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Abstract
Microvascular free flap reconstruction based on the subscapular system is an established and versatile method of 
reconstructing complex head and neck defects. Since the first published description in the mid-1980s, advances 
have been made to the harvest technique, positioning, use of virtual surgical planning, and endosseous implants. 
Here, the most recent literature is reviewed for innovations related to the subscapular system. Microvascular head 
and neck surgeon preferences related to the subscapular system are surveyed and discussed. The concordance 
between virtual surgical plans using scapula cutting guides and pre-contoured plates with the postoperative result 
is assessed, and novel applications of the scapula free flap are presented. Subscapular system free flaps are an 
established and essential component of the reconstructive armamentarium for head and neck defects with minimal 
limitations and low donor site morbidity.
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INTRODUCTION
Restoring form and function in head and neck surgical oncology poses special challenges to the 
reconstructive surgeon, given the local anatomic complexity underpinning the intersection of speech, 
swallowing, and breathing. The degree to which these functions are maintained and restored has a 
significant impact on post-treatment quality of life[1]. Reconstruction often necessitates microvascular free 
tissue transfer to achieve these goals. Free flaps from donor regions such as the radial forearm, fibula, iliac 
crest, anterolateral thigh, and scapula are available to the reconstructive surgeon, each providing a different 
balance of strengths and limitations when considering the optimal method for reconstructing dimensionally 
complex composite defects of the head and neck[2]. Flaps based on the subscapular system have evolved in 
terms of their design, application, and popularity since the initial description[3,4] and subsequent usage in 
head and reconstruction by Swartz in 1986[5,6]. Here, we review how the evolution of subscapular system flap 
design, developments in patient assessment and positioning, and the application of virtual surgical planning 
(VSP) have shifted perspectives on the use of free flaps based on the subscapular system in head and neck 
reconstruction. In addition to a review of the recent literature, a survey was performed to assess practice 
patterns among microvascular free flap surgeons, concordance was assessed between the VSP and 
postoperative outcome for scapula reconstruction of the mandible, and an innovative case report of utilizing 
the scapula tip for total rhinectomy reconstruction is presented to highlight recent innovation for 
subscapular system reconstruction.

METHODS
Literature review and case presentation
A review of the English language literature was performed for publications related to scapula and 
subscapular system in head and neck reconstruction using publicly available scholarly search engines 
PubMed and Google Scholar. Logical, synonymous search terms for the “subscapular system free flap” and 
“head and neck reconstruction” were utilized with an emphasis on literature published within the last 10 
years. The focus was identifying new approaches to address previously reported challenges with the 
subscapular system and new innovations and uses in head and neck reconstruction. A novel application for 
subscapular system free flaps is presented as a case presentation.

Microvascular head and neck surgeon practice patterns related to scapula free flaps
A 23-question survey of perioperative scapula free flap harvest preferences was created based on 
contemporary issues identified during the literature review. The survey was distributed in an anonymous 
fashion to head and neck microvascular surgeons who were professional contacts of the authors in the 
United States and Canada or had related publications. Qualtrics Research Suite (Provo, UT) was used for 
the survey. Survey questions are in Supplementary Material. A total of 32 responses were collected (36.4% 
response rate) and analyzed using GraphPad Prism (v9.5.1).

Concordance between virtual surgical planning and postoperative outcomes
VSP has been used for scapula reconstruction of the mandible and maxilla and includes cutting guides for 
both the mandible and the scapula bone graft as well as a custom, pre-contoured plate(s). The concordance 
between VSP and the postoperative outcome was investigated via a pilot study by overlaying the VSP model 
with a postoperative computed tomography (CT) of the neck with 1.0 mm or less slice thickness. Three 
cases were selected at random; two cases done according to the VSP and one case with a known 
intraoperative deviation from the plan. All three cases were done by the same surgeon with 5 years of 
experience performing scapula reconstruction. Outcome measures included the percent overlap between 
the plan and the postoperative outcome, the amount of bony contact between the native mandible and the 
bone graft, the amount of bony contact compared to the plan, and the maximum distance between the bone 
graft or native mandible and the pre-contoured plate.

