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INTRODUCTION

Since Komatsu and Tamai [1] reported the successful replanta-
tion of a completely amputated digit in 1968, microsurgical 
techniques and related knowledge have rapidly advanced, and 
some centers have achieved success rates approaching 90% [2-
5]. Many authors now emphasize the functional recovery of the 

restored part, rather than its mere survival, as a significant index 
of success, and insist on the integrity of bone and soft tissue and 
long-term results of motion as the better criteria for evaluating 
outcomes [4,6,7].

The foundation of successful functional results is adequate 
bone reduction and stability, which can permit early motion 
and future union [7]. Regrettably, problems associated with 
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bone union have occurred at a rate as high as 30% to 40% in 
some reviews [8].

Bone fixation methods for replantation should be applied in a 
way that is relatively simple, rapid, and consistent, such that they 
require minimal injury to bone and soft tissue [9,10]. Of the 
many bone fixation methods, single longitudinal K-wire fixation 
is the best method in terms of rapidity and application, but 
many hand surgeons do not consider the method suitable for 
replantation.

Since there are limited comparative replantation studies on the 
long-term outcomes of bone fixation methods, we have con-
ducted a retrospective study of the digits that were successfully 
replanted at our center, and analyzed the relationship between 
skeletal fixation and bone complications. The radiological and 
clinical results of bone fixation methods involving Kirschner 
and intraosseous wires and final bone consequences regarding 
the frequency and percentage of nonunion and reoperation for 
bone correction were investigated. We have compared the re-
sults regarding bone complications between single K-wire fixa-
tion and other methods in digital replantation. 

METHODS

A single institutional study was conducted retrospectively for 
patients who successfully underwent digital replantation opera-
tions (n = 1,247) from July 2009 to September 2015. A retro-
spective analysis of the medical records of 992 patients was con-
ducted, and demographic information regarding patient age, 
gender, specific injured body part, fracture type, and operation 
records was collected. 

We have retrospectively selected the amputations with middle 
and proximal phalanx in an attempt to confine analysis to a rela-
tively homogenous group, and to reduce variability resulting 

from differing injury levels or severity. Injuries with intra-articu-
lar fracture and bone defect—the largest group of patients, ac-
counting for almost 80% of the replanted digits—were excluded 
from the study. We conducted a study of patients with at least 5 
months follow-up with adequate lateral radiographic films.

Following replantation without a bone shortening procedure, 
the patients wore short arm splints for 2 weeks. After removing 
the splint, the patients were allowed free finger movement. Be-
fore postoperative 3 weeks, physical therapy was initiated. We 
measured the anterior, posterior, and lateral views of X-rays for 
bone union and angular deformity, as explained by Coonrad 
and Pohlman [11], and evaluated initial films performed within 
postoperative 7 days of replantation and the second X-rays be-
fore the beginning of physical therapy. X-rays were performed 
every 4 weeks for evaluation of union. In all patients, bone 
union was confirmed by radiographic study (visible fracture gap 
and sclerosis) and physical examination (pain and instability) at 
5 months after the operation.

Patients were grouped according to 5 general fixation meth-
ods. The final results of bone fixation were compared for single 
K-wire, cross K-wires, double longitudinal K-wires, and intraos-
seous wires supported with and without K-wires (Fig. 1). Clini-
cal results, including nonunion, angulation, and additional sur-
gery such as corrective osteotomy or bone graft, were compared.

IBM SPSS ver. 22.0 for Windows (IBM Co., Armonk, NY, 
USA) was used for statistical analyses of the data, and P-values 
were determined using the logistic regression analysis, the chi-
squared test and the Kruskal-Wallis test to demonstrate out-
come differences across the groups. P-values under 0.05 were 
considered statistically significant. For comparing the complica-
tions followed by single K-wire fixation method and other 
methods, odds ratios were calculated, and 95% confidence in-
tervals were applied where appropriate.

Fig. 1. Techniques of bony fixation

(A) Single K-wire. (B) Cross K-wires. (C) Double longitudinal K-wires. (D) Intraosseous wire with K-wire support. (E) Intraosseous wire.
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RESULTS 

Of the 992 patients identified in the review, inclusion criteria 
were applicable for 88 patients (103 replanted digits). The mean 
age was 47 years (range, 2–77 years old). The population was 
composed predominantly of males, and 54% of digits had proxi-
mal phalanx level injuries (Table 1). Single K-wire fixation was 
used in 40 digits, double longitudinal K-wires in 30 digits, and 
cross K-wire fixation in 14 digits. Intraosseous wire with K-wire 
and intraosseous wire without K-wire were required in 15 and 4 
digits.

