
 
)558( 

COPYRIGHT 2024 © BY THE ARCHIVES OF BONE AND JOINT SURGERY 

 
Corresponding Author: Tyler J. Brolin, Department of Orthopaedic 
Surgery and Biomedical Engineering, University of Tennessee Health 
Science Center-Campbell Clinic, Memphis, TN, USA 

Email: tbrolin@campbellclinic.com 

 
Arch Bone Jt Surg. 2024;12(8): 558-566   Doi: 10.22038/ABJS.2024.77880.3588 http://abjs.mums.ac.ir 

 

THE ONLINE VERSION OF THIS ARTICLE  
ABJS.MUMS.AC.IR 

 

Copyright © 2024 Mashhad University of Medical Sciences. This work is licensed under a Creative Commons Attribution-
Noncommercial 4.0 International License https://creativecommons.org/licenses/by-nc/4.0/deed.en       

 
 

RESEARCH ARTICLE 
 

Internal Rotation Measurements: Correlation 
between Vertebral Body Level and Goniometer 
Measurements on Functional Outcome Scores 

Eric J. West, MD; Derek T. Dixon, BS; Thomas W. Throckmorton, MD; David L. Bernholt, MD; 
Frederick M. Azar, MD; Tyler J. Brolin, MD 

Research performed at University of Tennessee Health Science Center-Campbell Clinic Department of Orthopaedic Surgery and 
Biomedical Engineering, Memphis, TN, USA 

Received: 5 February 2024 Accepted: 23 May 2024 

Abstract 

Objectives: Reverse total shoulder arthroplasty (rTSA) has shown success in the treatment of end -
stage glenohumeral pathology. However, one major shortcoming has been the lack of internal rotation 
(IR), which can have significant functional consequences. Much research has been conducted to 
maximize IR after rTSA, but the literature is unclear which measurement of IR re presents the “gold 
standard” between vertebral level and goniometer-based measurements. 

Methods: Patients were prospectively enrolled into one of three groups: postoperative from rTSA, subacromial pain 
(SA), and normal. IR measurements were obtained either by the vertebral body level, by which radiographic markers 
indicated the highest level that the patient was able to reach on the body midline; or by using a goniometer while 
the shoulder was in 90-degree abduction as the patient stood upright. 

Results: Comparisons between the radiographic vertebral level and goniometer IR measurements showed 
significant correlations within the normal (r = - 0.43, P = 0.02) and SA pain groups (r = - 0.44, P = 0.02). The rTSA 
group did not quite reach statistical significance (P = 0.11), but had a moderate correlation coefficient (r = - 0.33). 
Accuracy of visual IR measurements was also significant. All rTSA group vertebral level measurements were within 
two vertebral levels, while only 84.6% of IR measurements by goniometer were within 15 degrees. Visual vertebral 
level measurements were found to be more accurate for the SA pain group (86.2 vs 66.7%). 

Conclusion: A comparison of the two primary IR measurement methods for shoulders was shown to have a 
correlation. This would allow for direct comparison of different literature using only one measurement method. While 
the correlation is not yet strong enough to allow for conversion between the two measurement types, creating a 
matched cohort taking into account other factors may lead to the correlation reaching this point. 

        Level of evidence: III 

        Keywords: Internal rotation, Range of motion, Rotator cuff, Shoulder arthroplasty, Shoulder pain 

 
 

Introduction

everse total shoulder arthroplasty (rTSA) has 
quickly grown in popularity as a surgical option for 
patients with shoulder conditions that were 

previously viewed as difficult to treat. From 2012 to 2017, 
the incidence of rTSA increased from 7.3 to 19.5 per 
100,000.1 While many surgeons view the rTSA as a viable 

option for numerous shoulder pathologies, the procedure 
has some disadvantages. One major concern is the creation 
of an internal rotation (IR) deficit for the operative 
extremity, which leads to difficulties with activities of daily 
living (ADLs) such as maintaining hygiene.2-7  

