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Dynamic track-based modification (Dynamic Track
InstabilityManagement Score) of current shoulder
instability scores is a highly reliable alternative
for decision making in anterior instability
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Parimal Malviya, MS(Orth)a
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bDepartment ofOrthopaedic Surgery, SirHNRelianceFoundationHospital andResearchCenter,Mumbai,Maharashtra, India

Background: Shoulder instability scoring systems (Instability Severity Index [ISI] Score and the Glenoid Track Instability Management
Score [GTIMS]) use radiographic or computed tomographic (CT) scan measurements for scoring bone loss. Radiologic methods are
known to have variable reliability, and this variability can affect decision making. The purpose of this study was to assess reliability,
reproducibility, and diagnostic validity of a new dynamic track-based score, the Dynamic Track Instability Management Score
(DTIMS), and to compare these with current gold standard scores for predicting the necessity for a bony reconstruction procedure.
The hypothesis was that DTIMS will have greater agreement and inter-observer reliability (IOR) for bone defect assessment, and in
decision making for soft tissue vs. bony surgery.
Methods: Between February 2023 and October 2024, a total of 108 patients with traumatic anterior shoulder instability were evaluated
clinically and using radiographs and CT scans, by 2 independent observers. Radiographs were used to identify glenoid and humeral head
defects, and 3D CT scans were used to classify defects as on- and off-track. The data were used to calculate 2 shoulder scores (GTIMS
and ISI score). During arthroscopy, a Dynamic Arthroscopic Standardized Test (DAST) was used to classify defects into on- and off-
track, and DTIMS was calculated. Cohen kappa was used to evaluate IOR for bone loss assessment for the ISI score (Hill-Sachs on
external rotation and loss of inferior glenoid contour on anteroposterior radiograph), and for DTIMS and GTIMS (on- and off-
track), and for determining the need for bone or soft tissue surgery for all 3 scores. IOR for total scores was assessed using the intraclass
correlation coefficient (ICC). Diagnostic validity of DTIMS was assessed against the ISI score and GTIMS, and sensitivity, specificity,
positive and negative predictive values, and diagnostic accuracy were reported.
Results: IOR for total score was excellent (ICC >0.9) for all 3 scores. IOR for identification of significant bone defects was near perfect
(k ¼ 0.94, P < .001) in DTIMS, and was substantial (k ¼ 0.69, P < .001) in GTIMS. However, IOR was moderate (k ¼ 0.47 glenoid,
0.58 Hill-Sachs, P < .001) with the radiographic method used in ISI score. Similarly, IOR for surgical decision making was near perfect
for DTIMS (k ¼ 0.91, P < .001) and GTIMS (k ¼ 0.85, P < .001) and was lower (k ¼ 0.74, P < .001) for ISI score. DTIMS showed the
highest sensitivity (89%, 91%) for predicting a bony procedure, and ISI score showed the highest specificity (78%, 81%) when
compared with GTIMS.
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Conclusion: Substituting the image-based assessment of bone defects with dynamic track method (ie, DAST) resulted in a highly reli-
able scoring system (DTIMS) that can be used as an alternative to current gold standard scores (ISI score and GTIMS) for decision-
making in anterior shoulder instability.
Level of evidence: Basic Science Study; Development and Validation of Classification System
� 2025 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights are reserved, including those for text and data mining, AI
training, and similar technologies.
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Table I Dynamic Track Instability Management Score
(DTIMS)

DTIMS prognostic factors Score

Age at surgery, yr
�20 2
>20 0

Type of sport
Contact or forced overhead 1
Other 0

Level of competition in sport
Competitive 2
Recreational or none 0

Shoulder hyperlaxity
Confirmed anterior or inferior hyperlaxity 1
Normal laxity 0

Dynamic track classification of bone loss using
DAST
On-track (central and peripheral) 0
Off-track 4

Total score 10

DAST, Dynamic Arthroscopic Standardized Test; GTIMS, Glenoid Track

Instability Management Score; ISIS, Instability Severity Index Score.

