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Abstract

Objective: To study the effectiveness, advantages, disadvantages and failure rates of closed intramedullary interlocking 

nailing of daiphyseal fractures of the femur in adults. 

Materials and Methods: A total of 30 cases of diaphyseal femur fractures in adults, who have been treated with 

closed intramedullary interlocking nailing were studied from 2008 – 2010. Data was analyzed both with regards to 

the clinical and radiological outcome to evaluate the effectiveness, functional outcome and morbidity associated 

with the procedure.

Results: Average age of the patient was 27.4 years with male preponderance. Road traffic accidnents were the most 

common mode of injury; middle third shaft fractures were most commonly seen (56.66%); comminuted and transverse 

fractures (63.33%) were the commonest fracture pattern. The union rate was 96.6%. Five patients had superfi cial 

infection, four had shortening of limb, and in two cases union was delayed. Excellent to good results were seen in 

86.6% cases as per modifi ed Klaus and Klemm criteria.

Consclusion: Closed intramedullary interlocking nailing has now become the treatment of choice for closed diaphyseal 

fractures of femur in adults, especially those with high comminution, long spiral, and segmental fractures. Interlocking 

nail offers the added advantages of early joint mobilization, early weight bearing, early muscle rehabilitation, shortened 

hospital stay, and most importantly early return to work and prefracture state.
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Résumé

Objectif: Pour étudier l'efficacité, les avantages, les inconvénients et les taux d'échec des intramédullaire fermé à 

clouer entrecroisés de daiphyseal fractures du fémur en adultes.

Des matériaux et des procédés: Un total de 30 cas du fémur diaphysaire fractures chez les adultes, qui ont été traités 

avec fermé intramédullaire interverrouillage clouer a été étudiées de 2008 – 2010. A analysé les données tant en ce 

qui concerne le résultat clinique et radiologique à évaluer l'efficacité, le résultat fonctionnel et la morbidité associée 

à la procédure.

Résultats: Moyenne d'âge du patient était 27,4 ans avec une prépondérance masculine. Accidnents de trafic 

routier ont été le plus courant mode de dommage ; Middle troisième arbre fractures ont été vus plus couramment 

(56.66%);comminuted et transverse fractures (63.33 %) ont été le patron de fracture plus fréquente. Le taux de l'union 

était 96,6 %. Cinq patients présentaient superfi cielles infection, quatre raccourcissement d'un membre et dans les 

deux cas l'union a été retardée. Excellents aux bons résultats ont été vus dans les cas de 86,6 % selon modific ed 

critères Klaus et Klemm.

Consclusion: Fermé intramédullaire interverrouillage clouer est maintenant devenu le traitement de choix pour 
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Introduction

Fractures of femoral shaft are among the most 
common fractures that orthopedic surgeons 
encounter. Advances in mechanization and 
acceleration of travel have been accompanied by an 
increase in the number and severity of fractures. 
Since the femur is the largest bone of the body and 
one of the principal load-bearing bones in the lower 
extremity, femoral shaft fractures are associated with 
considerable mortality and morbidity whether they 
are caused by high- or low-energy trauma. Femoral 
shaft fractures resulting from high-energy trauma 
are often associated with concomitant injury of 
internal organs.[1]

The treatment of femoral shaft fractures has evolved 
from the historical nonoperative management to 
the most recent methods of intramedullary nail 
fixation. Interlocking nails have greatly expanded 
the indications for closed intramedullary nailing 
of femoral fractures. Early mobilization following 
fractures of the femoral shaft has been shown to 
have a significant advantage in terms of both joint 
mobility and economic impact, which are very well 
attained by the use of interlocking nails.[1-4]

Materials and Methods

A prospective case series study of 30 cases of closed 
and Gustilo Anderson type I[1] open diaphyseal 
fractures of femur was done during the period 
between 2008 and 2010. Patients of age above 
18 years and both the sexes were included in the 
study. Pathological and Gustilo Anderson type II and 
III open fractures[1] were excluded from the study. 
Institutional ethical committee approval was taken.

After a careful history and examination of the injured 
limb, anteroposterior and lateral radiographs were 
obtained. Closed reduction and Thomas’s splint 
immobilization were done in all cases. The operative 
procedure and its advantages were explained in detail 
to each patient and an informed consent was obtained. 
All patients were operated as early as possible after 
improving the general condition and considering 
their medical comorbidities and management as 
directed by physicians. Most of the femoral shaft 
fractures in our study resulted from high-velocity 
injuries. Associated injuries were also extremely 

common and played an important role in the initial 
treatment of fracture and rehabilitation of the patient. 
Special attention was given to the complications 
followed by trauma and were managed accordingly.