https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202312/par10068-SupplementaryMaterials.pdf
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RESULTS
Microvascular surgeon practice pattern survey results are displayed in Figure 1A and B. One (3.1%) 
surveyed head and neck microvascular surgeon obtains a preoperative computed tomography angiography 
(CTA) to assess the vessel anatomy of the subscapular system, while the vast majority (n = 31, 96.9%) do 
not. Twelve (37.5%) feel comfortable harvesting a scapula free flap from a previously operated shoulder. 
Positioning and harvest approaches in the operating room (OR) remain varied, though a majority favor 
newer approaches. Most microvascular surgeons use a 30-degree semi-decubitus (“lazy lateral”) position in 
the OR (n = 25, 78.1%) compared to a full lateral decubitus position (n = 7, 21.9%), and approximately 60% 
do not use a spider limb positioner during harvest (n = 19, 59.4%). A majority utilize one prep and drape 
[n = 28, 87.5%; either sequential harvest (n = 21) or simultaneous harvest (n = 7)]. The preferred side to 
harvest a scapula is either the same side as the bony defect (n = 17, 53.1%) or the nondominant arm 
regardless of bony defect location (n = 14, 43.8%). No one reported aborting a scapula harvest for any 
reason.

Approaches to the subscapular system include the parascapular and thoracodorsal, with 47% (n = 15) of 
surveyed surgeons comfortable using both approaches depending on the indications of the case. Harvest of 
a thoracodorsal artery perforator (TDAP) flap for the soft tissue component is uncommon [68.8% (n = 22) 
harvest a TDAP flap 0%-25% of cases] as is harvesting two separate skin paddles [87.5% (n = 28) harvest two 
skin paddles 0%-25% of cases]. The preferred arterial supply for the bone favors using the angular artery 
(n = 19, 59%). Twelve surgeons (37.5%) will harvest up to 12 cm of scapula bone based only on the angular 
artery blood supply, while 17 surgeons (53.1%) will harvest up to 12 cm of bone based on the circumflex 
artery blood supply. None of the surveyed surgeons make three or more osteotomies in a scapula, with 
53.1% (n = 17) cutting a maximum of 1 osteotomy and 46.9% (n = 15) cutting a maximum of 2 osteotomies. 
Eighteen surgeons (56.3%) prefer green stick osteotomies compared to 14 (43.8%) who prefer closing 
osteotomies. More than half of surveyed surgeons orient the scapula horizontally for a mandible 
reconstruction (n = 18, 56.3%) compared to a vertical orientation (n = 14, 43.7%). A minority (n = 12, 37.5%) 
use VSP for scapula reconstruction of the mandible or midface.

Placement of dental implants into a scapula graft remains rare, with only six surgeons (18.8%) reporting 
experience with this. Postoperative management of the donor site varies, with 11 surgeons (34.4%) 
recommending a sling for comfort and 12 (37.5%) starting range of motion exercises immediately 
[postoperative day (POD) 0-1]. Three surgeons (9.4%) prefer to wait until POD 6-7 for range of motion 
exercises, 9 (28.1%) POD 4-5, and 8 (25%) POD 2-3. Four surgeons (12.5%) reported a brachial plexus 
injury, and seventy-five percent of the brachial plexus plexus injuries had a complete recovery.

Three random patients with the appropriate postoperative imaging were selected to assess the concordance 
between the VSP and postoperative outcome for mandible reconstruction with a scapula free flap 
[Figure 2]. The patients were selected because postoperative CT scans with slice thickness (< 1 mm) were 
available. Two patients underwent reconstruction as planned and one patient had an intraoperative 
deviation of the plan secondary to a break in the scapula graft (patient 3). The concordance was greater at 
the anterior osteotomy site (parasymphyseal area) with an overlap of 70.6%-81.3% between VSP and 
postoperative outcome compared to the posterior osteotomy site (ramus/angle area) which overlapped 
47.9%-74.8% [Table 1]. Bony contact at the anterior osteotomy was greater than 88 mm2 in all three patients 
(range 88.7-149.3 mm2), and overlapped with the VSP by 70%-101.3%. At the posterior osteotomy site, the 
bony contact was 55.6-82.1 mm2 with 42.1%-100.4% overlap. Two patients had small gaps between the bone 
graft and plate in the VSP (1.38-1.43 mm), while no gap was observed in any of the three postoperative CT 
scans.
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Table 1. Concordance between virtual surgical plan and postoperative result in mandible reconstruction with a scapula free flap