Non–bone loss prognostic factors are the same in DTIMS, GTIMS, and

ISI. Bone loss assessment is performed using the dynamic track

method (DAST).
Decision making in shoulder instability is based on
several clinical factors and on imaging-based assessment of
glenohumeral bone loss. Shoulder instability scoring sys-
tems use a summation of risk factors to identify failure risk
after an arthroscopic soft tissue repair. Two commonly used
scores are the Instability Severity Index (ISI) score and the
Glenoid Track Instability Management Score (GTIMS).2,12

Both scores are based on a 10-point scale in which 6 points
are determined by clinical factors (age <20 years [2
points], involvement in competitive sports [2 points], con-
tact sports or with forced overhead activity [1 point], and
shoulder hyperlaxity [1 point]) and 4 points are allocated to
significant bone defects. The ISI score score uses radio-
graphic criteria to recognize a significant Hill-Sachs lesion
(HSL; anteroposterior shoulder radiograph in external
rotation [2 points]) and a significant glenoid defect (inferior
glenoid contour loss on a true anteroposterior shoulder
radiograph [2 points]). Di Giacomo et al12 proposed a
modification of the ISI score that replaced the radiographic
determination of bone defect severity in ISI score with a
computed tomographic (CT) scan–based on- and off-track
classification and allocated 4 points to an off-track lesion
in GTIMS. Further studies have reported on the disadvan-
tages of the CT scan method: (1) CT or magnetic resonance
imaging–based measurements are reported to have poor
and variable reliability14,24; (2) when measured under dy-
namic conditions, glenoid track widths are significantly
smaller than those under static conditions20,24,27; and (3)
the peripheral or near-track lesions within the on-track
group are at risk of recurrent instability with a soft tissue
repair.4,17,18,28,29 To overcome these disadvantages of the
radiologic track method, Bhatia et al8 evaluated a Dynamic
Arthroscopic Standardized Track (DAST) method and
suggested that the highly reliable DAST could be incor-
porated into current decision-making algorithms to reduce
variability associated with the static nature of radiologic
measurements. In the present study, we propose a modifi-
cation of currently used shoulder instability scores (ISI
score and GTIMS) by substituting the image-based
component with a dynamic track method (ie, DAST)
(Table I).

This study aims to assess the reliability, reproducibility,
and diagnostic validity of a new dynamic track score, the
Dynamic Track Instability Management Score (DTIMS),
and to compare these with current gold standard scores (ISI
score and GTIMS) for predicting the necessity of a bony
reconstruction procedure. The hypothesis was that in
comparison with the currently used shoulder instability
scores, DTIMS will have greater reliability and interob-
server agreement for bone defect assessment and in deci-
sion making for soft tissue vs. bony surgery.
Methods

Between February 2023 and October 2024, consecutive patients
who presented with recurrent dislocations and subluxations were
prospectively evaluated clinically and radiologically to confirm
traumatic anterior shoulder instability. In addition to standard
shoulder radiographs, all patients underwent both a magnetic
resonance imaging and a CT scan and were further assessed
intraoperatively by arthroscopic evaluation. Institutional permis-
sions and institutional review board approval was obtained, and
patients who consented to be a part of the study were retrospec-
tively evaluated. We included patients with 2 or more episodes of
recurrent dislocations and subluxations, with clinical symptoms
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and signs of anterior instability (positive apprehension and other
tests). We excluded (1) patients who did not consent to participate
in the study, follow-up, or opted for conservative treatment; (2)
patients with painful instability (acute episodes, evolving stiff-
ness); (3) patients with a failed previous soft tissue surgery or
bone grafting procedure; (4) presence of concomitant full-
thickness rotator cuff tear; and (5) patients with additional pos-
terior or multidirectional instability.

Clinical profile and evaluation

Clinical data documented for each patient included gender, age at
the time of undergoing surgery, number of instability episodes and
mechanisms, type and level of sport played, and use of the ex-
tremity in forced overhead activity. Instability was assessed with
shoulder apprehension tests for anterior and posterior directions.
Ranges of motion were documented. Hyperlaxity was evaluated
independently by 2 fellowship-trained shoulder surgeons, in the
anterior direction (external rotation greater than 85� with the arm
at the side) and in an inferior direction (positive Gagey hyper-
abduction test).15 In addition, generalized joint hypermobility was
identified using the Beighton criteria (with scores �4 indicating
hypermobility).5

