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Abstract
Introduction: Intra-capsular hip fractures may present on a spectrum from clinical suspicion of an 
un-displaced fracture on the radiograph, to off-ended with no overlap between fracture fragments. 
Existing classification systems such as AO, Garden, and Pauwels classifications attempt to describe 
this, but they rely purely on the Antero-Posterior (AP) radiograph. These classifications have 
all been found to be unreliable. In this study we propose a new classification system that details 
the progressive displacement of an intra-capsular fracture into six grades based on the fracture 
characteristics on the AP and lateral radiographs. The aim is to determine if this classification system 
is predictive of the occurrence of fracture non-union or Avascular Necrosis (AVN) and compare 
against traditional classification methods.

Method: Data was collected from 2,262 intra-capsular hip fractures undergoing internal fixation 
between May 1989 and April 2019 at Peterborough City Hospital.

Results: Fracture non-union was observed for 338 (12.9%) patients and avascular necrosis 
in 141 (5.4%) patients.  The risk of fracture non-union increased for greater degrees of fracture 
displacement (5.2% to 36.8%, p<0.0001). For AVN the risk increased from 0.0% to 7.1% (p<0.0001) 
with increasing displacement. The overall risk of developing a fracture healing complication 
increased with progressive displacement (5.2% to 43.9%, p<0.0001). When classified using Garden 
classification; both non-union and avascular increased with increasing grade (non-union 5.9% to 
22.9% p=0.001), AVN (4.0% to 8.1% p=0.0001), and overall fracture healing complications (9.8% 
to 31.0%, p=0.0001).

Conclusion: The new classification system was found to be highly predictive of fracture healing 
complications following internal fixation of an intra-capsular fracture. We have also demonstrated 
significant improvement in predicting fracture healing complications compared to the abilities 
of the established classification system. Thus, this new classification system can be used to guide 
operative decision making.
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Introduction
The prevalence of hip fractures continues to rise as life expectancy increases. Surgical 

management of hip fractures is determined by the fracture pattern, degree of displacement and 
patients’ physical expectations of their hip. Intra-capsular neck of femur fractures has traditionally 
been classified using the Garden classification based on the Antero-Posterior (AP) radiograph alone 
[1], alternative classification systems include Pauwels [2] and the AO classification system [3]. The 
reliance on the AP radiograph alone to determine surgical management has been shown to change 
in almost a quarter of cases when the corresponding lateral radiograph is available to the Surgeon 
[4]. The value of the Garden and Pauwels classification has been questioned in its ability to predict 
non-union [5-7]. The AO and Garden classification have also been shown to demonstrate poor 
inter and intra-observer variability with poor reproducibility, suggesting their clinical use should 
be avoided [7, 8]. A simplified version of the Garden classification in which fractures have been 
categorized as either displaced or un-displaced, has been shown to improve inter and intra-observer 
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reproducibility compared to the traditional classification [9-11].

Intra-capsular neck of femur fractures may present on a spectrum 
from clinical suspicion on a radiograph, to completely off-ended 
on both the AP and lateral radiographs. Traditionally minimally 
displaced fractures have been managed with internal fixation. While 
those that are displaced are more likely to be treated with arthroplasty 
due to the high risk of fracture healing complications after internal 
fixation. This study aims to propose the use of a new classification 
system designed to assess both the AP and lateral radiographs to 
determine the degree of fracture displacement, and it’s potential 
to predict occurrence of fracture non-union or Avascular Necrosis 
(AVN).

Patients and Methods
The classification system is formed of six grades. To classify the 

fracture, the four ‘corners’ of the fracture are defined on both the AP 
and lateral radiographs. Displacement of 2mm or more at each corner 
of the fracture on either the AP or lateral radiograph is allocated 1 
point per corner (Figure 1). For those fractures which were displaced 
on all 4 corners, they were further subdivided into those in which 
were there was less (4a) or more than (4b) 50% displacement between 
fragments. If the lateral radiograph was of poor quality, then a best 
estimation was made. Examples of fractures for each of the grades is 
given in figures classification system is demonstrated in Figures 2-6.

Data from all patients with a hip fractures admitted to a single 
centre were prospectively recorded at the time of admission onto 
a local hip fracture database. This included the type of fracture, 
radiographic classifications including the new classification 
method, treatment, and subsequent follow up details. Patients were 
subsequently seen in a hip fracture clinic, and follow up radiographs 
performed as indicated. At one-year patients are either reviewed in 
the clinic or via a telephone consultation. For those describing any 
significant symptoms during a telephone consultation, a clinical 
review was arranged.