Patient 1 Patient 2 Patient 3

Overlap between VSP & postop-anterior osteotomy 76.5% 70.6% 81.3%

Overlap between VSP & postop-posterior osteotomy 74.8% 68.9% 47.9%

Bony contact-anterior osteotomy 88.7 mm2 124.8 mm2 149.3 mm2

Bony contact compared to VSP-anterior osteotomy 98.6% 70% 101.3%

Bony contact-posterior osteotomy 75.9 mm2 82.1 mm2 55.6 mm2

Bony contact compared to VSP-posterior osteotomy 100.4% 51% 42.1%

Greatest distance between plate & bone flap-VSP 0 mm 1.43 mm 1.38 mm

Greatest distance between plate & bone flap-postop 0 mm 0 mm 0 mm

VSP: virtual surgical plan.

Figure 1. Microvascular surgeon preferences for perioperative management and harvest of scapula free flaps. (A) The responses to 
yes/no survey questions are displayed in a bar graph with dark gray representing “yes” responses and light gray “no”; (B) Pie graphs 
representing percent responses to preoperative, intraoperative, and postoperative management of scapula free flaps.

Figure 2. Concordance between virtual surgical plan and postoperative scapula reconstruction. The VSP and the postoperative result 
were compared for three patients who underwent scapula reconstruction of lateral to hemi-mandibular defects. (A) The VSP 
(gray/blue) and postoperative outcome (yellow) based on CT scan were overlaid. The percent overlap was calculated for the anterior 
and posterior osteotomies; (B) The amount of bony contact at the anterior and posterior osteotomies was determined for the VSP (red) 
and postoperative outcome (yellow); (C) The maximum gap between the bone graft or native mandible and pre-contoured plate was 
compared between VSP (a) and the postoperative outcome (b). VSP: virtual surgical plan.

Case presentation
A 68-year-old woman presented with right-sided nasal dorsal squamous cell carcinoma (SCC) [Figure 3A]. 
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Figure 3. Scapula tip reconstruction of a rhinectomy defect. (A) Preoperative SCC of the right lateral nasal wall; (B) Operative scapula 
tip reconstruction with STSG. (C) One month postoperative result. SCC: squamous cell carcinoma; STSG: split-thickness skin graft.

Preoperative CT scan was obtained and virtual model generated [Figure 4A]. A rhinectomy including nasal
dorsum, nasal bone, and internal lining was planned. Reconstruction with a right-sided osteocutaneous
scapular tip positioned inferiorly was virtually planned to best recreate the nasal tip projection length
[Figure 4B]. Cutting guides for the scapular harvest were printed and sterilized to facilitate harvest. A skin
graft was placed overlying the reconstruction [Figure 3B and C], and a postoperative CT on day 5 was
completed and a model generated [Figure 4C].

