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Decision Making Errors in the Use of 
Interlocking Tibia1 Nails 

D. Templeman, MD; C. Larson, MD; T. Varecka, MD; and R.E Kyle, MD 

Seventy-one fractures of the tibial shaft were 
treated with interlocking intramedullary nails. 
None of the fractures were treated with static 
locking of the intramedullary nails. These 71 
fractures were studied to determine whether 
certain fracture patterns are prone to loss of 
alignment when static interlocking is not used. 
Loss of alignment was defined as shortening of 
1 cm or more and/or change in angulation of at 
least 5’. Loss of alignment occurred in eight of 
the 71 (11%) fractures. Shortening andfor an- 
gulation occurred in seven of 22 spiral and short 
oblique fractures, and in none of 27 transverse 
fracture patterns. It was concluded that the dy- 
namically locked and nonlocked modes of in- 
tramedullary nailing should not be used in the 
stabilization of spiral and oblique fractures of 
the tibial shaft. 

The development of interlocking nails for the 
stabilization of tibial fractures is a major ad- 
vancement in fracture care.’” Interlocking 
nails are inserted in one of three different 
modes. In the unlocked mode, interlocking 
bolts are not inserted and inherent fracture site 
stability is necessary for the construct. In the 
dynamically locked mode, interloclung screws 
are used at one end of the nail to control bend- 

From the Department of Orthopaedic Surgery, Hen- 
nepin County Medical Center, Minnepolis, MN. 
Reprint requests to D. Templeman, MD, Department of 
Orthopaedic Surgery, Hennepin County Medical Cen- 
ter, 701 Park Avenue South/862B, Minneapolis, MN 
55415. 

ing or rotational forces or both. Statically 
locked nails, with screws inserted at the proxi- 
mal and distal ends of the nail, provide maxi- 
mum stability.4 Despite the increased use of in- 
terlocking tibial nails, few guidelines exist that 
precisely define which different mode of inter- 
locking is appropriate for a given fracture.2-4J9 

In a recent Symposium of Clinical 
Orthopaedics and Related Research, nine 
articles addressed the treatment of tibial 
fractures with interlocking intramedullary 
nails.5-*,12,13,16,20,23 There was a marked dif- 
ference in the application of the various lock- 
ing modes. For example, in one series static 
locking was selected for all tibial fractures, 
whereas in two other series static locking was 
used for 44% and 46% of the fractures treated 
(Table 1).5,7,23 This review indicates that dis- 
crepancies exist regarding the indications for 
inserting interlocking screws. 

In an effort to improve the guidelines for the 
insertion of interlocking screws the authors re- 
viewed a series of tibial fractures that were 
treated by interlocking nails where either the 
nonlocked or dynamically locked mode of nail- 
ing was applied. The goal of the review was to 
identify whether fracture patterns exist that are 
prone to changes in postoperative alignment 
when either dynamic mode or nonlocked mode 
of interlocking nailing is used. 

MATERIALS AND METHODS 
The  authors performed a retrospective study to 
determine the incidence of loss of fracture align- 
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TABLE 1. Frequency of Interlocking Nailing Modes 

Locking 
Number of Locking Mode Locking Mode Mode Not 

Reference Fractures Static (%) Dynamic (%) Interlocked Comment 

Friedman and Johnson' 
Krettek et all2 

Gregory and Sanders8 

Wiss and StetsonZ3 
Lang et all3 
Cole et ,I5 
Duwelius et aF 
Singer and Kellam'6 
Whittle et aI2O 

133 
21 

38 

127 
32 
50 
49 
43 

130 

44 
86 

97 

46 
97 

100 
88 

100 
94 

26 
14 

0 

22 
3 
0 

12 

4 

30 
0 Dynamically 

locked hole 
0 Not all screws 

used 
32 
0 
0 
0 

ment after tibial nailing without static interlock- 
ing (tibial nails inserted without interlocking 
screws, or nails inserted with dynamic locking). 
Loss of alignment was defined as a change of 
greater than or equal to 1 cm of shortening, or an- 
gulation of greater than 5" in the frontal plane or 
10" in the sagittal plane. The immediate postoper- 
ative radiographs were compared with followup 
radiographs to determine whether there was a 
change in alignment. Preoperative radiographs 
were used to classify the fracture pattern. Rota- 
tion was not assessed in this study. 