Range of motion (ROM) is one assessment tool used to 
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gauge a patient’s outcome after rTSA. While viewed as objective, the measurement is affected by patient age, sex, 
arm dominance and evaluator experience. Additionally, 
there are three recognized methods of measuring IR, and 
very few correlations have been made between them. The 
most used measurement method evaluates the most cranial 
vertebral level reached behind the back. While up to 90% of 
investigations use this method, inexperienced examiners 
can be off by up to two vertebral levels.8 Due to concern for 
reliability, validity, and accuracy, some investigations 
attempt to use a goniometer for measurement; this can 
either be done in a standing position with the shoulder 
abducted and elbow flexed, leaving the scapula 
unstabilized, or a similar arm position while lying down to 
stabilize the scapula.9,10,4 Even though some researchers 
view goniometer measurements as more objective, there 
has been little success showing any correlation between 
goniometer and vertebral level measurements, and no 
studies have directly compared their accuracy.11,12  

Several biomechanical studies have investigated surgical 
techniques and implants that would improve rTSA IR 
results, including the use of a lateralized glenoid design and 
subscapularis repair.2,13-18 Other investigators have focused 
on body mass index (BMI), age, and preoperative function 
that exhibit some effect on the final outcome, but IR appears 
to be the overarching driving force.10,19,20,6,21,22 To quantify 
IR effects on function, patient-reported outcome 
measurements (PROMs) are the most commonly used 
method. The primary purpose of this study was to 
determine if vertebral level and goniometer measurements 
of IR had a correlation, thus allowing investigations using 
either measurement method to be more easily compared 
and extrapolated. Secondary purposes included 
determining if either IR measurement was objectively more 
accurate by direct comparison, and to investigate IR 

measurements and their effect on PROMs. We hypothesized 
that a correlation would be present between vertebral level 
and goniometer measurements throughout ROM, and 
patients with higher IR measurements would have 
improved PROMs compared with those with lower IR 
measurements. 

Materials and Methods 
Patient Selection 

A retrospective cohort study was performed following 
institutional review board approval (21-08238-FB). Three 
cohorts of patients were created, all of which included 
patients from 18 to 80 years old, beginning in 2015 to 2023. 
Those who underwent rTSA were required to have at least 
12 months of follow-up, only one shoulder with pathology, 
and to have suffered a unilateral rotator cuff injury. Patients 
who underwent revision shoulder arthroplasty, bilateral 
rTSA, and arthroplasty for trauma were excluded. A second 
cohort was composed of patients who suffered from 
subacromial pain (SA) for at least six months without 
undergoing invasive intervention. The final cohort 
contained individuals with “normal” shoulders who denied 
any preceding shoulder pain or pathology. Informed consent 
was obtained from each patient for an additional 
anteroposterior spinopelvic radiograph (aside from 
standard shoulder radiographs). 

A total of 87 patients were studied, equally allocated across 
the three groups. Patient demographics were largely found 
to be similar across the groups, except for age which was 
significantly younger in the “normal” shoulder cohort and 
oldest in the rTSA group [Table 1]. 

 
Table 1. Descriptive summary of baseline characteristics 

Internal Rotation 

Covariate Statistics Normal (N=29) SA Pain (N=29) RTSA (N=29) P-value<0.0001 

 
Age 

Mean 
Std Deviation 

54.3 
12.3 

64.5 
11.6 

69.8 
6.5 

 
<0.0001 

 
Sex 

Male 
Female 

16 (55%) 
13 (45%) 

17 (59%) 
12 (41%) 

12 (41%) 
17 (59%) 

 
0.79 

 
Extremity 

Right 
Left 

13 (45%) 
16 (55%) 

16 (55%) 
13 (45%) 

16 (55%) 
13 (45%) 

 
0.60 

 
Race 

White 
Black 

22 (76) 
7 (24%) 

24 (83%) 
5 (17%) 

24 (83%) 
5 (17%) 

 
0.52 

         * The P-value is calculated by ANOVA 
          RTSA, Reverse total shoulder arthroplasty; SA, subacromial 

 
 

Operative Description and Post-operative Protocol 
  For patients who underwent rTSA, both medial glenoid, 
lateral humeral and lateral glenoid, medial humeral designs 
were used per investigator preference. All patients 
underwent a standard deltopectoral approach from a 
shoulder and elbow fellowship-trained surgeon. 
Subscapularis peel was performed if applicable and the 

subscapularis was repaired in all cases if the tendon was in 
good enough condition to facilitate a repair. At return clinic 
visits, radiographs were reviewed by the operative surgeon 
to ensure there were no signs of scapular notching or 
loosening. All patients then underwent a standardized 
physical-therapy program beginning at two weeks after 
surgery. 
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Patient Cohort Design 
  Patients were evaluated for ROM and PROMs. Each patient 

underwent ROM testing, and IR was measured in two ways. 

