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Glenoid Radiolucent Lines in Anatomic Total 
Shoulder Arthroplasty are Unaffected by Thrombin 

Glenoid Preparation

Abstract

Background: Modern glenoid cementing techniques for anatomic total shoulder arthroplasty has improved the 
ability to achieve a stable cement mantle, but the efficacy of adjunctive agents in glenoid preparation is unclear. The 
purpose of this study is to compare the early radiolucency rates of glenoids prepared with and without thrombin.

Methods: We identified patients between January 2017 and February 2019 undergoing primary anatomic TSA using 
two glenoid types. Group A glenoids had a cemented central peg without peripheral peg cementation, and Group 
B glenoids had cemented peripheral pegs without central peg cementation.  The first postoperative radiograph 
was assessed for radiolucent lines. All patients had the same glenoid preparation except some had the addition of 
thrombin as a preparation agent.

Results: We identified 83 Group A glenoids with and 63 without thrombin glenoid preparation, and109 Group B 
glenoids with and 48 without thrombin preparation. All Group A glenoids had no radiolucent lines and 5 (3%) Group 
B glenoids had radiolucent lines.  Use of thrombin showed no difference in early radiolucencies (p=1.00) in either 
Group.

Conclusion: The addition of thrombin as a preparation agent had no effect on early glenoid radiolucent lines in 
anatomic TSA, and its routine use should be reconsidered.

Level of evidence: III

Keywords: Anatomic Total Shoulder Arthroplasty, Glenoid Preparation, Glenoid Loosening, Glenoid Radiolucency, 
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Introduction

Anatomic total shoulder arthroplasty (TSA) with 
an all-polyethylene glenoid component has been 
shown as an effective, durable treatment for 

glenohumeral arthritis (1,2).  However, these glenoid 
components require cementation for placement, and the 
quality of the glenoid preparation and cement mantle are 
important to long-term glenoid stability (3,4). Although, 
the relationship between postoperative radiolucencies 
of the glenoid component and clinical loosening 
are incompletely understood, there is evidence that 
radiolucent lines are associated with implant loosening 
and failure (5–7). With radiolucency rates reported 
between 30-96% (3,8–10), glenoid preparation for 
cementation has been a focus of technique.  Modern 

cementing techniques include pulsatile lavage, vacuum 
mixing, cement pressurization (11,12), and drying to 
achieve stable cement mantles (13–15).  Drying agents 
such as thrombin(16) and hydrogen peroxide (17) have 
been proposed as important adjuncts prior to glenoid 
cementation, although the clinical utility of these 
agents in reducing early radiolucencies has not been 
evaluated with modern-day (pegged, hybrid) implants. 
The primary goal of our study was to compare the 
early radiolucent lines around all-polyethylene glenoid 
components prepared with and without thrombin.  We 
hypothesized that the addition of thrombin to glenoid 
preparation would have no effect on early radiolucency 
rates.
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and given a Lazarus grading score (4).  
All patients in this study underwent surgery in a 

hospital setting in the beach chair position. All surgeries 
were done through a deltopectoral approach.  After 
reaming the glenoid, all glenoids were irrigated with 
pulsatile lavage and suction dried.  Next, all glenoids in 
Groups A and B had either Surgicel (Ethicon, Johnson 
& Johnson, Somerville, NJ) alone or Surgicel soaked in 
thrombin for preparation. The Surgicel was placed into 
the peg holes that were to be cemented and then removed 
prior to cementing. Poly-methyl methacrylate cement 
(Simplex, Stryker, Kalamazoo, MI) (without adjunctive 
antibiotics) was applied using a catheter-tipped syringe 
for pressurization. Excess cement was removed prior to 
implant insertion.  All patients underwent immobilization 
in a sling and taught self-directed passive stretching 
exercises to start postoperative day 1.  All patients had a 
routine 10 to 21-day follow-up after surgery for wound 
evaluation and radiographs.  A Grashey view and axillary 
view radiograph were routinely obtained at this visit.

Images were first assessed as being interpretable for 
radiolucencies (yes/no).  Three or more observers had 
to agree that images were interpretable in order to be 
included in the analysis. If images were considered 
to be interpretable, the presence of radiolucent lines 
was assessed. If >50% of the reviewers (3/4 or 2/3) 
considered there to be radiolucent lines, then a positive 
radiolucent line was considered. Group B glenoids were 