Between January 1, 1989 and June 1, 1993, 
199 fractures of the tibia were treated with in- 
tramedullary nails at the authors' institution. Un- 
locked or dynamically locked nail constructs 
were used for 89 fractures. Fractures were in- 
cluded in the study if an intramedullary nail that 
allowed locking screws to be placed at both ends 
of the nail had been used, sufficient radiographs 
were available to indicate union of the fracture, 
and the immediate postoperative radiographs in- 
dicated accurate alignment of the fracture site. 
Fractures in which the postoperative radiograph 
showed more than I cm of shortening, frontal an- 
gulation exceeding 5", or sagittal angulation ex- 
ceeding 10" were excluded. Eighteen fractures 
were excluded by these criteria, leaving 71 frac- 
tures available for the study. Fifty-four males and 
17 females were treated, with an average age of 
34 years (range, 15-74 years). The mechanism of 
injury was: motor vehicle accident, 15 fractures; 
motorcycle accident, 14 fractures; pedestrian ver- 
sus motor vehicle, 22 fractures; fall, 12 fractures; 

gunshot, one fracture; sports, three fractures; and 
other causes, four fractures. There were 34 closed 
fractures and 37 open fractures. 

Fracture geometry was classified by the Associa- 
tion for the Study of the Problems of Internal Fixation 
Classification System (AO/ASIF).l4 This system de- 
fines the geometry of the fracture pattern and the 
presence of an associated fibular fracture and its loca- 
tion about the site of the tibial fracture (Fig l). The 
following fracture types were identified: Type A 
(simple) fractures: 18 A1 spiral fractures, four A2 
oblique fractures (>30" angle at the fracture site), 27 
A3 transverse fractures (<30" angle at the fracture 
site); Type B (wedge) fractures: four B1 spiral 
wedge fractures, nine B2 bending wedge frac- 
tures, two B3 fragmented wedge fractures; and 
Type C (complex) fractures: one C1 spiral frac- 
ture and six C2 segmental fractures (Table 2). 

There were 10 proximal 1/3 fractures, 40 mid- 
dle 1/3 fractures, 18 distal 1/3 fractures, and three 
segmental fractures of the proximal and middle 
thirds of the tibia. 

The technique of nail insertion was nailing 
without reaming in 34 cases and intramedullary 
nailing after reaming in 37 cases. Several types 
of intramedullary nails were used: 25 A 0  nails 
(Synthes, Paoli, PA); 17 Gross-Kempf nails 
(Howmedica, Rutherford, NJ); four Russell- 
Taylor nails (Smith and Nephew and Richards, 
Memphis, TN); and 25 ZMS nails (Zimmer, 
Warsaw, IN). Forty-eight of the nails were 
placed in the unlocked mode and 23 in the dy- 
namically locked mode. Proximal interlocking 
alone was done in 19 fractures, eight times with 



Number 339 
June, 1997 Interlocking Tibial Nails 67 

c1 c2 IR C 

Fig 1. The comprehensive classification of 
fractures of the long bones: Fractures of the 
tibia and fibular diaphysis.14 (Modified with per- 
mission from Muller ME: The Comprehensive 
Classification of Fractures of the Long Bones. In 
Muller ME, Allgower M, Schneider R. Willeneg- 
ger H (eds). Manual of Internal Fixation. Ed 3. 
New York, Springer-Verlag 145, 1991 .) 

one screw and 11 times with two screws. Distal in- 
terlocking alone was done four times; in three 
cases, two screws were used and in only one case 

was one screw used. Adjuvant plate fixation of the 
fibula was not done in this series. The standard 
policy in this series was to place all patients with 
unlocked and dynamically locked nails in a short 
leg cast until callus was evident. This was done to 
prevent equinus deformity and to supplement the 
intramedullary fixation at the individual surgeon's 
discretion. The average time to union was 6.8 
months, with a range of 3 to 26 months. 

