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INTRODUCTION
Glenohumeral instability with recurrent shoulder dislocation is a 
commonly encountered problem in clinical practice, requiring both 
Computed Tomography (CT) and Magnetic Resonance Imaging 
(MRI) for complete evaluation [1,2]. Two major risk factors include 
Hill Sachs lesion and Bankart lesion, which can either be a soft 
tissue Bankart or a bony Bankart lesion. Glenoid bone loss results 
from a compression of the anterior glenoid rim during shoulder 
dislocations and represents the glenoid equivalent of a Hill-Sachs 
deformity [3-5]. Straightening of the anterior glenoid rim is the first 
finding seen on imaging [6]. As glenoid bone loss progresses, the 
anterior straight line lengthens and further progresses to become 
concave [6].

While soft tissue Bankart’s is conservatively managed, bony 
Bankart’s lesions require either arthroscopic or open surgery 
(Latarjet procedure) [7,8]. There is a higher incidence of arthroscopic 
failure with higher bone loss. Therefore, accurate evaluation of the 
glenoid bone loss is a prerequisite in deciding management of 
glenohumeral instability. Multiple modalities have been described 
to calculate the amount of bone loss. These include plain 
radiography, CT scan and MRI [9]. Many studies have compared 
the efficacy of these different modalities for evaluation of bone 
loss [10-13]. CT scan, especially the 3-dimensional CT (3D CT) 
technique, was proven to be the most accurate and hence widely 
used modality [4,9-12]. There are various methods to calculate 
bone loss on CT scan. These include Griffiths’ method [14], Best fit 
circle method [15], diameter method [16,17], surface area method 
[17] and Glenoid index [18]. These methods take into account the 
length, width and the area ratios of glenoid fossa on en-face view. 
The Griffith’s method is one of the earliest methods devised for 
bone loss quantification [14] by comparing the abnormal glenoid 
diameter with normal glenoid diameter and therefore cannot be 
used in bilateral shoulder dislocation. The Griffith’s method and 
most other described techniques necessitate scanning of both 
shoulders in all patients of shoulder dislocation increasing the 
radiation dose.

There is a need to have an accurate method of bone loss estimation 
which can be used unilaterally on the affected shoulder. Of all the 
available methods, Best fit circle method can be used unilaterally 
[15]. A search of the previously available English research literature 
did not reveal any study to compare various CT scan methods for 
evaluation of bone loss. In this study, the present authors compared 
the results of the two widely used methods for glenoid bone loss: 
Griffith index and Best fit circle method.

MATERIALS AND METHODS
A retrospective study was conducted on CT scan examinations 
of 34 patients, who underwent bilateral shoulder joints CT scan in 
the institute, between June 2016 to December 2017. The study 
was carried out in Smt. Kashibai Navale Medical College and GH, 
Pune, Maharashtra, India. The local ethics committee approved 
the study (App/2019/547). The patients of unilateral recurrent 
shoulder dislocations who underwent CT were included in the 
study. Patients with bilateral shoulder dislocations were excluded 
from the present study.

In the study institute, all CT scans are performed on a Multislice 
scanner (16 slice Revolution ACT, GE). The CT images are obtained 
with 0.875 collimation and 1 mm thickness using 50-160 mA, 
and 140 kVp with thin image reconstruction is done using high 
resolution bone algorithm in the axial plane with matrix size of 
512×512. This image data is used to obtain coronal and sagittal 
reformatted images. The sagittal en-face views along the long 
axis of the glenoid fossa are obtained on workstation to assess 
the glenoid bone loss. Both the shoulders are scanned in the 
axial plane. Multiplanar reconstructions are performed on the axial 
images to obtain enface images of glenoid fossa. For this study, 
plane of evaluation was perpendicular to the long axis of glenoid 
fossa. Anteroposterior measurements of both glenoid fossae were 
taken for Griffith’s index evaluation [Table/Fig-1] [14].