All patients were operated using standard operative 
guidelines[1,2,4] and all fractures were fixed with 
standard AO femoral intramedullary interlocking nail 
using closed technique[1,2,5] under image intensifier.

All patients were encouraged to do static quadriceps 
exercises and straight leg lifting from first postoperative 
day with active and passive knee exercises within 48 
hours or as tolerated by the patient. Partial weight 
bearing was started for all cases with the help of crutches 
or walker frame by the time of suture removal or once 
the acute pain subsided. Full weight bearing was 
started within 2 weeks postoperatively in case of stable 
fractures, but in unstable fractures (comminution 
>50%), it was delayed till radiographically visible 
callus was seen or around 6 weeks’ time. Sutures were 
removed on 10th postoperative day and the patient was 
discharged on the following day.

Follow up
Review of the patient was done for every 2 weeks for 
first 2 months, and thereby monthly for next 4 months 
to document clinical and radiological union of fracture 
and to assess the hip and knee range of movements. 
Partial weight bearing was started once the acute pain 
has subsided in stable fractures, but was delayed until 
adequate callus is seen radiographically at the end of 6 
weeks and full weight bearing by the end of 4 months. 
We considered a fracture to be united, if there was no 
pain on palpation or attempted motion at fracture 
site, no increase in warmth at the fracture site, no 
discomfort on full weight bearing and serial radiograph 
demonstrates bony trabeculae across the fracture site.

Results of the treatment were evaluated using 
modified Klaus and Klemm criteria.[6]

Excellent: * Normal radiographic alignment
 * Full hip and knee motion
 * No muscle atrophy

Good : * Angular deformity <5°
 * Slight loss of hip and knee motion
 * Muscle atrophy <2 cm
 * Shortening <2 cm

Fair : * Angular deformity 5°-10°

des fractures diaphysaire fermés du fémur chez les adultes, surtout ceux qui ont élevé pulvérisation, spirale long 
et fractures segmentaires. Clou interverrouillage offre les avantages ajoutés de mobilisation conjointe au début, 
porteurs de poids au début, rééducation précoce de muscle, séjour à l'hôpital raccourcie, et la plupart a surtout au 
début retour au travail et analysé État.

Mots clés: Fermé interverrouillage clouage, diaphysaire fractures du fémur, modific ed critères Klaus et Klemm
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 *  Moderate (25%) loss of hip and knee 
motion

 * Muscle atrophy >2 cm
 * Shortening >2 cm

Poor: * Angular deformity >10°
 * Marked loss of hip and knee motion
 * Marked muscle atrophy
 * Marked shortening.

Statistical analysis
The frequencies and crosstabs procedure were used 
to create two-way and multiway tables. Statistics and 
graphical displays (values in ascending or descending 
order) were used for describing variables, chart, and 
graphs. After tabulation, P value was determined 
by applying standard Chi-square and Gaussian 
test. P value less than 0.05 was considered to be 
significant. All the statistical methods were carried 
out through the SPSS for Windows (version 16.0) 
and Minitab (version 11.0) for windows.

Results

A total of 30 cases of diaphyseal fracture femur were 
seen in the study. Most common age group involved 
was between 18 and 25 years, with mean age of 
27.4 years. Males significantly had a higher frequency 
(24) compared with females (6) [Table 1]. Right side 
(60%) was affected more commonly than left side 
(40%). RTA (83.34%) was the most common mode 
of injury followed by fall from height (13.33%).

Most common location of fracture was the middle 
third of the diaphysis [Table 2, Figure 1]. Most 

common pattern of fracture was comminuted and 
transverse fractures [Graph 1]. 56.67% of patients had 
only femur fracture and the remaining (43.33%) had 
associated injuries, which were treated accordingly 
[Table 3]. Twenty-two patients (73.3%) came to 
the hospital within 24 hours after injury, while six 
patients (20.0%) came in between 24 and 48 hours, 
and two patients (6.7%) after 48 hours. The surgery 
was done on an average of 6 days (range, 2-15 days) 
after patient’s admission. Spinal anesthesia was used 
in 27 patients and general anesthesia in three patients. 
Average duration of surgery was 120 minutes (range, 
90-150 minutes). Duration of hospital stay ranged 
from 11 to 33 days [Table 4]. Average duration of 
follow up was 2 years, with a range of 12 to 30 months.