First, the patient would complete a maximal effort reach 
behind his/her back to obtain a vertebral level 
measurement; a radiographic marker was placed at the most 
cranial thumb position on the back after the maneuver. The 
treating physician would then provide a visual vertebral level 
measurement that was recorded before obtaining an x-ray to 
show the radiographic vertebral level. The radiographic 
vertebral level was determined by the attending surgeon, 
then confirmed by a second provider through radiographs. 
The most cranial vertebral level measurement (T5) was 
given a value of 1, and the most cephalad vertebral level 

measurement (buttock) was given a value of 15. A second IR 
measurement was obtained via goniometer. The patient 
remained in an upright position with his/her shoulder 
abducted to 90 degrees and elbow flexed to 90 degrees. From 
this neutral position, an IR movement was completed with 
maximal effort, and a provider used a goniometer to measure 
the degree of IR achieved. Before leaving the clinic, the 
patient completed three PROM questionnaires: Visual 
Analog Scale (VAS), American Shoulder and Elbow Surgeons 
(ASES) score, and Single Assessment Numeric Evaluation 
(SANE) score.  

Statistical Analysis 
  Statistical analysis was completed through the study 
organization's Biostatistics, Epidemiology, and Research 
Design (BERD) Clinic. A power analysis showed that a 
minimum of 25 patients were required in each study group, 
and after using the inclusion/exclusion criteria 29 patients 
were found for each cohort. Quantitative data were analyzed 
using either ANOVA, t-tests or Pearson correlation 
coefficients. Categorical data were analyzed using either chi-
squared or Fisher exact tests. Statistical significance was set 
at P < 0.05. 

Results 
  The IR measurements used for comparison within each 
study group included a radiographic vertebral level and a 
goniometer-based value. The treating physicians provided a 
visual vertebral level measurement before learning the 

radiographic vertebral level. All three study groups showed 
no significant difference in visual vertebral level and 
radiographic vertebral level, and this lack of a difference 
continued when examining the entire cohort of 87 patients 
(P = 0.197). While the visual and radiographic vertebral 
levels showed a global similarity, multiple patients (8/87) 
had a visual level of 3 or more different from the radiographic 
level. Four of these patients were in the “normal” group and 
three were part of the SA pain group. Comparisons between 
the radiographic vertebral level and goniometer IR 
measurements showed significant correlations within the 
normal (r = -0.43, P = 0.02) and SA pain groups (r = -0.44, P = 
0.02) [Table 2, Figure 1]. While the rTSA group did not reach 
statistical significance (r = -0.33, P = 0.11), it appeared to be 
approaching significance since the r-value suggested a 
moderate correlation could be found.  

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Table 2. Comparison of measurement methods: goniometer vs. radiographic vertebral level  

Cohorts  Statistics Goniometer_IR Radiographic_VL        P-value R-value 

 
Normal 

Mean 
Std Deviation 

70.0 
15.3 

5.9 
3.0 

0.27 
 

-0.43 

 
SA pain 

Mean 
Std Deviation 

47.2 
19.5 

8.1 
4.1 

0.15 
 

-0.44 

 
RTSA 

Mean 
Std Deviation 

54.8 
14.8 

9.5 
3.6 

0.32 
 

-0.33 

    IR, internal rotation; RTSA, Reverse total shoulder arthroplasty; SA, subacromial; VL, vertebral level 