RESULTS 

Changes in postoperative alignment occurred 
in 11 % of the fractures in this series (eight of 
the 71 fractures). In six fractures, postoperative 
shortening equaled or exceeded 1 cm (range, 
1-2.5 cm). One patient had a change in frontal 
plane alignment of 5" varus angulation, with 1 
cm of shortening; one patient had 11" v m s  an- 
gulation and no shortening. 

Change in alignment was recorded for each 
of the A 0  fracture patterns. Four of the 18 spi- 
ral fractures, which is 22% of the AO/ASIF 
Type A1 fractures, developed one or more 
centimeters of shortening in the postoperative 
period. Three of the four oblique fractures, 
Type A2, developed shortening. Thirteen 
wedge fractures, AO/ASlF Type B, were 
treated. In one, a proximal 1/3 fracture treated 
with a dynamically interlocked nail, a postop- 
erative change in alignment with shortening 
and procurvatum occurred. Nine complex 
fractures, AO/ASIF Types C1 and C2, were 
treated without change in alignment (Table 2). 
Change in alignment also was observed to be 

TABLE 2. Changes in Alignment That Occurred 
Respective to Fracture Pattern 

~~ 

A 0  Tibial Diaphysis 
Classification Number Change in Alignment 

A1 spiral 18 
A2 obligue 4 A = 7  
A3 transverse 27 
B1 spiral wedge 4 

83 fragmented wedge 2 
C1 complex spiral 1 c = o  

B2 bending wedge 9 B = l  

C2 complex segmental 6 
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TABLE 3. Location of Fracture and 
Alignment Change 

Change in 
Type Number Alignment 

Proximal 113 10 2 
Middle 113 40 1 
Distal 113 18 5 
Midproximal segmental 3 0 

related to the location of the fracture site 
(Table 3). Changes occurred most often in 
fractures in the proximal and distal 1/3 of the 
tibia and segmental fractures. Forty fractures 
of the middle 1/3 of the tibia were treated by 
unlocked or dynamically locked nails and 
there was an alignment change in only one in- 
stance. Five of 23 (22%) dynamically locked 
constructs that were used in this series ehbited 
changes in postoperative alignment (Table 4). 
These fractures were located in the proximal 
1/3 of the tibia (three fractures) or in the distal 
1/3 (two fractures), (Table 5). 

DISCUSSION 

The development of interlocking intra- 
medullary nails has expanded the indications 
for intramedullary fixation of tibia1 frac- 
tures.14 The successful use of interlocking 
nails requires that the surgeon correctly as- 
sess the stability of the nail fracture construct 

TABLE 5. Patient Data 

TABLE 4. Mode of Interlocking 

Change in 
Type Number Alignment 

Unlocked 48 3 
Dynamic locking 23 5 

and choose the correct mode of interlocking 
nail (unlocked, dynamically locked, or stati- 
cally locked).2.4,21 Stability of the fracture site 
is dependent on numerous variables, which 
include the location of the fracture site, de- 
gree of comminution, geometry of the frac- 
ture, the size and shape of the intramedullary 
nail, and the technique of nail insertion.2,4.19J 
This large number of variables, which are as- 
sessed subjectively, is the probable reason for 
the variation in the use of the three different 
interlocking modes (Table 1). 

In the current series, the use of either un- 
locked or dynamically locked nails led to loss 
of alignment in 11% of the cases. This com- 
pared with a 10.5% loss of reduction that 
Brumback et a14 observed with the use of dy- 
namically locked intramedullary nails for the 
stabilization of femoral shaft fractures. Al- 
though difficult to measure, it seems that de- 
cision making errors by the surgeon are a ma- 
jor variable and source of error in the use of 
interlocking intramedullary nails. 