Materials and Methods
We identified all patients between January 2017 

and February 2019 undergoing primary anatomic 
total shoulder arthroplasty by two fellowship-trained 
shoulder surgeons.  Two all-polyethylene, pegged glenoid 
implant types were chosen that were implanted with 
hybrid fixation.  Group A was a glenoid where the central 
peg was cemented without peripheral peg cementation 
[Figure 1] (DJO Surgical, Austin, TX), and Group B was 
a glenoid where the peripheral pegs were cemented 
without central peg cementation [Figure 2] (Depuy-
Synthes, Warsaw, IN).  Group A glenoids were implanted 
by the same surgeon at three different hospitals, one 
where thrombin was used and two where thrombin 
was not used. Group B glenoids were implanted by one 
surgeon who routinely used thrombin and another 
surgeon who did not at the same hospital.  The first 
postoperative true AP (Grashey view) radiograph taken 
10-21 days after surgery was collected for review to 
evaluate cement mantle preparation. Four blinded 
reviewers (all fellowship-trained shoulder surgeons) 
were asked to assess the ability to grade either the 
central or peripheral pegs, and then if possible, reviewers 
assessed for the presence of radiolucencies [Figure 1-2].  
Group A glenoids were cemented only in the central peg 
in all cases, and thus central peg radiolucencies were 
evaluated. Group B glenoids were cemented only in the 
peripheral three pegs, were evaluated for radiolucency, 

Figure 1. Examples of Group A glenoids, with red arrows indicating the central peg cement mantle we are evaluating. A) Shows no radiolucent 
lines, with good image quality. B) Shows a poor quality image due to bone overlap and an uninterpretable center peg. C) Shows no radiolucent 
lines, with adequate image quality due to malrotation. D) Shows a poor image quality due to rotation and overlying structures, but able to see 
no radiolucent lines around the center peg.
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additionally evaluated for Lazarus grades (4). Image 
quality was graded as good, adequate or poor based on 
penetration, rotation, bony overlap and ability to assess 
the cement mantle [1-2]. Demographic variables of age 
and gender were retrieved from the electronic medical 
record.

Fisher’s exact, chi-square, Wilcoxon rank-sum, and 
Student’s t-tests were completed between patients 
that had thrombin glenoid preparation versus those 
that did not dependent on the variable of interest. 
Multivariate analysis on radiolucency rates was unable 
to be completed due to the low incidence of radiolucent 
lines. We calculated agreement amongst reviewers for 
presence of radiolucency rates. JMP 14 PRO (SAS, Cary, 
NC) was used for statistical analysis.

Results
We identified 146 of 147 Group A glenoids with 

interpretable radiographs, 83 with thrombin and 
63 without thrombin. The average age of Group A 
glenoids was 67±7 years (range 37-84) at time of 
surgery, with 67/146 (46%) female and 79/146 (54%) 
male. We identified 157 of 163 Group B glenoids with 
interpretable radiographs, 109 with thrombin and 48 
without thrombin. The average age of Group B glenoids 
was 66±10 years (range 31-84), with 77/157 (49%) 
female and 80/157 (51%) male.  

In Group A glenoids, there were zero radiolucencies of 
the center peg.  There was also no difference between age 
(67±8, range 37-82 vs. 67±7 range 53-84 P=0.72), gender 

(31/63, 49% vs. 36/83, 43% female, P=0.51), or image 
quality (P=0.89) in patients that did or did not undergo 
thrombin glenoid preparation. In 12 patients (8%), one 
of four reviewers found a radiolucency.  If we considered 
one reviewer finding a radiolucent line as positive in 
Group A glenoids, there was no difference of radiolucent 
lines in patients that had thrombin preparation (5/83, 
6%) and those without (7/63, 11%) (P=0.36), and also 
no difference in age (P=0.10), gender (P=0.14), or image 
quality (P=0.38). The agreement percentage overall for 
radiolucency presence was 91% (95% CI: 85-95%), and 
for each individual rater was 96% (95% CI: 96-97%), 
94% (95% CI: 94-95%), 95% (95% CI: 94-95%), 97% 
(95% CI: 96-97%).

In Group B glenoids, there were 5/157 (3%) patients 
with radiolucent lines.  When comparing radiolucent 
lines in patients that had thrombin preparation 
(4/109, 4%) to those without (1/48, 2%), there was no 
difference in early radiolucencies (P=1.00). There was 
also no difference between age (66±10 range 36-82 vs. 
66±11 range 31-84 P=0.92), gender (26/48, 54% vs. 
51/109, 47% female, P=0.49), or image quality (P=0.10) 
in patients that did or did not undergo thrombin 
glenoid preparation. There was no relationship 
between radiolucent lines and Lazarus grade (P=0.20), 
age (P=0.27) or gender (P=0.20) for Group B glenoids. 
However, poor image quality was associated with 
presence of radiolucent lines (P=0.03).  The agreement 
percentage overall for radiolucency presence was 48% 
(95% CI: 40-55%), and for each individual rater was 

Figure 2. Examples of Group B glenoids. A) Shows a radiolucent line (red arrow) around in the inferior peripheral peg, Lazarus Grade 1 
radiolucency, and an adequate image due to some malrotation. B) Shows no radiolucent lines with an adequate quality image due to minor 
bony overlap of the superior peg. C) Shows no radiolucent lines with good image quality. D) Shows a poor image quality due to malrotation 
and an inability to assess the peripheral pegs.
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76% (95% CI: 74-77%), 78% (95% CI: 77-80%), 70% 
(95% CI: 68-72%), 62% (95% CI: 60-64%).