Figure 1. Correlation of the Goniometer vs. 
Radiographic Vertebral Measurement between the 
study groups 
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Accuracy of visual IR measurements was investigated; 

some measurements were noted to be significant. All of the 
rTSA group vertebral level measurements were within two 
vertebral levels, while only 84.6% of IR measurements by 
goniometer were within 15 degrees. A Student t-test of the 
rTSA group values showed that the measured and estimated 
vertebral levels were so close that the P-value was 0.88. The 
goniometer measurements were also noted to be similar, 
creating a P = 0.16. Visual vertebral level measurements 
were found to be more accurate for the SA pain group as well 
when using the same parameters (86.2 vs 66.7%). The SA 
pain group did not have as close of a match among each 
measured versus estimated vertebral level measurement as 
the t-test produced a P-value of 0.0002, but the goniometer 
measurements actually produced an insignificant P-value of 

0.29. 
All three patient groups showed statistically significant 

differences in all but one of the PROMs investigated. [Table 
3] VAS scores for the “normal” group were the lowest of the 
three groups at 0.52 + 1.3; the SA pain group was the highest 
at 4.8 + 2.2; and the rTSA group was between the others at 
1.4 + 2.4. The SA pain group was significantly higher in 
comparison with the normal group (P < 0.001) and the rTSA 
group (P < 0.001), but the normal and rTSA groups showed 
no significant difference (P = 0.097). The ASES and SANE 
scores showed significant differences across all groups. 
Those scores followed the trend of 
normal>rTSA>subacromial pain groups from highest to 
lowest score values.  

 
Table 3.  Summary of patient-reported outcome measurements by shoulder cohort 

Covariate  Statistics Normal (N=29) SA Pain (N=29) RTSA (N=29)  P-value 

 
ASES score 

Mean 
Std Deviation 

92.6 
14.9 

54 
19.6 

81.8 
16.5 

 
<0.0001 

 
VAS score 

Mean 
Std Deviation 

0.52 
1.3 

4.8 
2.2 

1.4 
2.4 

 
<0.0001 

 
SANE score 

Mean 
Std Deviation 

95.3 
12.7 

58.4 
20.8 

82 
17.1 

 
<0.0001 

         IR, internal rotation; RTSA, reverse total shoulder arthroplasty; SA, subacromial; VL, vertebral level. Boldface denotes statistical significance 

 
ASES subscores involving IR were analyzed; no significant 

correlations were found for the rTSA group with either 
vertebral level measurements (P = 0.42) or goniometer 
measurements (P = 0.53) [Figures 2-6]. The “normal” group 
also failed to show any significant correlations in IR-related 
ASES subscores when compared with vertebral level 
measurements (P = 0.44). The SA pain group did exhibit a 

significant correlation: a negative correlation was found, 
suggesting lower vertebral level measurements result in 
lower IR subscores (r = -0.50, P = 0.005). This correlation 
was not replicated when analyzing the SA pain group using 
goniometer measurements (P = 0.09).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Regression for Normal group with VL  measurements and their ASES IR sub scores 
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Figure 3. Regression for Subacromial Pain group with vertebral level measurements and their ASES IR sub scores. 

Figure 4. Regression for rTSA group with vertebral level measurements and their ASES IR sub scores 
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Figure 5. Regression for Subacromial Pain group with goniometer measurements and their ASES IR sub scores 