DISCUSSION
The anatomy of the subscapular system is well described, though highly variable. The subscapular artery
classically arises from the axillary artery and then divides into the circumflex scapular artery and
thoracodorsal artery (TDA). The TDA gives rise to the angular branch to the tip of the scapula and branches
to the serratus anterior and latissimus dorsi muscles and perforators to the overlying skin[7] [Figure 5]. Early
experiences with this flap were based on independently rotating scapular and parascapular skin paddle
designs along the lateral border of the scapula utilizing the circumflex scapular artery and perforators for its
vascular supply with the additional option of latissimus dorsi muscle or myocutaneous paddle based off the
TDA[5,8]. The angular artery was subsequently identified as an independent and reliable blood supply to the
scapular tip[9,10], allowing further modification of the flap design. Angular artery-based pedicles allow for the
harvest of the scapular tip or the lateral border of the scapula with a longer vascular pedicle while preserving
the options for independently rotating muscle or myocutaneous paddles, resulting in a versatile, chimeric
system[11,12]. As reviewed by O’Connell et al., the mean pedicle length of the angular artery to the subscapular
artery is 14.8 cm[13], and the mean combined length of bone and angular pedicle is 27 cm[11]. The average
length of bone harvested on the angular branch has been reported as 6.2 cm[14] and 5.2 cm[11] depending on
the series, with cadaveric studies suggesting that the angular artery could supply a segment of scapular bone
up to 20 cm in total length[13,15]. Early reports of osteocutaneous scapular flaps harvested on the circumflex
scapular artery describe the successful use of the lateral border with the scapular tip to reconstruct the angle
of the mandible without the use of osteotomies[5], as well as the harvest of 14.5 cm of bone with multiple
osteotomies[8]. In the experience of our survey respondents [Figure 1], a significant cohort of surgeons
report success in harvesting up to 12 cm of lateral scapula bone based on either the angular artery or
circumflex scapular artery, highlighting the versatility of the subscapular system for flap reconstruction. A
persistent contraindication to osseous flaps of the subscapular system is the desired number of
osteotomies[16]. Length and osteotomy limitations can prevent the scapula from being used for large
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Figure 4. Virtual surgical planning for total nasal reconstruction. (A) Preoperative staging CT scan; (B) Virtual surgical plan using the 
scapula tip supplied by angular artery to reconstruct the rhinectomy defect; (C)Postoperative day five CT scan. CT: computed 
tomography.

Figure 5. Subscapular system vascular anatomy. (A) Vascular anatomy of the subscapular system pedicle; (B) Muscle and bone 
anatomy in relationship to the pedicle; (C) Vascular anatomy of the subscapular system after the latissimus dorsi muscle with skin soft 
tissue paddle has been excised and rotated superiorly.
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mandible defects such as angle-to-angle defects. None of the surgeons surveyed would cut more than two 
osteotomies in a scapula bone. In addition, the majority prefer green stick osteotomies. These preferences 
reflect the understanding that there are few perforators to the scapula bone; therefore, the number of bone 
cuts is limited to preserve the vascular supply. However, the literature on this is limited, and further 
research should be done on postoperative outcomes comparing osteotomy techniques.

The arterial pattern of the subscapular system-with the subscapular artery classically arising from the third 
section of the axillary artery and subsequently dividing into the circumflex and thoracodorsal arteries-is the 
primary factor enabling the harvest of free tissue with a chimeric or “megaflap” design. Microvascular 
surgeons commonly encounter variations in vascular anatomy among patients during flap harvest. 
Unexpected variability in arterial anatomy is especially pertinent in the context of chimeric flap design, as 
deviations in arterial anatomy may preclude the harvest of multiple, independently vascularized 
components arising from a single vascular pedicle. For example, the effective absence of a subscapular artery 
due to the TDA arising separately from the first or second part of the axillary artery has been reported[17-19]. 
Cadaveric series report the frequency of an absent common subscapular trunk between 3.3% and 19%[20-22]. 
Recent studies based on CTAs of the chest by Imaue et al. and Barrett et al. evaluating 39 and 200 
subscapular arterial systems, respectively, report the absence of a common subscapular trunk in 
approximately 20% of the analyzed arterial systems in each of their respective cohorts[23,24]. Cadaveric studies 
focusing on the angular branch have reported up to six variants in branch patterns with respect to the 
location of the origin of the angular artery relative to other branches from the TDA. The most common 
variations are the angular branch arising from the serratus anterior branch or the TDA itself[22,25,26]. 
Additional variants include the angular branch arising from a trifurcation of branches and of multiple 
angular arteries [Figure 6]. In addition, there are anecdotal reports of an absent or diminished angular 
artery[13]. Vessel-depleted necks present additional challenges to the reconstructive surgeon where the 
geometry and number of available recipient vessels may demand both maximal pedicle length and the 
chimeric flap design to converge on a single pedicle/anastomosis. These constraints limit the surgeon’s 
ability to make effective real-time modifications to the anticipated flap design when unexpected aberrations 
in the vascular anatomy are encountered. The high rate of subscapular system vascular pedicle variations 
and the accuracy of assessing the subscapular system anatomy with a CTA highlights the potential benefit of 
preoperative vascular assessment in complex, salvage cases where maximal pedicle length and use of a single 
anastomosis are critical elements of the reconstructive plan[24]. Despite the benefits of a preoperative CTA to 
assess vessel anatomy, currently, only 3% of surveyed microvascular surgeons obtain a CTA prior to 
surgery.