Age 
Case (years) Mechanism of Injury Site A0  Locking Complication 

1 
2 

65 
20 

~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ _  

Motor vehicle accident M3 A22 
Bicycle accident P3 B23 Zproxirnal 

3 48 

32 
23 
61 
32 
63 

Pedestrian versus motor vehicle P3 A2:l 2 proximal 

Motor vehicle accident D3 A1:2 0 
Motor vehicle accident D3 A2:3 1 distal 
Assault D3 A12 2 distal 
Logging D3 A12 1 proximal 
Fall D3 A1:2 0 

Shortening 1 .O cm 
Shortening 1 .O cm; 

procurvatum 12" 
Shortening 1 .O cm; 

varus 5" 
Shortening 1.5 cm 
Shortening 1 .O cm 
Shortening 2.5 cm 
Shortening 1 .O crn 
Shortening 1.6 cm 

P3 = proximal 1/3; M3 = middle 113, D3 = distal 1/3 
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The routine use of statically locked nail 
constructs improves the stability of fracture 
fixation and reduces the risk for postoperative 
changes in alignment. However, small inter- 
locking nails that are inserted without reaming 
use smaller interlocking bolts (3.9 mm) which 
have as high as a 24% incidence of screw fail- 
ure.15 Many authors recommend routine re- 
moval of statically locked screws at one end 
of the nail (dynamization) to avoid problems 
with breakage and to allow impaction of the 
fracture surfaces to promote ~nion.2~3~5~6~19 

In addition to hardware failure, several se- 
ries report that delayed union and nonunion 
occur more frequently when statically 
locked, nonreamed nails are used, as com- 
pared with the use of dynamically locked, 
nonreamed constructs.* Duwelius et a16 ob- 
served a 25% rate of nonunion when frac- 
tures were not compressed with static lock- 
ing in contrast to a 4% rate of nonunion 
when the fracture site was compressed with 
the use of a femoral distractor. Additional 
explanations for a higher rate of delayed 
union include the treatment of more severe 
injuries by statically locked constructs, and 
the technical complication of locking some 
fractures in slight distraction.2JlJ5 

In general, statically locked nails are used 
to treat comminuted fractures. However, prior 
studies have indicated that flexible nails or 
Lottes nails can be used in the presence of 
comminution.18.22 If 1/3 to 1/4 of the cortical 
circumference of the shaft was intact to pre- 
vent excessive angulation or shortening, suc- 
cessful results have been obtained. Wiss22 
used this logic and treated 111 fractures with 
Ender's nails and a supplemental cast, fol- 
lowed by a prefabricated brace. Shortening of 
greater than 1 cm occurred in only 10% of the 
fractures. This is similar to the 11 % incidence 
of shortening in this series, because both se- 
ries rely on the use of postoperative casting or 
prefabricated braces. 

In this retrospective study of postopera- 
tive radiographs, the authors selected short- 
ening of greater than or equal to 1 cm, or an- 
gulation of greater than 5" in the frontal 

plane or 10" in the sagittal plane to represent 
a significant loss of alignment. Although 
these are arbitrary criteria, most authors con- 
sider these measurements to define malalign- 
ment after the treatment of tibial fractures 
with intramedullary nails. 

Eleven percent of the fractures treated 
with unlocked or dynamically locked nails in 
this series had a loss of alignment in the 
postoperative period. Most striking was the 
spiral fractures and oblique fractures, al- 
though thought to be stable at the time of 
surgery, shortened by more than 1 cm in 
seven of 22 cases. This indicates that the 
nonlocked and dynamically locked modes of 
interlocking nails do not stabilize spiral and 
oblique fracture patterns sufficiently. The 
authors now treat spiral fracture patterns 
with statically locked nail constructs. 

The high incidence of shortening in spiral 
fractures in this series indicates that these in- 
juries should be treated with interlocking nails 
in the static mode. Fractures outside the middle 
1/3 of the tibia also showed an unacceptably 
high incidence of alignment changes; dynamic 
locking did not prevent loss of reduction in 
these fractures. When unlocked or dynamically 
locked nail constructs are used, frequent post- 
operative radiographs should be obtained to 
detect any loss of alignment. 

References 

1 .  Bone LB, Johnson KB: Treatment of tibial frac- 
tures by reaming and intramedullary nailing. J 
Bone Joint Surg 68A:877-887, 1986. 

2. Bone LB, Kassman S, Stegeman P, France J: 
Prospective study of union rate of open tibial frac- 
tures treated with locked, unreamed intra- 
medullary nails. J Orthop Trauma k45-49, 1994. 