Fracture union was defined by complete obliteration of the 
fracture margins on both the AP and lateral follow-up radiographs. 
Non-union was identified from AP and lateral radiographs if there 
was displacement of the fracture with failure of the fracture to heal, 
or if there were still clearly visible fracture margins at one year from 
occurrence of the fracture. Avascular necrosis was defined as any 
patient with grade 2 or above necrosis as defined by the classification 
of Steinberg [12]. This included any patient with diffuse sclerosis of 
the femoral head, cyst formation, subchondral fracture, crescent sign, 
femoral head collapse or acetabular involvement.

Statistical evaluation between groups was using the chi-squared 
test. Reproducibility of the classification system was evaluated 
by assessing inter and intra-observer variability. The Intra-class 
Correlation Coefficient (ICC) and Cronbach alpha were calculated 
utilising the statistic software SPSS for inter and intra-observer 
reliability. A p-value of less than 0.05 was considered statistically 
significant.

Results
Between May 1989 and April 2019, 6148 patients with an acute 

intra-capsular fracture were admitted. Of these patients 2400 were 
treated by internal fixation and retention of the femoral head. 
Excluded from these patients were 29 patients with pathological 
fractures, 3 patients with later proven deep infection treated by 

excision arthroplasty, and 98 patients with incomplete classification 
of their radiographs. Lack of classification was generally due to 
a lateral radiograph not being available. Also excluded were six 
patients treated by unconventional implants and two patients who 
had a peri-prosthetic fracture treated by arthroplasty. This was two 
patients treated by a condylar plate fixation and four patients treated 
by intramedullary nail fixation. After these exclusions, 2262 patients 
remained in the study (Figure 7).

The mean age of the patients was 75.8 years (range 16 to 103), 
and 707 (31.3%) were male. The methods of fixation utilized were; 
multiple cancellous screws 1194 (52.8%), Targon hip screws 994 
(43.9%) and sliding hip screw 74 (3.3%). 92 (4.1%) patients died 
within 30 days of injury, and by one year of injury 439 (19.4%) had 
died. 10 (0.4%) patients were lost to follow up at one year (range of 
follow up 18-290 days). Mean length of radiographic follow up was 

Figure 6: Grade 4. For grade 4a the four ‘corners’ of the fracture has more 
than 2mm of displacement but there is less than 50% displacement between 
the two bone ends for grade 4b there is more than 50% displacement 
between the two bone ends.

Figure 7: Flow diagram detailing patients excluded from the study.

Figure 8: Incidence of non-union and Avascular Necrosis (AVN) for the new 
classification method.
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281 days. 222 (9.8%) of patients had no radiographic follow-up and 
were assessed via telephone consultation.

As detailed in table 1, fracture healing complications were found 
in 494 of 2262 (21.8%) of patients. The total number of fracture healing 
complications increased with fracture displacement, with 43.9% of 
grade 4b affected, compared to 5.2% in grade 0 (p value=<0.0001) 
(Figure 8). With progressive fracture displacement, non-union 
increased from 5.2% to 36.8% (p value= <0.0001), and AVN from 0.0% 
to 7.1% (p value=<0.0001) (Figure 4). When compared to Gardens 
classification (grades 1-4); total healing complications progressed 
from 9.8%-31.0% (p value=0.14), non-union from 5.9% to 22.9% (p 
value=0.0001) and AVN from 4.0% to 8.1% (p value=0.0001).

To confirm the functional use of the classification system as a 
clinical tool, the inter and intra-observer variability was assessed of 10 
Orthopaedic Surgeons grading 10 sets of antero-posterior and lateral 
radiographs of intra-capsular neck of femur fractures. The same 
radiographs were re-evaluated 1 month later by the same Surgeons. 
These showed excellent inter-observer reliability at >0.9 (95% CI 
0.994-0.999) with a Cronbach alpha 0.9, demonstrating good intra-
observer reproducibility.

Discussion
We found the proposed classification system can be utilized to 

describe the progressive displacement of an intra-capsular fracture, 
and predict the increasing risk of fracture healing complication 
occurring with increasing displacement of the fracture. To confirm 
the functional use of the classification system as a clinical tool, the 
inter and intra-observer variability has been performed which showed 
excellent inter-observer reliability. A number of additional factors will 
also aid in determine if an intra-capsular fracture is treated by internal 
fixation or arthroplasty. These include the patient’s preference, age 
and co-morbidities. This classification therefore allows for better 
decision making regarding the treatment of this fracture.