The quality of the donor vessels related to atherosclerosis presents an area of uncertainty in microvascular 
reconstruction, and here, the subscapular system demonstrates a relative advantage, especially compared to 
the fibula free flap. Histologic examination of flap-feeding vessels demonstrates less severe atherosclerotic 
changes to the circumflex scapular artery compared to the peroneal artery. Greater than 95% of the vessel 
wall changes observed in the circumflex scapular artery were Class II (thickened intima) and III 
(calcification and progressive plaque) compared to approximately 70% Class III and IV (florid plaques and 
necrosis) in the peroneal artery[27]. Notably, Barret et al. found no CTA evidence of atherosclerotic disease in 
their analysis of 200 subscapular arterial systems-even in patients with atherosclerotic disease affecting other 
vessels[24]. This contemporary finding corroborates the historical observation that atherosclerotic disease 
appears to spare the subscapular system[13], providing an advantage to the use of the subscapular system in 
patients with a heavy burden of vascular disease.
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Figure 6. Angular artery variants. (A) Harvest of a scapula tip and lateral border with three angular branches identified; (B) Harvest of a 
scapula tip and lateral border with two angular branches identified.

A strength of the scapula free flap is the versatility of the bone and soft tissue components that can be 
harvested as individual components or together into a chimeric free flap that can serve as an alternative to 
multiple free flaps in large defect cases[11,28,29]. As a result, the spectrum of complex head and neck surgical 
defects-including cutaneous, composite oral cavity, midface, and oropharynx-can be reconstructed with the 
subscapular system. In addition to bone grafts harvested based on either the circumflex scapular artery or 
the angular artery, there are diverse options related to the soft tissue component of the free flap. The 
circumflex scapular artery supplies scapular and parascapular fasciocutaneous flaps, while the TDA gives 
rise to myocutaneous perforators through the latissimus dorsi muscle. If desired, the thoracodorsal 
perforator can be dissected through the latissimus dorsi muscle to harvest a fasciocutaneous flap without 
muscle (TDAP). Interestingly, in the cohort of surveyed head and neck microvascular surgeons [Figure 1], 
relatively few harvested a TDAP fasciocutaneous skin paddle regardless of whether the reconstruction was 
osseous or soft tissue only. This may be due to the relatively thin latissimus dorsi muscle that does not 
significantly add flap bulk or concerns related to large skin paddle perfusion. In addition, relatively few 
surveyed surgeons harvested two separate skin paddles, possibly because multiple skin paddles are not 
frequently required or because of the limitations to simultaneous harvest when multiple skin paddles are 
desired. However, these practice trends need to be interpreted with caution due to the low survey response 
rate.

The original descriptions of subscapular system flaps and early application of these flaps in head and neck 
reconstruction utilized a lateral decubitus harvesting technique, which requires an intraoperative position 
change with redraping of the relevant surgical sites[7,22]. This has been a historic disadvantage of the 
subscapular system, given the additional time, resources, and challenges involved in intraoperative 
repositioning[22]. Subsequent modifications to this technique adopted a 45- or 30-degree supine semi-
decubitus (“lazy lateral”) position and later included the incorporation of limb retraction devices to 
eliminate the need for a second assistant for the sole purpose of limb retraction[11,30-32]. These modifications 
have allowed for flap harvest concurrent with either part of or the entirety of the extirpative portion of the 
operation without any increase in positioning-related complications[31]. A technique for harvest of the 
scapular flap in a fully supine position with concurrent partial ablation has also been described[33]. These 
refinements have resulted in the increased frequency of the parallel, two-team approach when utilizing the 
subscapular system for harvest[34,35]. Simultaneous tumor extirpation and scapula flap harvest results in a 
37.9% reduction in operative time and no difference in positive margin rates, free flap compromise, or 
patient-reported outcomes[36]. A survey of operative preferences for head and neck microvascular surgeons 
reflects this innovation, as the majority have adopted a single prep and drape with the use of a 30-degree 
semi-decubitus position. A statistically significant reduction in operative time is also reported with the use 
of the spider limb positioner compared to the use of a second assistant for limb positioning[37]. Despite the 
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documented advantage in the literature, only 40.6% (n = 13) of surveyed surgeons utilize a spider limb 
positioner, with one potential barrier being the cost of the device[31]. Finally, it is also reported that prior 
shoulder surgery should be considered a possible contraindication to the use of a scapula free flap, but 
37.5% of surveyed surgeons feel comfortable harvesting in a previously operated field with no reports of 
aborted cases [Figure 1].

