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Abstract 

Introduction: Fracture within the neck region of intracapsular area of hip known as fracture neck of femur. 
Radiologically breakage in shenton’s line is diagnosed as a fracture of neck of femur. Still this fracture remains an 
enigma to the Orthopaedic surgeon and is called as unsolved fracture. Aim of study: This study is undertaken to assess 
the correlation between post reduction Pauwel’s angle and union rate in the fracture neck of femur treated with either 
Dynamic Hip Screw or CannulatedCancellous Screw fixation. Materials and Methods: This was a prospective study 
from June 2006 to October 2008. The study included 48 patients who underwent Dynamic Hip Screw and 
CannulatedCancellous Screw fixation for fracture neck of femur. Results: This study evaluated Post reduction Pauwel’s 
angle for both types of fixation. Data analysis showed that with rise in Post reduction Pauwel’s angle, union rate 
decreases in both types of fixation. Conclusion: Post reduction Pauwel’s angle is a good guide to know the stability of 
fractures and decrease in this angle corrects shearing instability of the fracture site. This study gives an indication that 
with a vertical fracture line, a valgus osteotomy might help in decreasing the incidence of non union. 
 
Keywords: Fracture neck of femur, Post reduction Pauwels angle, Dynamic hip screw, Cannulatedcancellous screw and 
Union. 
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Introduction 

Fracture within the neck region   i.e. capsular area of 
hip known as fracture neck of femur.The fracture neck 
of femur is well known since the time of Hippocrates (6 
B.C.). This fracture commonly encountered in elder 
population after a trivial fall [1]. However fracture neck 
of femur in adults younger than age 50 years are 
uncommon and often the result of highenergy trauma 
[2,3,4].They account for only 2-3 % of all femoral neck 
fractures [2,5]. There are so many classification systems 
are available in literature to classify fracture neck of 
femur, one of them is Pauwel’s [6] classification which 
based on angle, that the fracture line of distal fragment 
makes with the horizontal line. Pauwel’s has been 
postulated that femoral neck fracture with a more 
vertical fracture line (i.e. a high pauwel’s angle) may 
experience more shear forces and therefore may be  
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predispose to nonunion or loss of fixation.Treatment of 
femoral neck fracture varies according to patients age 
and fracture pattern. Although there is controversy 
regarding which fixation method is ideal, we 
performing routinely 6.5 mm cancellouscannulated(CC) 
screw or dynamic hip screw(DHS) fixation to treat 
femoral neck fractures in young age group. 
Osteosynthesiswith three 6.5 mm cancellouscannulated 
screw fixation is a less invasive technique, with less soft 
tissue stripping [7]. However, early loosening of the 
screws may occur if the lateral cortex is damaged from 
osteoporosis. In contrast dynamic hip screw,which is a 
screw-plate system with fixed angle, can achieve more 
stable fixation in patients with osteoporosis [8]. 
However, the disadvantages of DHS technique are 
larger skin incision and more soft tissue dissection. 
 
Nonunion fracture neck of femur in young adults is a 
vital problem [4,9,10,11] from practical point of view if 
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fracture remains untreated for 3 weeks or more it is 
designated as a neglected fracture. Femoral neck 
fractures in young adults are associated with high 
incidence of femoral head AVN [4,12-17]. The rate of 
AVN reported in literature ranges from 12-86% in 
younger patients after femoral neck fractures [3,4,14-
22]. This devastating complication may lead to collapse 
of femoral head and subsequent osteoarthritis. 
 
Because of these reasons, these intracapsular fractures 
of the neck of femur are an enigma [23,24,25] 
toorthopaedic surgeons and it is a curse for an 
individual. Still it remains an “unsolved fracture” as 
results are far from ideal in modern day’s orthopaedics. 

Material and Methods 

Forty eight patients were surgically treated in Gajra 
Raja Medical College and Jaya Arogya Hospital 
Gwalior from June 2006 to October 2008 for fracture 
neck of femur were included in study. Patients with age 
between 10-70 years  with isolated close intracapsular 
fracture neck of femur were included  and those patients 
who had been suffered from other systemic illness, age 
less than 10 years and  more than 70 years were 

excluded from study.30 patients were treated with DHS 
fixation and 18 patients were treated with 6.5 mm CC 
screw fixation. All surgeries performed under 
spinalanaesthesia on Watson –Jones fracture table under 
fluoroscopic control after reduction of fracture by 
Whitmann [26] or Leadbetter[27] method. Preoperative 
parentral antibiotics were administered 1 hr before 
surgery [28].On second postoperative  day  sitting on 
bed allowed with quadriceps and ankle pump exercise 
started. Check X-ray was done with operated limb in 15 
degree internal rotation and Post-Reduction Pauwel’s 
angle was measured and noted. All patients were 
followed upto 12 months to see clinically and 
radiological union. Partial weight bear allowed only 
after the radiological appearance of union which took 
about 6 to 10 weeks after surgery. Final functional 
outcome made by using Harris Hip Score system (HHS) 
[29]. 
 