Figure 6. Regression for rTSA group with goniometer measurements and their ASES IR sub scores 
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Discussion 
  Optimizing IR has been a primary focus for rTSA as the 
procedure is becoming more widely indicated. As literature 
investigating the importance of IR and how to maximize it 
becomes more prevalent, the ability to have a consistent, 
reproducible measurement method is required. 
Unfortunately, literature has shown a lack of consistency and 
correlation between various IR measurement methods. The 
goal of this investigation was to determine if there was any 
correlation between the two most commonly used methods. 
Additionally, the relationship between IR and ASES IR 
subscores was investigated to further elucidate IR’s 
importance for a patient’s function and ADL. 
  The most commonly utilized IR measurement method for 
papers investigating shoulder arthroplasty is vertebral body 
level. While the method is used frequently, multiple papers 
recognize the inaccuracy commonly associated with visual 
vertebral body level measurements, and most recognize the 
average error for this method is one to two vertebral 
levels.8,11,12 Interestingly, our data showed no significant 
differences when comparing the patient’s visual vertebral 
level measurement with the radiographically confirmed 
vertebral level (P = 0.197). In fact, 100% of estimated 
vertebral levels were within two of the radiographically 
measured vertebral levels for the rTSA group. This indicated 
that vertebral level measurements are an accurate, replicable 
way of determining an rTSA patient’s IR. The average 
difference between visual and radiographic measurements 
was 0.8 levels, a higher level of accuracy than previously 
published data. Each primary operating surgeon had nearly 
identical rates of visual vertebral level accuracy when 
comparing measured with estimated levels (69 vs 67%). 
These findings suggest that intraobserver reliability may be 
higher than the literature reports if the surgeon frequently 
uses the visual vertebral level IR measurement method.  
  Wanting to ensure the highest level of accuracy possible, we 
compared the radiographic vertebral level measurements 
with the goniometer measurements for each patient’s IR. The 
“normal” )r = -0.43, P = 0.02) and SA pain (r = -0.44, P = 0.02) 
cohorts showed a moderate correlation with statistical 
significance, while the rTSA group (r = -0.33, P = 0.11) had a 
moderate correlation that did not reach significance. Using 
the linear regressions created for each comparison between 
the three patient groups, a conversion from radiographic 
vertebral level to goniometer measurement was attempted. 
[Figure 1] Unfortunately, the goniometer measurements 
created through conversion from their respective 
radiographic vertebral levels were significantly greater than 
the values obtained in our study cohorts, indicating the 
correlations were not strong enough for direct conversion 
from one IR measurement method to the other. 
  Examining the correlation present for the “normal” 
shoulder cohort provides evidence that without any 
pathology present, a patient with a higher goniometer 
measurement will subsequently have a larger amount of IR 
observed through a vertebral level movement. The SA pain 
group exhibited a similar correlation, but as can be seen in 
Figure 1, that group had an overall lower IR ROM at baseline 