Decreased donor site morbidity, compared to a fibula flap, is a strength of the subscapular system[38,39]. 
Activities of daily living are not significantly impacted in patients undergoing scapula free flap 
reconstruction[29,40] (with the exception of physical quality of life impairments as measured by the UW-QoL 
physical domain)[38]. Disabilities of the arm, shoulder, and hand (DASH) questionaries completed 10-14 
months after surgery had a mean score of 21.74 ± 7.30, which is significantly higher than a normal 
population but still lies within the very mild to mild rating of donor site morbidity[41]. Patients mobilize 
earlier in the hospital, which may benefit elderly patients or those with baseline mobility issues[16,40,42]. 
Patients undergoing subscapular system reconstruction had similar decision regret compared to patients 
with fibula free flap reconstruction[38]. Patients are also more satisfied with the scar compared to other donor 
sites[13]. Suturing the remaining serratus anterior to teres muscles combined with physical therapy can 
minimize shoulder morbidity[13]. Despite the original recommendation for 4-10 days of shoulder 
immobilization[5,8], postoperative immobilization of the shoulder is not needed, and a minority of surgeons 
have patients wear a sling for comfort in the postoperative period. here is a range of when mobility exercises 
are implemented in the postoperative period, and the impact of timing of mobilization on recovery remains 
an area of opportunity for further study. A perhaps underreported potential complication is an injury to the 
brachial plexus, either from positioning or arm retraction[13]. Cadaver studies demonstrate four different 
relationships between the subscapular artery and the brachial plexus with varying degrees of risk of injury 
with subscapular artery dissection[23]. Four surgeons (12.5%) reported having a brachial plexus injury, with a 
75% recovery rate. Surgeons should consider discussing this potential complication during preoperative 
counseling.

