words: Amputation, traumatic/surgery; finger injuries/
s u rgery; microsurgery/methods; replantation.

Amaç: Distal uç amputasyonlar›nda uygulanan replantas-
yonlar geriye dönük olarak de¤erlendirildi.
Çal›flma plan›: Distal interfalangeal eklem distal sevi-
yesinde total amputasyon geliflen 82 hastan›n (75 erkek,
7 kad›n; ort. yafl 29; da¤›l›m 10-52) 98 parma¤›na uygu-
lanan replantasyonlar incelendi. Tamai s›n›flamas›na gö-
re amputasyonlar›n 58’i zon 1, 40’› zon 2’de idi. Ye t m i fl
yedi (%93.9) hasta digital blok anestezisi alt›nda ameli-
yat edildi. Kemik fiksasyonunu takiben arter anastomo-
zu ve mümkün olan olgularda ven anastomozu ve nöro-
rafi yap›ld›. Ven anastomozu yap›lamayan veya anasto-
moz yap›lmas›na karfl›n venöz yetmezlik oluflan olgular-
da t›rnak yata¤›na i¤neyle aç›lan delikler üzerine hepari-
nize gaz konarak iki saatte bir heparin uyguland›. Hasta-
lar›n fonksiyonel durumu ve kozmetik aç›dan memnuni-
yeti de¤erlendirildi. Ortalama takip süresi 16 ayd› (da¤›-
l›m 3-46 ay).
Sonuçlar: Altm›fl replantasyon (%61.2) baflar›l›, 38 rep-
lantasyon (%38.8) baflar›s›z bulundu. Baflar›l› sonuç al›-
nan olgularda, t›rna¤›n ve parmak uzunlu¤unun korunma-
s› nedeniyle kozmetik olarak tatmin edici görünüm sa¤-
land›; distal interfalangeal eklemi korunan olgularda
fonksiyonel aç›dan tatminkar sonuçlar al›nd›. Zon 1 am-
putasyonlardaki baflar› oran›n›n (%74.1) zon 2 amputas-
yonlara (%42.5) göre daha yüksek oldu¤u gözlendi.
Ç›kar›mlar: Distal uç replantasyonlar›, teknik zorluklara
karfl›n görünüm ve fonksiyonel aç›dan tatmin edici sonuç-
lar verebilmektedir.
Anahtar sözcükler: Travmatik amputasyon/cerrahi; parmak
yaralanmas›/cerrahi; mikrocerrahi/yöntem; replantasyon.
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Due to the small size of the arteries and as well as
venous problems, replantation of amputations distal
to the distal interphalangeal (DIP) joint is technical-
ly difficult. The advances in microvascular surgery
techniques have made distal replantations possi-
ble.[1,2] In this study, replantations carried out in
amputations distal to the distal interphalangeal (DIP)
joint were restrospectively evaluated.  

Patients and methods 
Between 2000-2004, 98 replantations were car-

ried out on 82 patients (75 males, 7  females), with
mean age 29 (10-52). Total amputations distal to the
DIP joint level were taken into the evaluation.
Subtotal ampuations were not included in the study.
Twelve patients underwent 2, and 2 patients under-
went 3 digit replantations. The injury occurred on
the right hand in 45 (54.9%), and left in 37 (45.1%
patients). The injured finger was the thumb in 8
(8.2%), second finger in 35(35.7%), third finger in
35 (35.7%), fourth finger in 16 (16.3%) fifth finger
in 7 (7.1%). The distal tip amputations were classi-
fied according to the Tamai classification (1,3-6).
According to this, 58 (59.2%) of the amputations
were in Zone 1, and 40 (40.8%) in Zone 2. Prior to
the admission of the patient to the operating room,
the amputated part  was examined for the availabili-
ty of the vascular structures for replantation. The
operation was carried out under general anesthesia
in 2 patients (2.4%), axillary block in 3 (3.7%), and
digital block in 77 (93.9%). The patients received
500 cc Rheomacrodex infusion adjusted to be
infused over 24 hours, low molecular weight
heparin, and antibiotic prophylaxis with cephazoline
sodium. No osteosynthesis was made 12 of the Zone
1 injuries. In Zone 2 amputations, arthrodesis was
made in 18 amputations in which the DIP joint was
severely damaged, whereas minimal osteosynthesis
with K wires was made in the remaining. In cases
with nail bed injury, the nail bed was repaired wit
6/0 chromic catgut. After a portion of the skin was
sutured, the corresponding arteries in the amputate
and stump were prepared, and anastomosed with
10/0 Ethilon sutures. Four fingers in Zone 2 group
had both digital arteries repaired. Vein grafts were
used in 5 fingers, and one finger received artery graft
harvested from the contralateral side.  In Zone 1
amputations, one artery was repaired, and no artery
or vein grafts were used. Due to the small size of the
vessels, the number of anastomotic sutures were