compared with the “normal” group. The primary 
demographic difference between these groups is age. Based 
on literature, if two populations of patients were examined, 
with the only difference being age, ROM in each plane would 
decrease with age.23 Since the SA pain group was significantly 
younger than the “normal” group, it would be expected to 
have a higher level of internal ROM if all else were equal. 
However, the opposite was true for our cohorts, so it can be 
assumed that pain was a significant driving factor in a 
patient’s ability to generate internal ROM for both 
measurements.  
  While the normal and SA pain groups showed significant 
correlations between goniometer and vertebral level 
measurements, the rTSA group exhibited a moderate 
correlation (r = -0.33), but it did not reach statistical 
significance (P = 0.11). Even though the correlation had not 
yet reached significance, it appeared to be trending in that 
direction. As has been described in other literature, patients 
with rTSA have decreased IR compared with the general 
population, which was seen in our data as well. Additionally, 
it has been suggested that vertebral level measurement for 
IR can be significantly affected by a patient’s BMI and 
shoulder extension.14,20  Plus, our data suggested that pain 
was an important driver of motion, or lack thereof, and the 
rTSA group had significantly higher scores than the “normal” 
patient cohort. These factors seemed to play enough of a role 
to limit the correlation strength and keep it from being 
significant. 
  We then investigated how IR measurements would affect 
the IR subscores of our PROMs, primarily involving the “wash 
back/hook bra” and “manage toileting” aspects. Neither 
method produced statistically significant correlations with 
the two IR-related subscore PROMs: vertebral level 
measurement had a P-value of 0.42, and goniometer 
measurement had a P-value of 0.53. Interestingly, there 
were significant correlations for the SA pain group, with a 
negative correlation suggesting lower vertebral level 
measurements result in lower IR subscores (r =-0.50, P = 
0.005). Goniometer failed to show a significant correlation, 
with a P-value of 0.09, suggesting that it was possibly 
approaching significance. This would suggest that IR was not 
the key driver in IR-related movements after a rTSA, but that 
pain was a bigger deterrent.  
  Looking at the PROM values more broadly, the only three 
correlations reaching significance were the “normal” group’s 
goniometer measurements compared with its SANE scores (r 
= 0.37, P = 0.045), and the SA pain group’s goniometer 
measurements compared with its VAS scores (r = 0.049, P = 
0.007) and ASES scores (r = 0.42, P = 0.025). The two 
strongest correlations between ROM and 
subjective/functional outcome scores involved those 
experiencing the most pain (i.e. the SA pain group). Even 
though the goniometer to SANE score did not reach 
significance, it appeared to be moving in that direction (r = 
0.29, P = 0.130); these correlations continued to suggest pain 
to be a primary driving force of a patient’s ability to complete 
IR. Next, the rTSA group failed to produce any IR 
measurement correlations with PROMs that reached 
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significance. Previous literature proposed that 100 degrees 
of IR was required for a functional level of IR.6 Our data 
refuted this proposal as three-fourths of the rTSA patients 
had an ASES or SANE score greater than 80, yet none had 
100+ degrees of IR measurements by goniometer. Newer 
literature has recommended transitioning from strict IR 
measurements to measuring a patient’s ease of completing 
multiple tasks requiring shoulder IR. Much of this literature 
has viewed the necessary IR reached somewhere between L1 
and L4 by vertebral level measurement method.13,4,5 Our data 
does not show a specific level of IR associated with a 
significantly improved functional level for the rTSA group, as 
patients with both higher and lower internal ROM exhibited 
high PROM scores examining functionality. While no 
significant trend was observable, rTSA patients with higher 
VAS scores clustered more frequently in the lower ASES and 
SANE score ranges, thus further suggesting that pain was a 
primary variable affecting a patient’s ability to perform IR. 
  Our study had several limitations. It was not age matched, 
which affected the generalizability and interpretation of the 
results. There was also a lack of preoperative data for the 
rTSA group; while this couldn’t be used for comparison with 
the other cohorts, other literature has suggested that 
preoperative function affects postoperative outcomes; 
additionally, the extent of the rotator cuff injury before 
surgery also had an effect, and neither of those variables 
were taken into account.21,7  Lastly, BMI was not measured or 
matched; it has been shown to affect a patient’s ability to 
abduct an arm, thus changing the amount of IR that can be 
obtained through a vertebral level measurement.10 One way 
to possibly combat the difference in body habitus of patients 
would be to use an IR measurement that stabilizes the 
scapula, thus isolating IR through the shoulder. This can be 
accomplished by obtaining a goniometer measurement 
while the patient is supine on a table with his/her scapula 
stabilized, leaving the arm in a space with freedom of motion 
for greater than 90 degrees of IR. 

Conclusion 
A comparison of the two primary IR measurement 

methods for shoulders, vertebral level and goniometer, 
was shown to have a correlation from our data set. This 
would allow for direct comparison of different literature 
using only one measurement method. While the 
correlation was not yet strong enough to allow for 
conversion between the two measurement types, creating 
a matched cohort taking into account other important 
factors, such as BMI and shoulder extension, may lead to 
the correlation reaching this point. Additionally, visual 
vertebral level measurements appeared to be slightly more 

accurate than visual goniometer measurements for in-
office use when the surgeon was well versed in obtaining 
IR measurements. Finally, the IR-related subscores of the 
PROMs did not have any significant correlation with a 
patient’s overall IR ROM, thus suggesting other factors 
affect a patient’s ability to perform these movements 
primarily involving IR. 

Acknowledgement 
N/A 

Authors Contribution:  
Eric West: Conceived, designed, and performed analysis; 
collected data, wrote paper. 
Derek T. Dixon: Collected data, contributed data or 
analysis tools, performed analysis. 
Thomas W. Throckmorton: Supervised study, reviewed 
final draft of manuscript. 
David L. Bernholt:  Wrote paper 
Frederick M. Azar: Supervised study, reviewed final draft 
of manuscript.  
Tyler J. Brolin: Conceived and designed analysis, 
supervised study, reviewed final draft of manuscript. 

Declaration of Conflict of Interest: The authors have no 
disclosures to report. 