The Best fit circle method has been first described by Huijsmans 
PE et al., [15]. A Best fit circle was made on the inferior two-
thirds of the glenoid [Table/Fig-2]. The diameter of the circle and 

Abhijit D PAwAR1, VARShA P RAngAnkAR2, PRiyA R bhole3

 

Keywords: Bankart’s lesion, Best fit method, Griffith’s method, Shoulder dislocation

ABSTRACT
Introduction: An accurate estimation of the glenoid bone loss is 
an important factor in management of glenohumeral instability. 
Three-dimensional Computed Tomography (CT) technique is 
the most widely used modality. Various methods are used for 
glenoid bone loss calculations on CT.

Aim: To compare the two methods of glenoid bone loss 
evaluation namely, Griffith’s and Best fit circle method using 
three-dimensional CT. 

Materials and Methods: A retrospective study was 
conducted in which a total of 34 patients with recurrent 
shoulder dislocations who underwent computed tomography, 

were included in the study. Scans were reconstructed using 
multiplanar reconstructions and bone loss was evaluated using 
the Griffith’s index and Best fit circle method. Quantitative 
data were calculated as mean±SD. The chi-squared test was 
used to determine the p-value. 

Results: The mean for percentage glenoid bone loss using 
Griffith method was 18.8±6.6 and by best fit circle method was 
18.8±5.9. The p-value was 1 and the t value was 0, proving that 
there is no statistical difference between both these tests.

Conclusion: The results of the study showed that best fit circle 
method is comparable to Griffith’s method for estimation of bone 
loss (p=1) and can be used alone on the affected glenoid.
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[Table/Fig-1]: Griffith’s index: Anteroposterior (AP) measurements were calculated 
in both glenoid fossae perpendicular to the long axis of glenoid. The difference in AP 
diameter of affected and unaffected side divided by the AP diameter of the  unaffected 
side was used to calculate percentage bone loss.

[Table/Fig-2]: Best fit circle method (Pico method): Circle was positioned at the inferior 
two thirds of the glenoid. Transverse diameter of the circle (blue line) and the actual 
transverse dimension of the glenoid (orange line) was obtained. The difference between 
the two was divided by the diameter of the circle to calculate percentage bone loss.

The principle of measuring bone defects on sagittal en-face views 
along the long axis of the glenoid fossa is due to circular appearance 
of inferior aspect of glenoid. The circle made to determine the bone 
loss is made along the posterior, anterior and inferior margins of the 
glenoid fossa [19].

The percentage bone loss values using Griffith’s method and the 
Best fit circle method were compared and statistical difference 
between the use of these two methods was calculated. Severe 
bone loss was expressed as more than 25% bone loss [20].

STATISTICAL ANALYSIS
Data collected using Griffith’s method and the Best fit circle method 
was entered in an excel sheet. Statistical analysis was done using 
PRIMER software. Quantitative data were calculated as mean±SD. 
The chi-squared test was used to determine the p-value.

RESULTS
The glenoid bone loss was evaluated using the Griffith’s index and 
Best fit circle methods. The results are presented in [Table/Fig-3]. Out 
of 34 patients, 14 patients had bone loss of 5-15%, 16 patients had 
bone loss of 16-25% and 4 patients had bone loss of more than 
25% as calculated by both Griffith’s and Best fit circle methods. The 
mean for percentage glenoid bone loss using Griffith method was 
18.8±6.6 and by Best fit circle method was 18.8±5.9 [Table/Fig-4]. 
The means by both the methods were found to be the same and the 
t-value was 0 and p-value was 1. Thus, it was proved that results of 
both the methods were the same and these methods can be used 
together, either in conjunction or instead of each other for calculation 
of glenoid bone loss.

Amount of bone loss

number of patients (n=34)

griffith’s method best fit method

5-15% 14 14

16-25% 16 16

Severe bone loss >25% 4 4

[Table/Fig-3]: Classification of severity of bone loss using Griffith’s and Best fit circle 
method.