less, using 4-5 suture per anastomosis. Venous repair
was not possible in 12 patients with injury in Zone
2. In the distal interphalangeal joint or distal to it, the
volar veins were preferred over the dorsal, due to
their larger diameter. In cases in which venous anas-
tomosis was not possible, or cases with venous
drainage insufficiency despite venous repair, the
nailbed was punctured with needles and was covered
with heparinized gauze, which was replaced every
two hours. Leeches were applied in cases which did
not respond to the above stated methods. Twelve
amputations in Zone 2, and 3 amputations in Zon 1
had one nerve repair, and 5 amputations in Zone 2
had bilateral nerve repair.  The skin was loosely
closed. In the postoperative period, the patients
received Rheomacrodex 500 cc per 24 hours, low
molecular weight heparin, cephazoline sodium and
analgesics. Mean  length of stay was 5 days.
Successful replantations were evaluated with respect
to function, and the patients’ satisfaction regarding
cosmesis were asked. Mean follow up was 16
months (range 3-46 months)

Results
Replantation was successful in 60 fingers

(61.2%), and failed in 38 (38.8%). There were 23
(57.5%) failures in Zone 2 replantations. In failed
replantation cases, 13 were repaired with cross-fin-
ger flap, 24 with stump closure, and 1 with V-Y
advancemement flap. Postoperative evaluation
revealed that all of the 6 patients who had successful
replantation with arthrodesis had satisfactory range
of motion, and the patients were satisfied with the
cosmetic results ( Figure 1,2).  

Discussion
There are numerous techniques for the treatment

of distal tip amputations. Primary repair with or
without bony shortening, local flaps, regional flaps,
free flaps, neurovascular island flaps, composite
grafts, and skin grafts. These techniques however,
may have complications such as unesthetic
appearence, shortness og the finger, persistent pain,
h y p e r s e n s i t i v i t y, cold intolerence, sensory loss,
hypesthesia, paresthesia, soft tissue atrophy, absence
of nail, nail deformity, decreased range of motion,
decreased power grip, Some of the above techniques
require a second stage operation. Donor site prob-
lems and cosmetic problems may oocur in the donor
finger. [2,4,5,7] In successful distal tip replantations, the
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finger length and the nail was preserved, and in most
patients the preservation of the DIP joint led to sat-
isfactory functional results. However, as the amputa-
tion level goes more distally, the vessel diameter
decreases, rendering the anastomosis technically
more difficult.[1,2,4,5]

The most common classification used in the dis-
tal phalanx amputations is the Tamai classifica-
tion.[1,3-6] In this classification, the distal phalanx is
separated into two. The distal part ( Zone 1) is from
the nail bed to the tip; and the proximal part (Zone
2) is the from the nail bed to the DIP joint.  There are
3 main arterial arches in the finger.  Distal and prox-
imal arches are related to the proximal and distal
cruciate ligament arms. The distal arch is immedi-
ately distal to the flexor digitorum superficialis
insertion. The digital artery diameter is between 0.4-
0.7mm at the basis of the distal phalanx.  The diam-

eter of the terminal vessels are between 0.3-
0.7mm.[8] At the level of the finger pulp, the distal
central artery is the most suitable vessel for
microvascular surgery.[5] At the level of the proximal
phalanx, the dorsal veins are larger compared to the
volar veins, whereas at the DIP joint level the volar
veins are larger than the dorsal veins.[9]

Hirase[10] classified distal tip replantations and
determined the treatment. He divided the nail bed
level into three parts The first part is the fingertip
region, where the digital artery gives the terminal
branches. Composite grafting is suggested for ampu-
tations at this level. The second part  includes the
distal palmar arch of the digital artery. To avoid
interference with venous drainage through the
medullary cavity, bony fixation is not recommended
at this level. Central digital artery anastomosis is
recommended, however no treatment is suggested

Figure 1. Zone I amputation of third and fourth finger of 26 year old male patient due to machin-
ery-tool in workplace. The view before (a) and 16 months after the operation (b).