Nonunion
Nonunion for each method is shown in Table 2. Nonunion was 
observed in 32 digits (31%). The highest rate of nonunion was 
observed after cross fixation (36%) and the lowest after wire 
alone (25%). No statistically significant difference was observed 

among the 5 groups (chi-squared test, P = 0.991), and statistics 
between single K-wire fixation and the other 4 methods were 
insignificant (chi-squared test, P > 0.05). 

Angulation 
The results comparing the 5 methods are shown in Table 3. The 
duration of fixation was similar in all groups (6.2 weeks), and 
the mean degree of angulation in all digits was 13.8°. The largest 
degree of angulation was observed in intraosseous wire alone 
(20.9°) and the smallest after single K-wire fixation (12.9°). 
Neither posteroanterior (PA) nor the lateral plane showed sta-
tistical difference in all groups (Kruskal-Wallis test, P = 0.388).  

Secondary operation
Thirteen patients underwent a secondary operation due to non-
union, angular deformity, or clinical symptoms. There was no 
secondary operation after wire alone, and the greatest number 
of secondary operations after cross K-wires fixation (29%). In 
the chi-squared test, there were no significant differences in the 
secondary operation rate depending on the fixation methods 
(P = 0.556) and statistics between single K-wire fixation and the 
other 4 methods were not significant (chi-squared test, P > 0.05) 
(Table 4).

DISCUSSION

A variety of methods are available for bone fixation. The type of 
phalangeal fixation in digital replantation has an influence on 
the operation duration, possibility of early movement, and func-

Characteristic No. (%)

Sex
   Male 73 (83)
   Female 15 (17)
Age
   0–29 5 (6)
   30–39 9 (10)
   40–49 28 (32)
   50–59 39 (44)
   Older than 60 7 (8)
Injured hand
   Right hand 38 (43)
   Left hand 50 (57)
Injured finger
   Thumb 8 (8)
   Index finger 27 (26)
   Middle finger 34 (33)
   Ring finger 24 (23)
   Little finger 10 (10)
Injured level
   Middle phalanx 47 (46)
   Proximal phalanx 56 (54)

Table 1. Demographic information of patients with 
proximal and middle phalanx replantation

Group Method (digits) No. (%) Odds ratioa) (95% confidence interval) 
(compared to Group I) P-valueb)

I Single K-wire (40) 12 (30) - -
II Cross K-wires (14) 5 (36) 1.30 (0.36 to 4.69) 0.692
III Double longitudinal K-wires (30) 9 (30) 1.00 (0.36 to 2.81) 1.000
IV Intraosseous wire with K-wire (15) 5 (33) 1.17 (0.33 to 4.15) 0.812
V Intraosseous wire (4) 1 (25) 0.78 (0.07 to 8.25) 0.834

  a)Logistic regression analysis; b)Chi-squared test.

Table 2. Frequency and statistical analysis of nonunion for each method

Group Method Degree 
(median, °)

Interquartile 
range

I Single K-wire 12.95 9.0 (7.4 to 16.4)
II Cross K-wires 14.68 14.9 (6.6 to 21.5)
III Double longitudinal K-wires 13.04 13.1 (5.9 to 19.0)
IV Intraosseous wire with K-wire 14.73 7.4 (10.2 to 17.6)
V Intraosseous wire 20.90 21.4 (11.9 to 33.3)

Table 3. Angulation for each method
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tional recovery of replanted fingers [12-16]. The simplest fixa-
tion is a longitudinally placed single K-wire. While easily per-
formed, conventional thinking suggests that a single K-wire has 
some disadvantages: a single K-wire does not provide rigid fixa-
tion, does not control against rotation and, almost by necessity, 
must go through the joint. However, in our study, single K-wire 
fixation was not associated with poorer outcome in terms of 
bone complications. Single K-wire is best utilized in digital re-
plants and revascularizations where other fixation methods may 
not be technically feasible (Fig. 2).

Few authors have reported comparative data with regard to 
the methods of fixation ordinarily applied with digital replants. 
In the study of Tamai [3], there were 38 cases of bone and joint 
complications as high as 16.7%. However, he did not mention 
the methods of skeletal fixation. Hoffmann and Buck-Gramcko 
[8] weighed intraosseous wire and K-wire fixation in 68 patients 
with 90 replanted fingers, and concluded that the former was 
better in terms of fracture fixation and early hand therapy. Whit-
ney et al. [17] studied 75 replanted digits including the middle 
and proximal phalanx using 6 methods of bone fixation. Overall, 
the percentage of complications associated with bone fixation 
was 50%, the nonunion rate was 16%, and angular deformity 
occurred in 28%. The reported nonunion rate after replantation 

varied from 3% to 19% in different series [3,5,8,17]. As a result 
of our experience, the nonunion rate was about 31%, which was 
higher than previous studies. We believe that this is a result of 
our inclusion of the clinical symptoms as well as radiologic find-
ings in our determination criteria for nonunion.