Radiologic evaluation

All patients included in the study underwent magnetic resonance
imaging to assess the soft tissue injury from anterior instability.
Bone defects were evaluated using standard radiographs (true
anteroposterior view, and anteroposterior view in external rota-
tion) and using a CT scan. The images were reanalyzed using
DICOM software by 2 fellowship-trained shoulder surgeons with
significant previous experience in radiologic measurement tech-
niques. The patient was not identified at the time of radiologic
analysis, and all measurements were performed in a time frame
that differed from the time of surgery to avoid bias in measure-
ments. Glenoid bone loss (GBL) was assessed on CT scans (3-
dimensionally reconstructed en face sagittal views) by the best-fit
circle method.1,3,6,7 GBL was calculated as the diameter of the
defect divided by the diameter of the best-fit circle and was
converted to a percentage. The Hill-Sachs interval (HSI) length
was measured at the point of maximum distance from the medi-
almost aspect of the HSL to a line drawn in the plane of the greater
tuberosity (medial aspect) on 3-dimensionally reconstructed hu-
meral head.12,13,19 The glenoid track (GT) was calculated using
the mathematical formula described by Di Giacomo et al12

(GT ¼ 0.83 � [D – d]), in which D is the diameter of the gle-
noid best-fit circle and d is the width of anterior GBL). Based on
this, HSLs were classified as on-track or off-track lesions.

Arthroscopic evaluation

All patients included in the study underwent dry arthroscopic
evaluation in the beach-chair position. A standardized method of
evaluation, DAST, described earlier by Bhatia et al8 was used to
classify defects into on-track (central and peripheral) and off-track
lesions. Two experienced surgeons performed the test during
surgery, and the interpretation was documented independently.
DAST was performed as follows: In the beach chair position (40�
inclination), the arm was supported using a standard arm-
positioning device. Before surgical preparation and draping, the
arm-positioning device was attached in a way that would facilitate
shoulder movement up to 120�-130� of abduction and elevation, as
well as 20�-30� of horizontal extension beyond the coronal plane.
Using a posterior portal arthroscopic approach, the HSL was
visualized by abducting the arm in the scapular plane. The
orientation of HSL was aligned with the anterior glenoid rim
(AGR) by changing the abduction angle in the scapular plane until
the longitudinal axis of the HSL was parallel to the AGR. If
necessary, the shoulder was further abducted, horizontally
extended, or externally rotated to achieve parallel HSL-AGR
alignment as a starting point (Fig. 1). Thereafter, the humeral
head was displaced anteriorly using firm thumb pressure (defined
as maximum pressure possible without physically moving the
patient from the beach chair positioner) applied to the posterior
aspect of the humeral head; the end-point was achieved when no
further anterior displacement was possible. With the humeral head
in maximum anterior displacement, the HSL was visualized and
defined as on-track (central or peripheral) or off-track based on the
criteria described by Bhatia et al8 (ie, on-track central ¼ HSL
between bare area and AGR, on-track peripheral ¼ HSL displaced
up to AGR without ‘‘engagement,’’ and off-track ¼ HSL trans-
lated beyond GR and ‘‘engaging’’) (Fig. 1).

Instability scores

Using clinical and radiologic data, anterior shoulder instability
scores (ISI score and GTIMS) were calculated prior to surgery.
During arthroscopic assessment, data obtained from DAST was
used to calculate DTIMS. All scores were calculated indepen-
dently by 2 observers. Based on the scores obtained, a theoretical
decision to perform either a soft tissue procedure (score �3) or a
bony (Latarjet) procedure (score �4) was documented.12,21-23

Statistical analysis

The data were entered into Microsoft Excel, and statistical anal-
ysis was carried out in Stata version 14.0 software (StataCorp LP,
College Station, TX, USA). Cohen kappa statistic, along with its
95% confidence intervals, was calculated to evaluate the agree-
ment between 2 observers for DTIMS as well as for GTIMS and
ISI score, in diagnosing on-track vs. off-track lesions and deter-
mining the need for bone or soft tissue surgery. Kappa statistics
were also employed to assess interobserver agreement in identi-
fying HSLs and loss of glenoid contour on radiographs. Inter-rater
reliability for total scores was assessed using the intraclass cor-
relation coefficient (ICC). Cohen k values were interpreted as
follows: 0 ¼ no agreement, 0.1-0.2 ¼ slight agreement, 0.21-
0.4 ¼ fair agreement, 0.41-0.6 ¼ moderate agreement, 0.6-
0.8 ¼ substantial agreement, 0.81-0.99 ¼ near perfect agreement,
1 ¼ perfect agreement. ICC values were interpreted as follows:
<0.5 ¼ poor, 0.5-0.75 ¼ moderate, 0.75-0.9 ¼ good,
>0.9 ¼ excellent. Furthermore, kappa statistics were applied to
evaluate the agreement between different methods (eg, DTIMS vs.
GTIMS, DTIMS vs. ISI score, and GTIMS vs. ISI score) for
diagnosing on-track and off-track lesions, as well as in surgical
decision making for bony or soft tissue procedures. Lastly, the
diagnostic validity of DTIMS was assessed against both ISI score
and GTIMS, and sensitivity, specificity, positive and negative