3. Brumback RJ: Open tibial fractures. Current or- 
thopaedic management. Instr Course Lect 41: 

4. Brumback RJ, Reilly JP, Poka A, et al: Intra- 
medullary nailing of femoral shaft fractures. Part I. 
Decision-making errors with interlocking fixation. J 
Bone Joint Surg 70A:1441-1452, 1988. 

5. Cole JD, Ansel LJ, Schwartzberg R: A sequential 
protocol for management of severe open tibial 
fractures. Clin Orthop 315:84-103, 1995. 

6. Duwelius PJ, Schmidt AH, Rubinstein RA, Green 
JM: Nonreamed interlocked intramedullary tibial 

101-117,1992. 



70 Templeman et al 

nailing: One community's experience. Clin Or- 

7.  Freedman EL, Johnson EE: Radiographic analysis 
of tibial fracture malalignment following intra- 
medullary nailing. Clin Orthop 3 15:25-33, 1995. 

8. Gregory P, Sanders R: The treatment of closed, 
unstable tibial shaft fractures with unreamed inter- 
locking nails. Clin Orthop 315:48-55, 1995. 

9. Gustilo RB, Mendoza RM, Williams DN: Problems 
in the management of Type I11 (severe) open frac- 
tures: A new classification Type I1 open fractures. J 
Trauma 24:742-746,1984. 

10. Henley M, Mayo K: Prospective comparison of 
unreamed interlocking intramedullary nails and 
half-pin external fixation for Grade I1 and 111 
open tibia fractures. J Orthop Trauma 4:233-234, 
1990. 

11. Kassman S, Bone L, Stegemann P, France J: De- 
layed union with unreamed tibial rods. Orthop Trans 
16:234, 1992. 

12. Krettek C, Schandelmaier P, Tscherne H: Nonreamed 
interlocking nailing of closed tibial fractures with se- 
vere soft tissue injury. Clin Orthop 31534-47, 1995. 

13. Lang GJ, Cohen BE, Bosse MJ, Kellam JF: Proxi- 
mal third tibial shaft fractures: Should they be 
nailed? Clin Orthop 3 15:64-74, 1995. 

14. Muller ME: The Comprehensive Classification of 
Fractures of the Long Bones. In Muller ME, Allgo- 
wer M, Schneider R, Willenegger H (eds). Manual 
of Internal Fixation. Ed 3. New York, Springer Ver- 
lag 118-150, 1991. 

thop 315:104-113, 1995. 

Clinical Orthopaedics 
and Related Research 

~ 

15. Rubinstein RA, Green JM. Duwelius PJ: In- 
tramedullary interlocked tibial nailing: A new tech- 
nique. J Orthop Trauma 6:90-95, 1992. 

16. Singer RW, Kellam JF: Open tibial diaphyseal 
fractures: Results of unreamed locked intra- 
medullary nailing. Clin Orthop 3 15: 114-1 18, 
1995. 

17. Tornetta 111 P, Bergman M, Watnich N, Berkowitz 
G, Steuer J: Treatment of Grade IIIB open tibial 
fractures: A prospective, randomized comparison 
of external fixation and nonreamed locked nail- 
ing. J Bone Joint Surg 75B:13-19, 1993. 

18. Velazco A, Whitesides TE, Fleming LL: Open frac- 
tures of the tibia treated with the Lottes nail. J Bone 
Joint Surg 65A:879-885, 1983. 

19. Whittle AP, Russell TA, Taylor JC, Lavelle DG: 
Treatment of open fractures of'the tibia with the use 
of interlocking nailing without reaming. J Bone 
Joint Surg 74A:1162-1171, 1992. 

20. Whittle AP, Wester W, Russell TA: Fatigue failure 
in small diameter tibial nails. Clin Orthop 315: 

21. Winquist RA, Hansen Jr S T  Comminuted fractures 
of the femoral shaft treated by intramedullary nail- 
ing. Orthop Clin North Am 1 1 :633-648, 1980. 

22. Wiss DA: Flexible medullary nailing of acute tib- 
ial shaft fractures. Clin Orthop 212:122-132, 
1986. 

23. Wiss DA, Stetson WB: Unstable fractures of the 
tibia treated with reamed intramedullary interlock- 
ing nail. Clin Orthop 315:56-63, 1995. 

119-128,1995. 


