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a b s t r a c t 

Background: Over-crowded surgical trays result in perioperative inefficiency and unnecessary costs. While 

methodologies to reduce the size of surgical trays have been described in the literature, they each have their 

own drawbacks. In this study, we compared three methods: (1) clinician review (CR), (2) mathematical program- 

ming (MP), and (3) a novel hybrid model (HM) based on surveys and cost analysis. While CR and MP are well 

documented, CR can yield suboptimal reductions and MP can be laborious and technically challenging. We hy- 

pothesized our easy-to-implement HM would result in a reduction of surgical instruments in both the laminectomy 

tray (LT) and basic neurosurgery tray (BNT) that is comparable to CR and MP. 

Methods: Three approaches were tested: CR, MP, and HM. We interviewed 5 neurosurgeons and 3 orthopedic 

surgeons, at our institution, who performed a total of 5437 spine cases, requiring the use of the LT and BNT 

over a 4-year (2017–2021) period. In CR, surgeons suggested which surgical instruments should be removed. 

MP was performed via the mathematical analysis of 25 observations of the use of a LT and BNT tray. The HM 

was performed via a structured survey of the surgeons’ estimated instrument usage, followed by a cost-based 

inflection point analysis. 

Results: The CR, MP, and HM approaches resulted in a total instrument reduction of 41%, 35%, and 38%, respec- 

tively, corresponding to total cost savings per annum of $50,211.20, $46,348.80, and $44,417.60, respectively. 

Conclusions: While hospitals continue to examine perioperative services for potential inefficiencies, surgical in- 

ventory will be increasingly scrutinized. Despite MP being the most accurate methodology to do so, our results 

suggest that savings were similar across all three methods. CR and HM are significantly less laborious and thus 

are practical alternatives. 
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Currently, there is a growing interest in the implementation of indus-

rial and business management concepts within the healthcare sector to

mprove operations [1–3] . Standardization is one such method leading

o reduced variability, increased order, increased productivity, and im-

roved safety [4] . 

Curiously, standardization of perioperative surgical operations

s not quite yet modus operandi [5–8] , despite surgical care being

ne of the major contributors to hospital expenses [9–11] , with in-

fficiency and variability being among the main culprits [10–14] .
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ecause surgical instruments comprise a significant portion of periop-

rative budgets [15–18] , surgical ‘trays’ make ideal standardization

andidates [19 , 20] . 

Commonly, surgical institutions conduct ad hoc addition of surgical

nstruments to a surgical tray without a formal analysis or review pro-

ess, and often without any regular process for the audit and removal of

ess used instruments [21] . This results in increasingly crowded surgi-

al trays, which, in addition to being economically unsustainable [22] ,

an increase error rate and decrease the percentage of instruments used,

egardless of operative procedure [15] . An example of this inefficiency

s highlighted in the literature whereby a study of 38 spine cases per-
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LT and BNT. 
ormed by orthopedic surgeons and neurosurgeons found that only 58%

f instruments were used at least once [23] . 

Different approaches have been used to standardize and optimize

ray configuration, all resulting in reduced instruments per surgical

ray [20] . Approaches relying on clinician review (CR), through the

se of surgical experts’ analyses or Lean practices, employ interviews

nd checklists, among other methods to reduce the number of instru-

ents on the surgical tray. They have been shown to result in a de-

rease in the weight of the tray [24 , 25] , a decrease in time to sterilize

nd package the instruments [22 , 24 , 25] , a decrease in operation room

OR) set-up time [21 , 26] , and a decrease in costs [21 , 23 , 25 , 27 , 28] ,

ithout compromising quality, safety, and efficiency [21 , 25 , 29–32] .

owever, CR, though pragmatic, is often procedure-specific and not

eneralizable, relying heavily on clinician input and recall, which are

articularly vulnerable to recency bias [33] . Approaches relying on

athematical programming (MP) focus on minimizing costs, and have

emonstrated similar favorable results [34–37] . Of particular inter-

st is the Newsvendor Model, a customized single-period inventory

odel, which has been shown to outperform CR [38] . The model can

imultaneously consider multiple surgical procedures, the surgeon’s

eeds, the patient’s safety, ease of tray set-up, instrument wear-and-

ear, and associated costs [38] . A major barrier to the implementa-

ion of mathematical models in surgical tray optimization is its re-

iance on labor-intensive observation data collection for each surgical

rocedure. 