( a ) ( b )

Figure 2. Zone I oblique amputation of second finger of 24 year old male patient due to accident
in workplace. The view before (a) and 8 months after the operation (b).

( a ) ( b )
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for venous drainage. The third part is the proximal
aspect of the nail bed.  Drainage in replantations at
this level are done with the application of
heparinized gauze to the nailbed or leeches. 

Koshima et al.[10] reported the arteriovenous anas-
tomosis technique to solve the problems of the arte-
rial system and venous drainage. Yamano[11] used uri-
colysis during the first 7 days, followed by
heparinized gauze application and heparin and saline
drips to a fish mouth incision made in the pulp.
Akyurek et al.[5] in their series of 21 patients with
amputation at the distal nail bed level, reported that
they performed single artery anastomosis, and no
venous or nerve anastomosis. In their study, venous
drainage was achieved with only bloodletting, and
the success rate was 76%. In our study, success rate
of Zone 1 amputations (74.1%) were superior to
Zone 2 amputations (42.5%). We believe that the
greater failure rate in Zone 2 replantations is due to
venous insufficiency. At this level, the dorsal veins
are too small, and the volar veins inadequate.
Venous drainage through the nailbed may not suf-
fice. In Zone 2 replantation, effort was shown to
make at least one or two vein anastomosis. As in
Zone 2, the greatest problem in Zone 1 is venous
drainage. In Zone 1 replantations, 8 (14%) had one
venous anastomosis on the volar aspect. Venous
repair may not be possible at this level due to the
small diameter of the veins at this level and the
immobility of the skin and nailbed on the dorsal
side. Venous drainage was accomplished by the
application of heparinized gauze every two hours to
the sites punctured with needles. Leech therapy was
applied in conditions where the above treatment was
i n s u ff i c i e n t . These two treatments for venous
drainage gave successful results. One patient who
underwent two digit replantation and external
drainage required blood transfusion due to signifi-
cant bleeding. Anticoagulation in this patient was
ceased earlier when compared to other patients. 

In Zone 1 level replantations without osteosyn-
thesis, 10 of the 12 replantations (83.3%) were suc-
cessful. In these 12 amputations, the nailbed was
repaired first, followed by anastomosis of the central
artery. These cases had no venous repair. Although
arterial anastomosis distal to the nailbed was diffi-
cult, it was completed with 4 or 5 sutures using 10/0
suture material. 

In replantation cases where severe trauma neces-
sitated arthodesis of the distal interphalangeal joint,
there were 12 failures among a total of 18 replanta-
tions, with a failure rate of 66.7%. It was seen that
crush injuries that cause significant bone injury low-
ered the success rate. Five of the thumb replantations
(62.5%), and 16 (45.7%) of index finger replanta-
tions failed. Due to the significance of  the first two
fingers on hand function, priority was given to
replant these digits, even in severe injuries, which
lowered the replantation indications in these fingers. 

Four of the 5 replantations that had artery repair
with vein grafts failed. Vein grafts were used in Zone
2 injuries of the second and third fingers. 

In distal tip replantations, an acceptable sensory
recovery is possible,  even when the digital nerve is
not repaired.[5-12] Dubert et al.[2] Reported that there is
no significant sensory loss in distal tip replantations
without nerve repair.

In amputations distal to the lunula, blunt trauma
or crush injury did not cause a problem in nail
growth, as long as the injury did not destroy the ger-
minal matrix. Nail growth disturbances are more
common in injuries proximal to the lunula. A portion
of the cases had nail deformities. Hook, cleft, hump
nail deformities are possible.[6]

In conclusion, replantations at Zone 1 have high-
er success rates when compared to Zone 2. Function
and appearance are satisfactory in successful replan-
tations at both levels. 
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