 
Discussion

We have evaluated two different all-polyethylene, 
hybrid glenoid designs both using modern cementing 
techniques with and without thrombin during glenoid 
preparation and found no difference in early radiolucency 
rates.  As a result, thrombin does not appear to have 
substantial value in preventing early radiolucent lines.  

Previous literature has established the importance 
of the cement mantle for implant stability (3,14).  The 
importance of pressurization of the bone-cement 
interface reduces radiolucent lines as compared to 
manual packing of the holes(9), and using a vacuum-
assisted weep hole technique has demonstrated improved 
cement interdigitation(12).  A previous clinical study 
evaluating three techniques of glenoid drying (gelfoam 
soaked thrombin, CO2 gas jet lavage and irrigation and 
drying) found no difference in radiolucency rates in a 
keeled glenoid design, but a significant difference in 
costs(16). Our current data appears to agree with these 
results in the pegged glenoid design for both centrally 
and peripherally cemented, hybrid designs.  A more 
recent study from 2013 using pegged components found 
again that pressurization with a luer-lock tip versus 
manual packing of peg holes was superior in preventing 
early radiolucency rates in a series of 100 consecutive 
patients (11).

The cost for a 5000-unit vial of thrombin was $42.48 in 
these cases, and has been reported up to $80-100(18). 
This could represent an annual cost-savings per case in 
the tens of thousands of dollars for a single-institution 
and/or surgeon without adverse effects on glenoid 
component radiolucency. While this number is small in 
comparison to the overall cost of the episode of care, the 
additive impact of eliminating multiple, small extraneous 
costs can lead to more cost-effective care.

This study did have some limitations. This study was 
retrospective and non-randomized. We attempted to 
control for certain confounders by demonstrating no 
differences in age, gender or implant between groups. 
Additionally, we were able to control for many technique 

variables by limiting the study to a single surgeon series 
for Group A glenoids, and a single hospital and two-
surgeon series for Group B glenoids. Unfortunately, we 
did not obtain longer-term follow-up of radiographs to 
evaluate for late radiolucent lines.  However, the objective 
of this study was to evaluate the different cementing 
techniques on the initial cement mantle observed.  Later 
radiographs would have to consider confounding factors 
of glenoid-humeral head mismatch biomechanics, 
rotator cuff function, joint-line restoration, among many 
other variables.  We did not have perfect agreement 
among reviewers for the variables we measured, 
although Group A glenoids had very high agreement 
rates (>90%) compared to Group B glenoids (60-70%). 
We attempted to alleviate this issue by including more 
reviewers and raising our threshold for a “true” finding.

Glenoid preparation is an important step prior to 
cementing and implanting an all-polyethylene, pegged 
glenoid component.  Vacuum mixing, good hemostasis, 
irrigation and cement pressurization have all been 
implicated in reducing cement-related complications 
in orthopaedic literature. In the current era of cost-
effective procedures, use of expensive products that may 
have no clinical benefit should be carefully scrutinized. 
Our study demonstrates that the addition of thrombin 
as a hemostatic agent had no effect on early glenoid 
radiolucent lines in anatomic total shoulder arthroplasty, 
and its routine use should be reconsidered.

Jason C. Ho MD1

Liam T. Kane BS1

Bernardo Nunes MD2

Gerald R. Williams MD1

Joseph A. Abboud MD1

Surena Namdari MD MSc1

1 Rothman Orthopaedic Institute, Department of 
Orthopaedic Surgery, Thomas Jefferson University 
Hospitals, Philadelphia, PA, USA
2 Sao João University Hospital, Porto, Portugal

Jul;328(328):76–85. 
4. Lazarus MD, Jensen KL, Southworth C, Matsen 3rd 

FA. The radiographic evaluation of keeled and pegged 
glenoid component insertion. J Bone Joint Surg Am. 
2002 Jul;84-A(7):1174–82. 

5. Yian EH, Werner CML, Nyffeler RW, Pfirrmann 
CW, Ramappa A, Sukthankar A, et al. Radiographic 
and computed tomography analysis of cemented 
pegged polyethylene glenoid components in total 
shoulder replacement. J Bone Joint Surg Am. 2005 
Sep;87(9):1928–36. 