In this study, we attempt to overcome these respective barriers of CR

nd MP by using a hybrid CR-MP approach (HM), in which CR interview

ata is fed into a detailed cost inflection point model, to optimize two

rays required for laminectomy procedures, the laminectomy tray (LT)

nd basic neurosurgery tray (BNT). We compare the percent reduction in

nstruments obtained by our hybrid model (HM) to a CR-only approach

nd an MP-only approach (ie, the Newsvendor model). We hypothesize

hat the HM will result in a reduction of surgical instruments in both

T and BNT that is comparable to a CR-only and MP-only approach,

reating an efficient and practical method of large-scale surgical tray

ptimization in busy surgical centers. 

ethods 

This is a quality improvement study conducted at a large academic,

evel 1 trauma center which performs over 1400 spine and neurosurgery

rocedures annually, involving the cervical, thoracic, and lumbar spine,

uch as, but not limited to, decompressions, fusions, and laminectomies.

hese procedures all require LT and BNT, which we seek to optimize us-

ng three methods of surgical tray optimization: (1) a clinician-review-

nly approach (CR), (2) a mathematical Newsvendor model (MP) re-

iant on archetypal surgical procedure observation, and (3) a hybrid

linician-review-and-mathematical-modeling approach (HM) based on

etailed cost inflection point analysis. We compare the reduction in

ray instruments resulting from each approach. Ethical approval to per-

orm the study was obtained from the institution’s Research Ethics

oard. 

linician review (CR) 

We interviewed 5 neurosurgeons and 3 orthopedic surgeons who

erformed a total of 83 different types of surgical procedures, for a

otal of 5437 surgical cases, requiring the use of the LT and/or BNT,

rom April 1, 2017, to February 15, 2021. Surgeons were to iden-

ify, globally speaking, the surgical instruments which must remain

n and those that can be removed from the LT and BNT. Then, we

sed the majority method to determine the instruments that would

emain and those that would be removed from the trays: we conser-

atively defined the majority as 50%, such that instruments which

ere deemed necessary by 4 out of the 8 surgeons would remain on

he tray. 
2 
ewsvendor model (MP) 

A trained observer attended 25 randomly selected laminectomy pro-

edures requiring both LT and BNT and noted the use of the instruments

rom each tray. Processes in the Medical Department Reprocessing De-

artment (MDRD) and the operating room (OR) were also observed to

uantify the costs of underage and overage for each instrument. Ob-

ervations were implemented in the Newsvendor model to solve for the

nstruments to be removed from each tray, as described in detail by Toor

t al. [38] . 

ybrid approach: cost-based inflection point model (HM) 

During the CR interviews, we also asked each surgeon to identify

hich instruments to remain on the trays for each type of surgical pro-

edure performed by the respective surgeon, a total of 83 different pro-

edures, including cervical, thoracic, lumbar, and thoracolumbar proce-

ures. We calculated a weighted average for the necessity of each instru-

ent based on the frequency that each procedure was performed by each

urgeon. Using the model, as described by Mhlaba et al. [39] and Toor

t al., [38] we calculate a cost-based inflection point for each instru-

ent. Instruments for which the weighted average of necessity on the

ray exceeded the cost-based point of inflection were deemed globally

ecessary for all procedures and were retained on the tray. Conversely,

nstruments for which the cost-based point of inflection exceeded the

eighted average of necessity on the tray were removed from the tray

nd peel-packed. 

In brief, the cost-based point of inflection is the ratio of the cost of

verage ( C overage ) and the cost of underage ( C underage ), such that inflec-

ion point equals C overage ÷ C underage . The cost of overage addresses the

ost incurred by having the instrument in excess on the tray when it is

ot needed. It includes the cost of reprocessing the instrument, the cost

ssociated with the contamination of the instrument, and the cost of de-

reciation of the instrument due to wear-and-tear. The cost of underage,

n the other hand, is the cost associated with not having an instrument

n the tray when it is needed. It comprises the cost of peel-packing the

nstrument, the cost of picking the peel packed instrument, and the cost

f retrieving the instrument. The costs associated with the point of in-

ection model were calculated as described in Toor et al. 2021 [38] . To

acilitate calculations, each instrument was estimated to cost $100, with

 lifetime of 10 years, taking 1.3 min to reprocess, and costing $0.50 per

inute of reprocessing. 