Pauwel’sClassification [6]: 
Type I – 0-30 degree 
Type II – 30-50 degree 
Type III–50- 70 degree 

Results 

Patients were divided into two groups, DHS group and CC screw group. 30 patients were belonged to DHS group and 18 
patients were from CC screw group.In our study average age was 45 years and patients taken from age 10-70 years. Out 
of 48 patients 32 were males and 16 were females. Out of 48 patients 26 were injured on right side and 22 were on left 
side. Out of 30 patients of DHS group 21 were united and 9 were failed to union. Out of 18 patients of 6.5 mm CC screw 
group 13 were united and 5 were non-united. Age wise distribution of patients with union and nonunion showed that 
maximum number of patients belonged to 20-50 years of age (see table-1). Post-Reduction Pauwel’s angle Type - I were 
14 patients, Type – II were 20 patients and Type – III were noticed in 14 patients. 
 
Table 1: Age wise distribution of patients with union and nonunion 

Age Group in years  No. of patients  Union Nonunion 
10-20 n =  5 5 (100%) 0 

21-30 n = 11 6 (54.55%) 5 (45.55%) 

31-40 n = 12 10 (83.33%) 2 (16.66%) 

41-50 n = 11 7 (63.64%) 4 (36.36%) 

51-60 n = 7 3 (42.86%) 4 (57.14%) 

61-70 n = 2 1 (50%) 1 (50%) 

Total  48 34 14 

Out of 30 patients of DHS group, 21united and 9 were failed to union. Out of 18 patients of CC screw group 13 were 
united and 5 were non-united. All over 34 patients were united and 14  patients were nonunited observed in our study. In 
our study it has been observed that union rate was decreasing with raising of age(see table 1 ). 
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Table 2: Implant wise distribution of patients with union and nonunion 

Implant  No. of Patients Union Nonunion 
DHS n = 30 21 (70%) 9 (30%) 

6.5 CC Screw n = 18 13 (72.72%) 5 (27.18%) 

Total 48 34 14 
 
It has been concluded in our study that as the Post -Reduction Pauwel’s Angle was increasing the Union rate was 
decreasing from 41.18 % in 21-30 degree to 2.94 % in 60-70 degree(see table –3 and fig.4). 
 
Table 3: Distribution of patients according to Post Reduction Pauwel’sangle  with union and nonunion. 

Pauwel’s Angle in  
Degree 

No. of patients Union Nonunion 

10-20 0 0  0 

21-30 14 14  ( 41.18%) 0 

31-40 14 12  (35.29%) 2 

41-50 6 4    (11.76%) 2 

51-60 9 3    (8.82%) 6 

61-70 4 1    (2.94%) 3 

71-80 1 0 1 

Total 48 N= 34 14 
 

Table 4: Distribution of patients according to post reduction pauwel’sanglewith used implant wise  

Pauwel’s Angle  
in degree 

DHS  6.5 mm CC screw 

10-20 0 0 

21-30 9 ( 9, 0 ) 5 ( 5, 0 ) 

31-40 9 (7, 2 ) 5 (5, 0 ) 

41-50 4 (3, 1 ) 2 (1, 1 ) 

51-60 4 (1, 3 ) 5 (2, 3 ) 

61-70 3 (1, 2 ) 1 (0, 1 ) 

71-80 1 (0, 1 ) 0 

 30 ( 21, 9 ) 18( 13, 5 ) 

 
Final clinical outcome assessed on basis of Harris Hip Score and showed that 81 % were fair to excellent and 19 % with 
poor results(see table 5). 
 
Table 5: Final clinical outcome 

Result Harris Hip 
Score 

Percentage No of patients DHS CC Screw 

Excellent 90-100 18.75 9 6 3 

Good 80-90 47.92 23 13 10 

Fair 70-79 14.58 7 4 3 

Poor 69 or less 18.75 9 7 2 

Discussion 

German surgeon Friedrich Pauwel (1885-1980)[6] focused on biomechanical factor that influenced bone growth and 
repair in fracture neck of femur. He divided the force R (the sum of all forces acting upon the hip joint) into a partial 
force P, consisting solely of the pressure encountered between the head and neck fragments, and a force S, which 
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represent the force pushing down from 
which produces union. If P is less than S, shear and tension forces superven
shearing force is defined as the uninhibited shear force Ks. Thus three types of fracture may be defined:
 
Type  I                                                            
Mechanical load produces                        
functional compression force.                  
 