Declaration of Funding: The authors received NO financial 
support for the preparation, research, authorship, and 
publication of this manuscript. 

Declaration of Ethical Approval for Study: This study was 
approved by the Institutional Review Board of the University 
of Tennessee Health Science Center (21-08238-FB). 

Declaration of Informed Consent: 

Not required for retrospective cohort study 
 
Eric J. West MD 1 
Derek T. Dixon BS 1 
Thomas W. Throckmorton MD 1 
David L. Bernholt MD 1 
Frederick M. Azar MD 1 
Tyler J. Brolin MD 1 

1 Department of Orthopaedic Surgery and Biomedical 
Engineering, University of Tennessee Health Science Center-
Campbell Clinic, Memphis, TN, USA 

 

References 

1.  Best MJ, Aziz KT, Wilckens JH, McFarland EG, Srikumaran U. 
Increasing incidence of primary reverse and anatomic total 
shoulder arthroplasty in the United States. J Shoulder Elbow 
Surg. 2021; 30(5):1159-1166. doi:10.1016/j.jse.2020.08.010. 

2.  Hochreiter B, Hasler A, Hasler J, Kriechling P, Borbas P, 

Gerber C. Factors influencing functional internal rotation 
after reverse total shoulder arthroplasty. JSES Int. 2021; 
5(4):679-687. doi:10.1016/j.jseint.2021.03.005. 

3.  Kiet TK, Feeley BT, Naimark M, et al. Outcomes after shoulder 
replacement: comparison between reverse and anatomic 



(566) 

 

 

 
  

 

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR 
VOLUME 12. NUMBER 8. August 2024 

COMPARING INTERNAL ROTATION MEASUREMENTS 

total shoulder arthroplasty. J Shoulder Elbow Surg. 2015; 
24(2):179-185. doi:10.1016/j.jse.2014.06.039.  

4.  Southard EJ, Ode G, Simon P, et al. Comparing patient-
reported outcome measures and physical examination for 
internal rotation in patients undergoing reverse shoulder 
arthroplasty: does surgery alter patients' perception of 
function? J Shoulder Elbow Surg. 2021; 30(7S):S100-S108. 
doi:10.1016/j.jse.2021.01.020. 

5.  Kim MS, Jeong HY, Kim JD, Ro KH, Rhee SM, Rhee YG. 
Difficulty in performing activities of daily living associated 
with internal rotation after reverse total shoulder 
arthroplasty. J Shoulder Elbow Surg. 2020; 29(1):86-94. 
doi:10.1016/j.jse.2019.05.031. 

6.  Baek CH, Kim JG, Baek GR. Restoration of active internal 
rotation following reverse shoulder arthroplasty: anterior 
latissimus dorsi and teres major combined transfer. J 
Shoulder Elbow Surg. 2022; 31(6):1154-1165. 
doi:10.1016/j.jse.2021.11.008. 

7.  Wirth B, Kolling C, Schwyzer HK, Flury M, Audigé L. Risk of 
insufficient internal rotation after bilateral reverse shoulder 
arthroplasty: clinical and patient-reported outcome in 57 
patients. J Shoulder Elbow Surg. 2016;25(7):1146-1154. 
doi:10.1016/j.jse.2015.11.010. 

8.  Rojas J, Joseph J, Srikumaran U, McFarland EG. How internal 
rotation is measured in reverse total shoulder arthroplasty: a 
systematic review of the literature. JSES Int. 2019;4(1):182-
188. doi:10.1016/j.jses.2019.10.109. 

9.  Triplet JJ, Everding NG, Levy JC, Moor MA. Functional internal 
rotation after shoulder arthroplasty: a comparison of 
anatomic and reverse shoulder arthroplasty. J Shoulder 
Elbow Surg. 2015; 24(6):867-874. 
doi:10.1016/j.jse.2014.10.002. 

10.  Hochreiter B, Wyss S, Gerber C. Extension of the shoulder is 
essential for functional internal rotation after reverse total 
shoulder arthroplasty. J Shoulder Elbow Surg. 2022; 
31(6):1166-1174. doi:10.1016/j.jse.2021.11.006. 