Figure 1 Intraoperative technique of performing the Dynamic Arthroscopic Standardized Test (DAST) is demonstrated. The shoulder is
abducted in the scapular plane and externally rotated or extended to align the Hill-Sachs lesion (HSL) with the anterior glenoid (G), and the
humeral head is translated anteriorly with manual pressure (top images). DAST is interpreted as follows: on-track central if the HSL is
between the bare area and the anterior glenoid rim (bottom left image), on-track peripheral if the HSL is displaced up to the anterior glenoid
rim without ‘‘engagement’’ (bottom middle image), and off-track if the HSL is translated beyond and engages the anterior glenoid rim
(bottom right image).
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predictive values, and diagnostic accuracy were reported. Simi-
larly, the diagnostic validity of GTIMS was assessed against the
ISI score, and the validity of the ISI score was evaluated against
GTIMS. A P value of <.05 was considered statistically
significant.
Results

Patient demographics

A total of 108 patients (14 female; 94 male) underwent
radiologic imaging and arthroscopic evaluation for this
study. There were 62 right and 46 left shoulders (64
dominant, 44 nondominant). Mean age at surgery was 26
years (range, 13-52 years). Thirty-eight patients were
competitive athletes (contact or overhead sports), and 12
were recreational athletes. Thirty-four patients were found
to be hyperlax, with a mean Beighton score of 6 (range 4-
8). A bony procedure (Latarjet procedure) was performed
in 68 patients, whereas arthroscopic soft tissue repair
(anterior labral repair, labral repair and remplissage, and
superior labrum anterior-posterior tear repair and/or biceps
tenodesis) was performed in the remaining 40.

Interobserver reliability for bone loss assessment
and decision making

The overall percentage agreement and k values for identi-
fication of significant bone defects (radiographic [ISI
score], CT scan [GTIMS], and dynamic [DTIMS]) are
presented in Table II. Interobserver reliability for total score
in each of the 3 methods was excellent (ICC >0.9). Inter-
observer reliability for identification of significant bone
defects was near perfect (k ¼ 0.94, P < .001) with the
dynamic method used in DTIMS and was substantial
(k ¼ 0.69, P < .001) with the CT scan method used in
GTIMS. However, reliability was lower (moderate,
k ¼ 0.47/0.58, P < .001) with the radiographic method
used in ISI score for significant Hill-Sachs and glenoid



Table II Interobserver agreement and reliability of radiographic (ISI), CT scan (GTIMS), and arthroscopic (DTIMS) methods for bone
loss assessment and decision making in 3 instability scores

Bone loss assessment method % agreement P value
for %
agreement

95% CI, % Interobserver
reliability: k

ICC for total
score between 2
observers

Radiographic method (ISI) 0.92 (0.88-0.94)
Loss of inferior glenoid contour
(true AP radiograph)

75 <.001* 65.8-82.8 0.47 (0.28-0.62)
Moderate agreement

Hill-Sachs lesion (AP radiograph in ER) 88 <.001* 80.3-93.4 0.58 (0.35-0.74)
Moderate agreement

Soft tissue vs. bony surgery 87 <.001* 79.2-92.7 0.74 (0.59-0.84)
Substantial agreement

CT scan method (GTIMS) 0.94 (0.91-0.96)
On- and off-track classification 90.7 <.001* 83.6-95.5 0.69 (0.49-0.83)

Substantial agreement
Soft tissue vs. bony surgery 92.3 <.001* 85.9-96.8 0.85 (0.71-0.92)

Nearly perfect agreement
Arthroscopic method using Dynamic

Arthroscopic Standardised
Test DAST (DTIMS)

0.97 (0.96-0.98)

On- and off-track classification 97.2 <.001* 92.1-99.4 0.94 (0.83-0.98)
Nearly perfect agreement