 
 

        

Figure 1: Original illustration by Pauwels1935

      
Figure 2 : Pre-op X ray                         Immediate Post
 
Asnis and Sgaglione   surgically treated the fracture neck of femur with 6.5 mm CC screw fixation which placed in 141 
patients [30]. Husby et al [31] and Selvan
fracture neck of femur. Krastman  et al
series. 
 
Hulth  A. (1961) found an increased risk of nonunion in pauwel’s 
fracture treated by internal fixation [34].
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shearing force is defined as the uninhibited shear force Ks. Thus three types of fracture may be defined:

                                                            Type II                                            Type III 
                  The mechanical load produces           The mechanical load
                shear forces and latent compression.  Producesuninihibited

                  shear force coupled with 
                  tension force  
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al illustration by Pauwels19356: Classification of femoral neck fractures. 

        
Immediate Post-op Xray                         After 1 Year 

Asnis and Sgaglione   surgically treated the fracture neck of femur with 6.5 mm CC screw fixation which placed in 141 
and Selvan [32] favoured the application of the CC screw in  a triangular fashion to fix the 

Krastman  et al [33] showed incidence of AVN was 6 % and 2  patients has nonunion in his 

Hulth  A. (1961) found an increased risk of nonunion in pauwel’s type III  in a series of 42 displaced intracapsular neck 
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Asnis and Sgaglione   surgically treated the fracture neck of femur with 6.5 mm CC screw fixation which placed in 141 
the application of the CC screw in  a triangular fashion to fix the 

showed incidence of AVN was 6 % and 2  patients has nonunion in his 

type III  in a series of 42 displaced intracapsular neck 
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Boyd and Salvatore (1964) used the pauwel’s classification but stated that a Pauwel’s type – I fracture was 
impacted,Pauwel’s type –II fracture was displaced with a transverse fracture line, and a Pauwel’s type –III fracture was 
displaced with the oblique fracture line [35]. 
 
Eklund and Eriksson (1964) stated results were better for Pauwel’s Type –I fracture on a series of 53 cases [36].Frank 
Liporce et al (2008) evaluated a large consecutive series of high shear angle (> 70 degree) femoral neck fractures to learn 
more about the outcome, complications and performance of various internal fixation strategies[37]. 37 fractures were 
treated with CC screws and 25 with a fixed angle device with mean age was 42 years in his series. There was an 
Nonunion of 7(19%) of the 37 fractures treated with CC screw fixation as compared with 2 (8%) of 25 fractures treated 
with a fixed angle device. AVN occurred after treatment of 7(11%) of 62 fractures. 
 
A recent study in 2009 by Majernicek M et al [38] found 73.4% union rate in fracture neck of femur fixed with DHS 
while 26.6% complication though the average age was 21.5 years in the study. In our study it has been 70% union and 
30% nonunion if fracture treated with DHS and 72.72% union and 27.18% nonunion if fixed with 6.5 mm CC 
screwalthough average age was 45 years. 
 
Although all previous studies described in literature were correlate their results with Pre-Reduction Pauwel’s Angle in 
fracture neck of femur but in our study we correlated results with Post-Reduction Pauwel’s Angle. Failure rate were not 
significantly different, this study documents the challenging nature of this fracture pattern and ideal fixation device 
remains undefined. 

Conclusion 

Post Reduction Pauwel’s Angle is a good guide to know 
the stability of fractures and decrease in this angle 
corrects shearing instability at the fracture site. We had 
concluded that higher the post reduction pauwel’s 
angle, union rate was decreased. Nonunion and AVN 
are two most common challenging complications and 
more difficult to treat as compare to fracture neck of 
femur itself. With encouraging results from our study, 
we came to the conclusion that this was another attempt 
to protest against defeatism to the “unsolved fracture”. 
Initial fracture displacement and disruption of the 
femoral head blood flow are contributing factors that 
are out of surgeon’s control. However, there are other 
factors under the surgeon’s control that can minimize 
and prevent these complications one of them may be 
valgus osteotomy. This study indicates that with vertical 
fracture line,probably a valgus osteotomy might help in 
decreasing the incidence of nonunion. 
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