Mean (Ci 95%) SD p-value t value

Griffith’s method 18.8 6.6
1 0

Best fit circle method 18.8 5.9

[Table/Fig-4]: Statistical comparison between Griffith’s and best fit method.
CI: Confidence interval; SD: Standard deviation

DISCUSSION
Surgical success and type of surgical repair for glenohumeral 
instability is based on the Glenoid bone loss [8,12,21-24]. In cases 
of mild to moderate bone loss arthroscopic soft-tissue stabilisation 
can be done, whereas, severe bone loss requires bone augmentation 
with open surgery [6-12]. There is higher failure rate of arthroscopic 
approach with the increase in the size of glenoid loss and Hill-
Sachs lesions. Multiple studies have attempted various methods 
to characterise the glenohumeral bone loss to choose the surgical 
approach, preoperatively. However, no accepted definition of severe 
glenoid bone loss was found in the various available studies [25].

Rowe CR et al., described the relationship between amount of 
bone loss and risk of future redislocation after surgical treatment 
[25]. Many reports have tried to quantify the cut off values that may 
be used to decide between arthroscopic repair and open surgery 
with bone grafting for major glenoid bone loss [8,26]. According 
to Burkhart SS and De Beer JR, 67% of patients with a bone loss 
of 25% or more demonstrated redislocation after arthroscopic 
Bankart’s repair [27]. Also, Bigliani LU et al., reported an osseous 
loss of 25% of glenoid width as a significant glenoid bone loss in 
their study [20]. Dislocation frequency has been found to increase 
if bone loss is more than 15%, though 20%-25% is considered the 
threshold for severe bone loss [16,23]. The open surgery commonly 
performed is the Latarjet procedure for glenoid bone loss.

Griffith method is the oldest described method in the evaluation of 
bone loss [14]. This method assumes that one glenoid is normal and 
compares abnormal glenoid diameter with normal glenoid diameter. 
This does not hold true in cases of bilateral shoulder dislocation and 
hence, Griffith’s method cannot be used in these cases. In these 
patients, Best fit circle method can be performed. Also, to estimate 
bone loss using the Griffith’s method, patients need to undergo 
CT scan of both shoulders which further exposes the patients to 
additional radiation dose. Most other techniques that are described 
also take into account the contralateral shoulder, thus giving 
increased radiation dose. Another drawback of methods estimating 
bone loss by comparing both shoulders is that they cannot be used 
in bilateral dislocations.

Griffith’s method is found to be an accurate and reliable method for 
bone loss estimation [16] and of all the available methods, best fit 
method can be used unilaterally [15]. Therefore, the present authors 
compared both these widely used methods to estimate glenoid 
bone loss in the present study which revealed that results of both 
the methods were same (p-value=1) and these methods can be 
used together, either in conjunction or instead of each other. This is 
an important inference because, instead of scanning both shoulders 
for Griffith’s method which leads to increased radiation dose, only 
Best fit circle method can be used on the affected shoulder and get 
results which are comparable to highly accurate Griffith’s method. 
Similarly, this method can be used in cases of bilateral shoulder 
dislocation where Griffith’s method cannot be used.

the anteroposterior diameter of the glenoid at the same level were 
measured [15]. Glenoid bone loss was the difference in these two 
diameters and expressed both in absolute terms (in millimetres) and 
as a percentage of the overall Best fit circle diameter.
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LIMITATION
A small sample size, lack of gold standard in evaluation of 
glenoid bone loss methods and inability to confirm the bone loss 
intraoperatively are the limitations of the present study.

CONCLUSION
While a prerequisite for Griffith’s method is scanning bilateral 
shoulder joints, the Best fit circle method can be used unilaterally 
obviating the need for scanning of contralateral joint and thus 
reducing radiation dose. This is important as shoulder dislocation 
is a common entity in younger age groups where radiation doses 
have to be kept as low as possible. Best fit circle method also 
overcomes the drawback of Griffith’s method in bilateral shoulder 
dislocations.

The results of this study showed that Best fit circle method is 
comparable to Griffith’s method for estimation of bone loss (p=1) and 
can be used alone on the affected glenoid. This reduces the radiation 
dose as scanning of contralateral shoulder joint is not required.
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