6. Ho JC, Sabesan VJ, Iannotti JP. Glenoid component 

1. Denard PJ, Raiss P, Sowa B, Walch G. Mid- to long-term 
follow-up of total shoulder arthroplasty using a keeled 
glenoid in young adults with primary glenohumeral 
arthritis. Journal of Shoulder and Elbow Surgery. 
2013 Jul;22(7):894–900. 

2. McLendon PB, Schoch BS, Sperling JW, Sánchez-Sotelo 
J, Schleck CD, Cofield RH. Survival of the pegged 
glenoid component in shoulder arthroplasty: part II. 
Journal of Shoulder and Elbow Surgery. 2017;26(8). 

3. Norris BL, Lachiewicz PF. Modern cement technique 
and the survivorship of total shoulder arthroplasty. 
Clinical orthopaedics and related research. 1996 

References



GLENOID RADIOLUCENCY WITH THROMBIN PREPARATIONTHE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR
VOLUME 9. NUMBER 5. SEPTEMBER 2021

)547(

retroversion is associated with osteolysis. J Bone Joint 
Surg Am. 2013 Jun 19;95(12):e82. 

7. Walch G, Moraga C, Young A, Castellanos-Rosas J. 
Results of anatomic nonconstrained prosthesis in 
primary osteoarthritis with biconcave glenoid. J 
Shoulder Elbow Surg. 2012 Nov;21(11):1526–33. 

8. Hasan SS, Leith JM, Campbell B, Kapil R, Smith KL, 
Matsen FA. Characteristics of unsatisfactory shoulder 
arthroplasties. Journal of shoulder and elbow surgery. 
11(5):431–41. 

9. Klepps S, Chiang AS, Miller S, Jiang CY, Hazrati Y, 
Flatow EL. Incidence of early radiolucent glenoid 
lines in patients having total shoulder replacements. 
Clinical orthopaedics and related research. 2005 
Jun;NA;(435):118–25. 

10. Torchia ME, Cofield RH, Settergren CR. Total 
shoulder arthroplasty with the Neer prosthesis: 
long-term results. J Shoulder Elbow Surg. 1997 
Dec;6(6):495–505. 

11. Choi T, Horodyski M, Struk AM, Sahajpal DT, Wright 
TW. Incidence of early radiolucent lines after glenoid 
component insertion for total shoulder arthroplasty: 
a radiographic study comparing pressurized and 
unpressurized cementing techniques. Journal of 
shoulder and elbow surgery. 2013 Mar;22(3):403–8. 

12. Gross RM, High R, Apker K, Haggstrom J, Fehringer 
JA, Stephan J. Vacuum assist glenoid fixation: does 
this technique lead to a more durable glenoid 
component? Journal of shoulder and elbow surgery. 
2011 Oct;20(7):1050–60. 

13. Halawa M, Lee AJ, Ling RS, Vangala SS. The shear 

strength of trabecular bone from the femur, and some 
factors affecting the shear strength of the cement-
bone interface. Archives of orthopaedic and traumatic 
surgery Archiv fur orthopadische und Unfall-
Chirurgie. 1978 Aug 11;92(1):19–30. 

14. Majkowski RS, Miles AW, Bannister GC, Perkins J, 
Taylor GJ. Bone surface preparation in cemented joint 
replacement. The Journal of bone and joint surgery 
British volume. 1993 May;75(3):459–63. 

15. Ackland DC, Yap V, Ackland ML, Williams JF, de Steiger 
R. Pulse-Lavage Brushing Followed by Hydrogen 
Peroxide-Gauze Packing for Bone-Bed Preparation 
in Cemented Total Hip Arthroplasty: A Bovine 
Model. Journal of Orthopaedic Surgery. 2009 Dec 
1;17(3):296–300. 

16. Edwards TB, Sabonghy EP, Elkousy H, Warnock 
KM, Hammerman SM, O’Connor DP, et al. Glenoid 
component insertion in total shoulder arthroplasty: 
comparison of three techniques for drying the glenoid 
before cementation. Journal of shoulder and elbow 
surgery. 2007 May;16(3 Suppl):S107-10. 

17. Howells RJ, Salmon JM, McCullough KG. The effect of 
irrigating solutions on the strength of the cement-
bone interface. The Australian and New Zealand 
journal of surgery. 1992 Mar;62(3):215–8. 

18. Cheng CM, Meyer-Massetti C, Kayser SR. A review 
of three stand-alone topical thrombins for 
surgical hemostasis. Clinical Therapeutics. 2009 
Jan;31(1):32–41.