Soft tissue vs. bony surgery 95.4 <.001* 89.5-98.5 0.91 (0.79-0.96)
Nearly perfect agreement

ISI, Instability Severity Index; CT, computed tomography; GTIMS, Glenoid Track Instability Management Score; DTIMS, Dynamic Track Instability

Management Score; AP, anteroposterior; ER, external rotation; CI, confidence interval; ICC, intraclass correlation coefficient.
* Statistically significant.
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defects. Similarly, interobserver reliability for surgical de-
cision making was near perfect for DTIMS (k ¼ 0.91,
P < .001) and GTIMS (k ¼ 0.85, P < .001), and was lower
(substantial, k ¼ 0.74, P < .001) for ISI score.
Interscore reliability for bone loss assessment and
decision making

The overall percentage agreement and k values (interscore
comparison) for identification of on- and off-track bone
defects (GTIMS and DTIMS) and for decision making
between soft tissue and bony surgery for 3 scores (ie, ISI
score, GTIMS, and DTIMS) are presented in Tables III-V.
For both examiners, the DAST method identified approxi-
mately 36% (39 of 108) of lesions as off-track, and 66% (26
of 39) of these dynamic off-track lesions were identified as
off-track by the CT method. Similarly, the CT scan method
identified approximately 19% (21 of 108) as off-track, and
66% (13 of 21) of these radiologic off-track lesions were
found to be off-track by the dynamic method. Overall, 57%
(62 of 108) of patients were predicted to require a bony
procedure during surgery when scored with DTIMS. In
comparison, 43% (46 of 108) of patients were predicted to
require a bony procedure when scored with GTIMS, and
45% (49 of 108) with ISI score. DTIMS showed only a fair
agreement with GTIMS (k ¼ 0.24, P < .003) for diagnosis
of on- and off-track defects, and moderate agreement with
GTIMS (k ¼ 0.5, P < .001) and ISI score (k ¼ 0.4,
P < .001) for surgical decision making (Tables II and III).
Similarly, GTIMS showed moderate agreement (k ¼ 0.5,
P < .001) for surgical decision making when compared
with ISI score (Table IV).
Interscore diagnostic validity

DGTIMS was compared to GTIMS and ISI score, and
GTIMS and ISI score were compared using either GTIMS
or ISI score as the gold standard for prediction of a need for
bony procedure for instability surgery. Diagnostic validity
indices of the 4 combinations are shown in Table VI.
DTIMS showed high sensitivity compared with GTIMS and
ISI score, and ISI score showed high specificity compared
with GTIMS.
Discussion

The most important finding of this study is that substituting
the imaging-based component of ISI score and GTIMS
with a dynamic track-based method in DTIMS showed
near-perfect interobserver reliability for on- and off-track
lesion identification and for predicting the need for soft
tissue or bony procedure. Interscore agreement was mod-
erate and comparable between all 3 scores. Our hypothesis



Table III Overall quantification and interscore reliability (percentage agreement and Cohen k) of 2 scores (GTIMS and DTIMS) for
identification of on-track vs. off-track lesion identification, and for decision making (soft tissue vs. bony surgery) for 2 observers

Scoring system (for on-track vs. on- and off-track
identification)

% agreement Cohen k P value

GTIMS Total

On Off

DTIMS
Observer 1
On 61 8 69
Off 26 13 39 68.5 (58.9-77.1) 0.24 (0.02-0.40)

(Fair agreement)
.003*

Total 87 21 108
Observer 2
On 63 7 70
Off 26 12 38 69.4 (59.8-78.0) 0.24 (0.02-0.40)

(Fair agreement)
.003*

Total 89 19 108

Scoring system (for soft tissue vs. bony surgery) % agreement Cohen k P value

GTIMS Total

Soft
tissue

Bony

DTIMS
Observer 1
Soft tissue 41 5 46
Bony 21 41 62 75.9 (66.8-83.6) 0.53 (0.34-0.66)

(Moderate agreement)
<.001*

Total 62 46 108
Observer 2
Soft tissue 42 3 45
Bony 22 41 63 76.9 (67.8-84.4) 0.55 (0.36-0.68)

(Moderate agreement)
<.001*

Total 64 44 108

GTIMS, Glenoid Track Instability Management Score; DTIMS, Dynamic Track Instability Management Score.
* Statistically significant.
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was proved correct: when compared with the 2 other scores,
DTIMS showed higher reliability for on- and off-track
lesion identification, and equivalent (compared with
GTIMS) or slightly better reliability (compared with ISI
score) for predicting the need for soft tissue or bony pro-
cedure. Therefore, DTIMS is a reliable alternative to
currently used scoring systems for decision making in
anterior shoulder instability.