Few studies quantifying the angulation in long-term bony re-
sults have been reported. Because bone stability establishes a 
basis for allowing the patients’ early motion and enhanced long-
term results, we attempted to perform a quantitative compari-
son of ordinary bone fixation methods used in our replantation 
institution. To avoid confusion by variability and to offer a ho-
mogenous population in the method of fixation used, the statis-
tical target was limited to specific levels and similar types of in-
juries. Amputation procedures performed at proximal and mid-
dle phalanx levels, the majority in this study, are the most ordi-
nary area for bony problems in digital replantation, especially 
with respect to gliding structures and functional outcomes 
[3,5,18].

Previous authors have suggested that skeletal shortening 
should be considered in all replantations, which can enable 
more secure bone fixation and lessen the need for vessel and 
nerve grafting [19]. Nunley et al. [5] emphasized the necessity 
of primary bone shortening procedures during replantation of 

Fig. 2. Single K-wire fixation

(A) Little finger amputation in a 52-year-old man. (B) Radiograph shows proximal phalanx amputation. (C) Immediately postoperatively, after 
digital replantation. (D) Radiograph shows secure fixation with a single K-wire technique. (E) Five-month postoperative radiography with postero-
anterior view shows bone union. (F) Five-month postoperative radiography with lateral view shows minimal angulation.

BA EDC F

Group Method (digits) No. (%) Odds ratioa) (95% confidence interval) 
(compared to Group I) P-valueb)

I Single K-wire (40) 3 (8) 1.00 -
II Cross K-wires (14) 4 (29) 4.93 (0.95 to 25.74) 0.085
III Double longitudinal K-wires (30) 3 (10) 1.37 (0.26 to 7.32) 0.916
IV Intraosseous wire with K-wire (15) 3 (20) 3.08 (0.55 to 17.35) 0.361
V Intraosseous wire (4) 0 - 0.851

  a)Logistic regression analysis; b)Chi-squared test.

Table 4. Frequency and statistical analysis of secondary operation for each method
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digital amputations, followed by the procedure of K-wire fixa-
tion longitudinally in almost all cases. However, in light of our 
experience, no bone shortening remains the better indication. 
Primary bone formation occurs under rigid fixation in areas in 
which bone is held tightly in contact, called “contact healing.” 
Because there are no gaps in contact healing, Haversian remod-
eling of the fracture site begins immediately. This Haversian re-
modeling at the fracture site allows contact healing and results 
in union and reconstruction of the fracture ends simultaneously 
[20]. Although more studies are needed, we assume that the 
larger bone contact area with fitted fracture margin would have 
an influence on more effective bone union.

Van Oosterom et al. [21] reported that the incidence and 
cause of surgically corrected phalanx fractures resulted in non-
union. Reported causes for nonunion of phalangeal fractures in-
clude high-energy, injury-induced open fracture and bone loss, 
impairment of blood circulation, infection, skin defect, and 
damage to soft tissues [22,23]. Soft tissue damage disturbs cir-
culation to the fractured fragment and increases the incidence of 
infection and nonunion. We presume that fixation methods that 
require more handling during replantation than the single K-
wire fixation method generate more soft tissue injury, which can 
be associated with poorer blood circulation to the bone.

This study has some limitations. In this retrospective study de-
sign, a selection bias may have been introduced between pa-
tients with worse outcomes and those with better outcomes, 
who were willing to undergo more diligent or more frequent 
follow-up. In addition, caution should be exercised in extrapo-
lating this study to the general population of replantation cases. 
Although the frequency of use of each method reflects our ex-
perience with the overall population, the data represents less 
than 10% of patients referred for replantation. We controlled 
carefully for the level and severity of injuries; thus these results 
may not apply to other types of intra-articular injuries or cases 
of severe comminution. However, we observed no significant 
difference among bone fixation methods in terms of bone com-
plications, and we suspect that reconstruction of soft tissue and 
tendons as well as bone fixation resulted in increased stability 
and rigidity in replanted digits.

As reported by Nunley et al. [5], there are many methods for 
bone fixation that can provide an adequate fixation. Most sur-
geons depend on their experience and choose specific methods 
based on their own subjective results, such that there are few 
studies about quantitative outcomes concerning bone fixation 
using more than one fixation method. This study suggests that 
bone problems following replantation are more common than 
previously reported, and provides useful information for plan-
ning bone fixation in digital replantation.
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