Delayed union was seen in two cases (6.6%), but 
one case united at the end of 7 months without any 
further surgical intervention, and the remaining 
one case needed dynamization. The shortening of 
the limb was seen in four cases (13.33%), of which 
two had 2 cm shortening and other two cases had 1 
to 1.5 cm shortening. Five patients had superficial 
infection at incision site and there was one case of 
refracture with broken nail in situ, where exchange 

Table 1: Showing age and sex distribution in 
present study

Age in 
years

Males Females Total Percentage

16-25 16 2 18 60
26-35 5 1 6 20
36-45 2 2 4 13.33
46-55 1 1 2 6.67
Total 24 6 30 100

CC (Age*Sex) = 0.345; P < 0.230 (NS), X2 (Age) = 20.667; 
P < 0.000 (HS), X2 (Sex) = 10.800; P < 0.001 (HS)

Table 2: Showing location of fracture in present study

Zone involved No. of cases Percentage
Zone 1 0 0
Zone 2 5 16.67
Zone 3 7 23.33
Zone 4 10 33.33
Zone 5 6 20
Zone 6 0 0

Graph 1: Showing the pattern of fracture in present study. X2 
(Pattern) = 8.333; P<0.080 (NS)

Table 4: Showing the duration of hospital stay in 
present study

Duration No. of cases Percentage
10-20 21 70
21-30 5 16.7
>30 4 13.3

c2 (Duration of hospital stay) = 18.200; P < 0.000 (HS)
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Table 3: Showing associated injuries in present 
study

Associated Injuries No. of cases Percentage
Head Injury 3 10
Patella fracture 1 3.33
Ipsilateral tibia and 
fibula fracture

2 6.67

Distal end of radius fracture 2 6.67
Rib Fractures 2 6.67
Contralateral posterior 
dislocation of hip

1 3.33

Fracture Clavicle 2 6.67
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Table 5: Showing the complications in the present 
study

Complications No. of cases
Preoperative

• Fat embolism 1
• Anemia 8
• Surgical emphysema 2
• Fracture neck of femur 0
• Posterior dislocation of hip 1

Intraoperative
• Entry point

 Eccentric 2
 Double entry 2

• Reaming guide rod bent 1
• Eccentric reaming 1
•  Comminution at fracture site 

while inserting the nail
1

• Breakage of drill bits 0
• Distal locking--eccentric 2

Postoperative
• Superficial infection at the incision 5
• Deep seated infection 0
• Shortening of affected limb 4
• Restriction of knee flexion 10
• Distal locking bolt migration 1
• Delayed union 2
• Non-union and mal-union 0

Table 6: Showing functional outcome in present study

Result Cases Percentage
Excellent 20 66.6
Good 6 20
Fair 3 10
Poor 1 3.4

Figure 2: Excellent result: a, b and c: X-ray showing oblique fracture 
of shaft of femur preoperative, postoperative at 2 days and 12 weeks, 
respectively. d, e and f: Clinical photographs showing good hip and 
knee range of movements at 12 months of follow-upnailing was done [Table 5]. Mean time of bony union 

was 16.5 weeks and the union rate in our series was 
96.6%. Functional outcome was assessed based on 
modified Klaus and Klemm criteria.[4,6,7] Excellent 
results were obtained in 20 cases (66.6%), good 
results in six cases (20%), fair in three cases (10%), 
and poor in one case (3.4%) [Table 6] [Figures 2-5].

Discussion

The art and science of fracture management has 
tremendously advanced over the years. From the 
use of external splints in the Hippocratic age to the 
recent sophisticated instrumentation, treatment of 

fractures has made an impact in the surgical field. 
The intramedullary techniques that are in common 
use today are derived mainly from the work of Sir 
Gerhard Kuntscher[7] in Germany and the Rush 
family in USA. Kuntscher is no doubt the father 
of reamed intramedullary nailing. Intramedullary 
nailing has become the gold standard for the 
treatment of femoral shaft fractures.[1,7-10] At the 
beginning of intramedullary nail era, this type of 
fixation gained wide popularity in the fixation of 
transverse fractures of the middle third of the femur 
due to no disturbances of periosteal blood supply, 
fracture hematoma, and rapid healing of fracture 
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Figure 3: Excellent result: a, b and c: X-ray showing transverse 
fracture of shaft of femur preoperative, postoperative at 2 days 
and 16 weeks, respectively. d, e and f: Clinical photographs showing 
good hip and knee range of movements at 18 months of follow-up