The ISI score was devised and validated by Balg and
Boileau2 and was the first ever instability score that could be
used in an outpatient setting for surgical decision between soft
tissue repair vs. a Latarjet procedure. The authors suggested
that a bony procedure was indicated if the ISI score was �6
points. Further studies found that a lower threshold value of
�4 points was more predictive of recurrent insta-
bility.10,21,22,25 Jankaouskas et al16 suggested that radio-
graphic loss of the sclerotic anterior glenoid line is only
moderately sensitive for glenoid bone loss. Dekker et al10

found that using radiographs for identification of significant
bone loss was inaccurate when compared with CT scan
measurements and did not correlate with outcomes. Subse-
quently, Boileau and Balg9 recommended that incorporating
preoperative advanced imaging (CT scans or magnetic reso-
nance imaging) to assess bone loss more accurately would
complement the decision-making process when using ISI
score. In the current study, we evaluated the reliability of bone
loss assessment on radiographs and when using CT scans and
a dynamic arthroscopic (ie, DAST) method; our results vali-
date the findings of Dekker et al and show lower reliability of
the radiographic method (moderate agreement) for humeral
and glenoid bone loss when compared with the CT scan
method for on- and off-track classification (substantial
agreement). We found highest reliability (near perfect) with
the dynamic track method (ie, DAST) for on- and off-track
classification, and these results are similar to those
described in a previous study by Bhatia et al.8

DiGiacomo et al11,13 devised the CT scan–based glenoid
track concept to represent combined humeral and glenoid



Table IV Overall quantification and inter-score reliability (percentage agreement and Cohen k) of 2 scores (ISI and DTIMS) for
decision making (soft tissue vs. bony surgery) for 2 observers

Scoring system (for soft tissue vs. bony surgery) % agreement Cohen k P value

ISI Total

DTIMS Soft
tissue

Bony

Observer 1
Soft tissue 36 10 46
Bony 23 39 62 69.4 (59.8-78.0) 0.40 (0.20-0.55)

(Fair agreement)
<.001*

Total 59 49 108
Observer 2

Soft tissue 37 8 45
Bony 26 37 63 68.5 (58.9-77.1) 0.39 (0.19-0.53)

(Fair agreement)
<.001*

Total 63 45 108

ISI, Instability Severity Index; DTIMS, Dynamic Track Instability Management Score.
* Statistically significant.

Table V Overall quantification and interscore reliability (percentage agreement and Cohen k) of 2 scores (ISI and GTIMS) for decision
making (soft tissue vs. bony surgery) for 2 observers

Scoring system (for soft tissue vs. bony surgery) % agreement Cohen k P value

ISI Total

GTIMS Soft
tissue

Bony

Observer 1
Soft tissue 46 16 62
Bony 13 33 46 73.2 (63.8-81.2) 0.46 (0.27-0.61)

(Moderate agreement)
<.001*

Total 59 49 108
Observer 2

Soft tissue 51 13 64
Bony 12 32 44 51.5 (67.8-84.4) 0.52 (0.34-0.67)

(Moderate agreement)
<.001*

Total 63 45 108

GTIMS, Glenoid Track Instability Management Score; ISI, Instability Severity Index.
* Statistically significant.

Table VI Diagnostic validity parameters of 3 instability scores for predicting bony surgery in anterior shoulder instability

Parameter for diagnostic
validity

DTIMS vs. GTIMS
(GTIMS ¼ gold
standard)

DTIMS vs. ISI
(ISI ¼ gold
standard)

ISI vs. GTIMS
(GTIMS ¼ gold
standard)

GTIMS vs. ISI
(ISI ¼ gold
standard)

Observer
1

Observer
2

Observer
1

Observer
2

Observer
1

Observer
2

Observer
1

Observer
2

Sensitivity, % 89 93 80 82 67 71 72 73
Specificity, % 66 66 61 59 78 81 74 80
Positive predictive value, % 66 65 63 59 72 73 67 71
Negative predictive value, % 89 93 78 82 74 80 78 81
Diagnostic accuracy, % 76 77 69 66 73 77 73 77

DTIMS, Dynamic Track Instability Management Score; GTIMS, Glenoid Track Instability Management Score; ISI, Instability Severity Index.