VSP has impacted applications of the subscapular system and operative time. The percentage of 
simultaneous tumor resection and flap harvest increases with the use of VSP because there is a 
predetermined defect which decreases overall operative time[33]. VSP for scapula reconstruction of the 
mandible and midface has gained momentum, and VSP has been progressively applied to scapula 
reconstruction with increasing success[43,44]. Despite this, less than 40% of surveyed surgeons report utilizing 
VSP for scapular reconstruction. Again, this may be a result of the low response rate and should be 
interpreted within that context. Prior virtual analysis has examined the benefits of a horizontally vs. 
vertically positioned scapula for various mandibular defects[45]. One aspect where VSP can be particularly 
useful is determining which orientation of the scapula bone graft most closely matches the natural angles of 
the mandible. Based on comparisons between the mandibular ramus, body, and symphyseal angles and the 
scapular protuberance, body, and tip angles, a vertically positioned scapula is ideal for mandibular body and 
ramus defects, while a horizontally positioned scapula is better for anterolateral defects[45]. Similar 
advantages in terms of subunit reconstruction and ideal anatomic positioning have been demonstrated in 
the use of VSP for midface reconstruction[46]. Based on this study’s survey results, the microvascular 
surgeon’s preference for horizontal vs. vertical orientation of the scapula bone is relatively evenly divided 
(56.3% vs. 43.7% respectively), which is surprising since the literature indicates that a horizontal scapula is 
only ideal for reconstruction of the mandibular symphysis[45]. Studies examining nonunion and hardware 
exposure with or without VSP have not delineated between scapula orientation and would be an interesting 
future area of research.
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The versatility of the scapula, combined with advances in VSP, provides opportunities for greater 
reconstructive applications. Here, the authors presented a rhinectomy reconstructed with the scapular tip 
preplanned with VSP. A limitation of VSP is that it does not account for the soft tissue component of a 
scapula free flap reconstruction. Soft tissue thickness on the bone graft may impact the fit of the scapula 
cutting guides and subsequently affect the degree of bony contact at osteotomy sites and how well the 
postoperative result matches the original VSP. In addition, the scapula bone graft is cut and removed from 
the back, followed by shaping and osteotomies with the scapula cutting guide on the back table vs. placing 
the guide on the scapula tip/lateral border while still in continuity in the back. These “real-life” scenarios 
pose the question of how similar the postoperative outcomes are to the original VSP. This was explored by 
looking at the concordance between three cases [Table 1]. The anterior osteotomy at the mandible body or 
parasymphysis demonstrated high concordance with VSP (70.6%-81.3%) and high bony contact (70%-
101.3%) even in a case where significant deviation from the plan was necessary (patient 3). These findings 
are likely due in part to the increased bone thickness at the mandibular body/parasymphysis combined with 
the use of the lateral border of the scapula, which also has increased bone thickness, for the anterior 
apposition. There was decreased concordance (47.9%-74.8%) and bony contact (42.1%-100.4%) at the 
posterior osteotomy site at the mandibular angle/ramus. This was especially evident in the case of a plan 
deviation for patient 3. The posterior osteotomy is likely more sensitive to intraoperative plan adjustments 
because of the thinner bone at both the ramus and scapula tip. There were no gaps identified between bone 
appositions, which is important because gaps > 1 mm have been associated with higher rates of 
nonunion[47]. It would be interesting to study what the minimum amount of bony contact is for bony union 
to continue advancing the application and outcomes of VSP. Finally, two plans demonstrated minor gaps 
between the bone graft and pre-contoured plate, which were not seen on the postoperative scans. It has 
been previously shown that a plate-to-bone gap < 1 mm is associated with a reduced risk of plate 
exposure[48]. Nonlocking, bone screws were used to fixate the plate to the scapula bone graft, and the ability 
of the screws to bend the plate to the bone likely reduced the plate-to-bone gap to 0 mm compared to the 
plan. The cases included in this pilot study were all performed by the same surgeon within the first 5 years 
of their practice. Experience with mandible reconstruction and VSP could impact the results, and a large, 
multi-institutional study should be performed to assess the benefits and challenges of VSP with scapula free 
flap reconstruction.

A significant limitation to the scapula free flap is the low rates of dental rehabilitation with endosseous 
implants, and controversy surrounds this topic[35,49]. Prior to the popularization of shorter and narrower 
contemporary implants, 7-10 mm was considered the minimum bone height for implantation and cadaveric 
studies raised concern that certain patients-particularly females-would not have adequate scapula bone 
stock[50]. Indeed, it is reported that a subset of patients reconstructed with a scapular flap required additional 
bone grafting from the iliac crest at the time of dental implantation to achieve adequate bone stock[51]. In 
contrast, a number of retrospective reviews demonstrate that patients selected to receive osseointegrated 
dental implants into bony subscapular system free flaps (both tip and lateral border) have rates of success 
equal to other bony flaps more commonly rehabilitated with dental implantation[52-55]. The available data do 
not indicate whether a greater proportion of patients who undergo scapular reconstruction remain ineligible 
for dental implantation. This controversy and uncertainty is supported by our survey data, with less than 
20% of microvascular surgeons placing endosseous implants into scapula bone flaps [Figure 1]. This is an 
area that demands further study as optimal speech, mastication, and swallowing rely on dental 
rehabilitation.
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CONCLUSION
Microvascular reconstruction based on the subscapular system is now a routine part of head and neck
reconstruction. Addressing prior limitations to this flap, including positioning concerns and long OR times,
has led to its increased utilization. Overall, employing the scapula for reconstruction offers numerous
benefits and few drawbacks, primarily limited osteotomies and a lack of extensive experience with
endosseous implants being the only major concerns. Progress in VSP has enhanced the precision of
reconstruction and enabled novel applications. This review of the state of scapula reconstruction has
identified key areas where additional research will help advance head and neck reconstruction involving the
scapula free flap.
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