Using both the AP and lateral radiographs gave a more precise 
estimation of fracture displacement and it demonstrated a progressive 
risk of fracture healing complications from approximately 5% in 
the completely un-displaced fracture to 44% in the completely 
displaced grade 4b fractures. Garden 1 fractures are often described 
as impacted, but on the lateral view there may be progressive 
angulation at the fracture site into retroversion, which is not 
considered by the classification system. As the fracture progressively 
displaces it becomes more unstable, with increasing fracture healing 
complications [13, 14].

Previous classification systems for intra-capsular fracture have 
all been found to have limited value in predicting fracture healing 

complications. All previous systems use only the appearance of the 
fracture in the AP radiograph. The reliance on the AP radiograph 
alone to determine surgical management has been shown to change in 
almost a quarter of cases when the corresponding lateral radiograph 
is available to the Surgeon [4]. Regarding the Garden classification, 
the division into four grades has been shown to be of little use and 
suggested to divide grades into those fractures that are essentially 
un-displaced (grade 1 and 2) and those that are displaced (grade 3 
and 4) [9, 10]. This finding is confirmed in this study with Figure 
10 demonstrating that there was only a difference for grade 1 and 2 
fractures versus grades 3 and 4.

The Pauwels classification is based on the angle of the fracture 
line. Un-displaced fractures are more likely to have a more horizontal 
fracture line, with a lower risk of fracture healing complications. Even 
if only displaced fractures are considered it remains questionable if 
there is any increased risk of fracture healing complications for the 
more vertical fractures [6]. The more recent AO classification has nine 
grades and has been found to be only of value for predicting fracture 
healing complications for those fractures within the displaced groups, 
versus those in the un-displaced group [7, 8, 10].

Advantages of this study were the large patient numbers and 
the prospective collection of data. Fractures were classified using 
the new system on admission, and therefore without knowledge of 
the subsequent development of fracture healing complications. We 
included all patients to enable a fair representation of the risk of 
complications occurring at the point of operative decision making 
at admission. The hospital treating these patients was the only one 
in the city treating hip fractures and their complications, thus any 
subsequent complications following the fracture were generally 
referred back to the same unit.

A proportion of patients would have died before the potential 
development of fracture healing complications, and as such, a 
difficulty with this patient population is that of loss to follow up. 
There were also some patients who were unable to attend for a full 
radiographic follow up. To reduce the risk of missing fracture healing 
complications, all surviving patients were contacted at one year and 
any patient with significant symptoms related to the operative hip 
were asked to re-attend. These difficulties are inevitable with this 
frail population and the associated mortality of such an injury. This 
classification gives insight into predicting clinical outcomes following 
internal fixation at the time of admission. While there is a loss to 
follow up in this study, these losses would not be dissimilar to other 
institutions general practice.

In recent years there has been increased questioning of the choice 
of treatment for un-displaced intra-capsular fractures. A systematic 

New Classification Garden Classification (grades 1-4)

Grade Total cases Non-union (%) AVN (%) All complications Total cases Non-union (%) AVN (%) All complications

0 57 3 (5.2%) 0 (0) 3(5.2%)

1 309 12 (3.9%) 11 (3.6%) 23 (7.4%) 985 58 (5.9%) 39 (4.0%) 97 (9.8%)

2 481 23 (4.8%) 18 (3.7%) 41 (8.5%) 96 8 (8.3%) 2 (2.1%) 10 (10.4%)

3 323 34(10.5%) 15 (4.7%) 49 (15.2%) 701 162(23.1%) 61 (8.7%) 223(31.8%)

4a 856 178(20.8%) 80 (9.3%) 258 (30.1%) 480 110(22.9%) 39 (8.1%) 149(31.1%)

4b 239 88(36.8%) 17 (7.1%) 105 (43.9%)

Table 1: Incidence of fracture healing complications by grade of new classification system compared to the traditional Garden classification.
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review of un-displaced neck of femur fractures has shown increased 
fracture healing complications with internal fixation with 9-18% rate 
of conversion to arthroplasty [15]. Replacement arthroplasty has been 
suggested with signs of displacement of the fracture being used to 
influence of the choice of treatment. This study provides a mechanism 
for documenting the degree of displacement of the fracture, including 
that occurring on the lateral radiograph, and thereby may be used 
to determine the optimum choice of treatment. With the ability 
of the new classification system to reliably predict fracture healing 
complications, greater consideration should be given to manage 
grade 4a and particularly 4b type fractures with arthroplasty.

In summary this study reports on a new classification method for 
intra-capsular fractures that represents the progressive displacement 
of the fracture. Increased fracture healing complications were found 
for greater degrees of displacement. This classification system may 
therefore be used to assist in determining the most appropriate choice 
of operative management at the time of presentation.
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