11.  Ginn KA, Cohen ML, Herbert RD. Does hand-behind-back 
range of motion accurately reflect shoulder internal rotation? 
J Shoulder Elbow Surg. 2006; 15: 311e4. 
https://doi.org/10.1016/j.jse.2005.08.005. 

12.  Edwards TB, Bostick RD, Greene CC, Baratta RV, Drez D. 
Interobserver and intraobserver reliability of the 
measurement of shoulder internal rotation by vertebral level. 
J Shoulder Elbow Surg. 2002;11(1):40-42. 
doi:10.1067/mse.2002.119853. 

13.  Gruber MD, Kirloskar KM, Werner BC, Lädermann A, Denard 
PJ. Factors associated with internal rotation following reverse 

shoulder arthroplasty: a narrative review. JSES Rev Rep Tech. 
2022; 2(2):117-124. doi: 10.1016/j.xrrt.2021.12.007. 

14.  Rol M, Favard L, Berhouet J. Factors associated with internal 
rotation outcomes after reverse shoulder arthroplasty. 
Orthop Traumatol Surg Res. 2019; 105(8):1515-1519. 
doi:10.1016/j.otsr.2019.07.024. 

15.  Aleem AW, Chamberlain AM, Keener JD. The functional 
internal rotation scale: a novel shoulder arthroplasty 
outcome measure. JSES Int. 2019; 4(1):202-206. 
doi:10.1016/j.jses.2019.10.002. 

16.  Coscia AC, Matar RN, Espinal EE, Shah NS, Grawe BM. Does 
preoperative diagnosis impact patient outcomes following 
reverse total shoulder arthroplasty? A systematic review. J 
Shoulder Elbow Surg. 2021; 30(6):1458-1470. 
doi:10.1016/j.jse.2020.10.003. 

17. Monir JG, Abeyewardene D, King JJ, Wright TW, Schoch BS. 
Reverse shoulder arthroplasty in patients younger than 65 
years, minimum 5-year follow-up. J Shoulder Elbow Surg. 
2020; 29(6):e215-e221. doi:10.1016/j.jse.2019.10.028. 

18. Collin P, Rol M, Muniandy M, Gain S, Lädermann A, Ode G. 
Relationship between postoperative integrity of 
subscapularis tendon and functional outcome in reverse 
shoulder arthroplasty. J Shoulder Elbow Surg. 2022; 
31(1):63-71. doi:10.1016/j.jse.2021.05.024. 

19. Eichinger JK, Rao MV, Lin JJ, et al. The effect of body mass 
index on internal rotation and function following anatomic 
and reverse total shoulder arthroplasty. J Shoulder Elbow 
Surg. 2021; 30(2):265-272. doi:10.1016/j.jse.2020.06.008. 

20. Friedman RJ, Flurin PH, Wright TW, Zuckerman JD, Roche CP. 
Comparison of reverse total shoulder arthroplasty outcomes 
with and without subscapularis repair. J Shoulder Elbow 
Surg. 2017; 26(4):662-668. doi:10.1016/j.jse.2016.09.027. 

21. Liu B, Kim JU, Kim YK, Jeong HJ, Oh JH. Clinical outcomes of 
reverse shoulder arthroplasty and rotator cuff repair in 
patients with massive rotator cuff tears without 
osteoarthritis: comparison using propensity score matching. J 
Shoulder Elbow Surg. 2022; 31(10):2096-2105. 
doi:10.1016/j.jse.2022.02.040. 

22. Monir JG, Tams C, Wright TW, Parsons M, King JJ, Schoch BS. 
Preoperative factors associated with loss of range of motion 
after reverse shoulder arthroplasty. J Shoulder Elbow Surg. 
2021; 30(10):e621-e628. doi:10.1016/j.jse.2021.02.010. 

23. Gill TK, Shanahan EM, Tucker GR, Buchbinder R, Hill CL. 
Shoulder range of movement in the general population: age 
and gender stratified normative data using a community-
based cohort. BMC Musculoskelet Disord. 2020; 21(1):676. 
doi:10.1186/s12891-020-03665-9.

 
 

 