Dynamic Track Instability Management Score 523
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bone loss as on- and off-track lesions. Thereafter, to over-
come the inaccuracy of radiographic views in ISI score, they
incorporated radiologic glenoid track into ISI score and
suggested a modified ISI score named glenoid track insta-
bility management score (GTIMS). In a clinical study, they
found that the ISI score showed a 2-fold increase in pre-
dicting a Latarjet in comparison to GTIMS. However, the
overall rate of recurrent instability in the GTIMS group after
arthroscopic Bankart repair was almost twice (8%) that of the
ISI score cohort (4.5%).12 Accuracy and reliability of the CT
method of on- and off-track classification have been ques-
tioned recently in literature, and the importance of dynamic
factors like joint laxity and capsulolabral tissue quality that
influence humeral head translation have been
highlighted.8,14,20,24,26-28 In order to overcome the draw-
backs of radiologic methods of bone loss assessment, a
standardized dynamic method (DAST) of classification of
bone defects into on- and off-track lesions was investigated
and found to be highly reliable when compared with radio-
logic measurements.8 In the current study, we modified the
GTIMS and ISI score by substituting imaging-based bone
defect classification with the DAST-based on- and off-track
classification. DTIMS identified twice the number of off-
track lesions (36%) in comparison with GTIMS (19%).
Not all radiologic off-track lesions were identified as off-
track on arthroscopy, and vice versa; this may be because
some of these lesions might have been interpreted as
peripheral-track morphology and some peripheral-track le-
sions as off-track by either method. The number of patients
predicted to need a bony procedure was marginally higher
with DTIMS (57%) when compared with GTIMS (43%) and
ISI score (45%), and the reliability for predicting a bony
procedure was near perfect with DTIMS (0.91) and GTIMS
(0.85), and lower with ISI score (0.74). Notably, this study
did not identify a difference in the number of predicted bony
procedures between GTIMS and ISI score as described in a
previous study.12 Lastly, for predicting a bony procedure,
DTIMS showed maximum sensitivity when compared with
either GTIMS (89%, 93%) or ISI score (80%, 82%), whereas
the ISI score demonstratedmaximum specificity (78%, 81%)
when compared with GTIMS.

DTIMS has several advantages over image-based scores:
(1) Dynamic tracking is an independent method that is
technically simple to perform in an intraoperative setting;
however, although DAST is standardized, it is still a sub-
jective method and preliminary training is necessary to be
able to perform it correctly. (2) DTIMS does not need
complex calculations, and radiation exposure from CT
scanners can be avoided; however, preoperative imaging is
crucial to understand the pathology prior to surgery. (3)
DAST has near-perfect interobserver reliability and agree-
ment, and this adds to the reliability of DTIMS. Finally, (4)
DTIMS has high sensitivity, and this makes it an important
tool for accurate decision making in high-risk patients
(contact sport athletes, individuals with hyperlax shoulder
joints). However, in clinical practice, preoperative imaging
provides valuable information on the extent of bony defects
and the on- and off-track nature of combined bone loss, and
this is important for surgical planning and patient coun-
seling. DTIMS should therefore be considered a useful
adjunct to preoperative imaging-based decision making in
anterior shoulder surgery, and not a substitute for it.

This study has limitations: First, a limited sample size of
108 patients was analyzed, and this number was based on
previous studies with a similar sample size.3,8 It is possible
that the results may be different if a very large sample size
is used. Second, dynamic tracking is subjective, and
incorrect technique can result in altered results and false
interpretation, thereby altering the score. Third, we were
not able to assess intraobserver reliability in this study as
the intraoperative DAST could be performed only once in
each patient. Lastly, DTIMS is a new score and needs
validation for clinical outcomes. Further studies are
necessary to evaluate and compare each scoring system to
determine the most accurate and reliable algorithm in the
management of anterior shoulder instability.
Conclusion
Substituting the image-based identification of bone de-
fects with a dynamic track method (ie, DAST) resulted
in a highly reliable scoring system, the DTIMS, that can
be used as an alternative to current gold standard scores
(ISI score and GTIMS) for decision making in anterior
shoulder instability.
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