Figure 4: Delayed union and fair result: a, b and c: X-ray showing 
segmental fracture of shaft of femur preoperative, postoperative at 
2 days and 24 weeks, respectively. d, e and f: Clinical photographs 
showing satisfactory hip and knee range of movements at  
12 months of follow-up

Figure 5: Complication: a and b: X-ray and clinical photograph 
showing broken IMIL nail in situ. c and d: Postoperative X-ray 
showing exchange nailing at 2 days and 12 weeks, respectively. c2 
(Pattern) = 8.333; P < 0.080 (NS)

with lesser risk of complications like infection, 
nonunion, and shortening. A shortcoming of 
this technique in the fixation of comminuted 
diaphyseal fractures was the failure to provide 
rotational stability and axial length. The advent 
of interlocking nailing has widened the spectrum 
of femoral shaft injuries that can be stabilized by 
intramedullary technique. Use of interlocking 
nailing minimizes the incidence of leg length 
discrepancies, rotational and angular deformities.

The intramedullary nail, with its location close 
to center of femur, can tolerate bending and 
torsional loads better than plates and the locking 
mechanism provides less tensile and shear stress 
than plates. The intramedullary interlocking nail is 
a load-sharing device. It is less loaded than plates 
causing less cortical osteopenia of stress shielding, 
which is a feature of the load-bearing plates. 
Closed nailing technique is preferred because no 
damage to extraperiosteal soft tissue occurs and 

Deepak, et al.: Outcome of diaphyseal fractures of femur
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the biological environment around the fracture is 
minimally disturbed. Another important feature 
of the closed intramedullary interlocking nail 
is the chance of early ambulation of the patient 
which reduces the complications of prolonged 
bed confinement.[1,2,10,11]

The mean patient’s age (27.4 years), mode of 
injury (road traffic accident, 83.34%), side involved 
(right > left), level of fracture shaft of femur 
(middle third, 56.66%), average duration of surgery 
(120 minutes),[12] postoperative complications like 
infections, incidence of delayed union (6.6%), and 
shortening (13.33% cases) are each comparable with 
literature reports.[1-3,11,13-15] Our study had M : F 
ratio of 4: 1. In authors’ opinion, administration of 
antibiotic for a period of 10 days (5 days intravenous 
followed by 5 days orally) drastically reduces the 
incidence of deep-seated infections. The average 
diameter of nail used in our study was 10 mm, which 
was less comparable with other series.[13,16,17] The 
skeletal framework of Indian population is on the 
lower side compared with the western population. 
In authors’ opinion, this is probably the reason of 
using a smaller diameter nail in the study.

The percentage of associated injuries (43.33%) in our 
study was consistent with other series.[5,12,13,18] Head 
injury cases were managed with neurosurgeons. 
Most of the associated fractures which required 
operative intervention were fixed during the same 
operative setting. The average time taken for bony 
union in our study was 16.5 weeks with union rate of 
96.6%, which is comparable with other series.[3,6,8,11] 
The high union rate in our study can be attributed 
to the preservation of fracture hematoma, using 
closed technique, early surgical intervention, early 
mobilization, and early weight bearing.

The incidence of femoral fracture due to road 
traffic accident is on the increase. With our study, 
we recommend and re-establish the fact that 
closed intramedullary interlocking nailing is the 
current treatment of choice for closed diaphyseal 
fractures of femur in adults, especially those with 
significant comminution, long spiral fractures, 
and segmental fractures. Intramedullary nails have 
added advantages over plating in these cases, like 
restoration of anatomical length and alignment of 
comminuted fractures, biological fixation resulting 
in high union rates, less likely to fail in fatigue, 
strength for femoral shaft fracture in all three planes 
of loading-bending, compression, and torsion, early 
joint mobilization, early muscle rehabilitation, 
shortened hospital stay, reduces the incidence of 
complications like infection, cortical osteopenia, 
malunion, and nonunion, and most importantly 
early return to work and prefracture state. Moreover, 
the anatomy of femur and the loading conditions 

by gravitational, muscular, and ligamentous forces 
are in favor for intramedullary nail fixation. There is 
no significant change in union rate when compared 
with age, gender, level, and pattern of fracture.
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