esults 

Table 1 summarizes the reduction of the number of surgical instru-

ents on the LT and BNT using the clinician review approach (CR),

he mathematical Newsvendor model (MP), and the hybrid cost-based

oint of inflection model (HM). Overall, as Fig. 1 illustrates, the three

pproaches yielded similar reductions in instrument numbers of 30%,

1%, and 32%, for the LT, and 11%, 14%, and 7%, for the BNT, using

R, the MP, and the HM respectively. This translates into a reduction of

ime spent reprocessing the instrument of 21, 14, and 22 days on the LT

 Fig. 2 ), and 13, 17, and 8 days on the BNT ( Fig. 2 ), using CR, MP, and

M, respectively. 

We calculated the cost savings resulting from a decreased tray size,

ue to savings in the cost of reprocessing the instruments, the cost of

he time spent reprocessing the instrument, and depreciation of the

alue of the instrument due to wear-and-tear. The annual cost sav-

ngs resulting from optimization of the LT are $30,899.20, $21,243.20,

nd $32,830.40 ( Fig. 3 ), while those for the BNT are $19,312.00,

25,105.60, $11,587.20 ( Fig. 3 ) using CR, MP, and the HM, respectively.

able 2 summarizes the cost savings following the optimization of the
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Table 1 

Reduction of the number of surgical instruments on the laminectomy tray (LT) and basic neurosurgery tray (BNT) us- 

ing the clinician review approach, the mathematical Newsvendor model, and the hybrid cost-based point of inflection 

model. 

Laminectomy tray Basic neurosurgery tray 

N° instruments (% Size reduction) N° instruments (% Size reduction) 

Preoptimization 53 91 

Clinician Review 37 (30.19%) 81 (10.99%) 

Newsvendor Model 42 (20.75%) 78 (14.29%) 

Hybrid Model 36 (32.08%) 85 (6.59%) 

Average% Size Reduction ( ± Standard Deviation) 27.67 ( ± 6.068) 10.62 ( ± 3.86) 

Fig. 1. Number of instruments on the laminectomy tray and basic neurosurgery tray pre- and postoptimization. 

Fig. 2. Annual reprocessing time (days) of laminectomy trays and basic neurosurgery trays pre- and postoptimization. 

3 
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Fig. 3. Annual cost savings (in Canadian dollars) of maintaining the laminectomy trays and basic neurosurgery trays postoptimization. The annual cost of maintaining 

laminectomy trays and basic neurosurgery trays comprises the cost of reprocessing the instruments, the cost of the time spent reprocessing the instruments, and the 

depreciation cost of each instrument. 

Table 2 

Reprocessing time saved (days) and total annual cost savings resulting from the reduction of instruments on the 

laminectomy tray (LT) and basic neurosurgery tray (BNT) following surgical tray optimization using clinician review 

approach, the mathematical Newsvendor model, and the hybrid cost-based point of inflection model. 

Time saved in reprocessing tray (days) Total annual cost savings ($) ∗ 

Laminectomy Tray Clinician Review 20.57 30,899.20 

Newsvendor Model 14.14 21,243.20 

Hybrid Model 21.85 32,830.40 

Average 18.85 28,324.27 

STDEV 4.13 6207.94 

Basic Neurosurgery Tray Clinician Review 12.86 19,312.00 

Newsvendor Model 16.71 25,105.60 

Hybrid Model 7.713 11,587.20 

Average 12.43 18,668.27 

STDEV 4.51 6782.15 

∗ In Canadian dollars. 
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Over-crowded surgical trays containing rarely-used surgical instru-

ents are economically unsustainable and reduce operational efficiency

15 , 21–23] . Clinician review and Mathematical programming are com-

on approaches to reduce the number of instruments on surgical trays,

hich have demonstrated potential to reduce the weight of trays, the

ime to reprocess instruments, operation room set-up time, and associ-

ted costs [21–32 , 34–36 , 38] . Whereas the former is vulnerable to inac-

urate clinician recall, the latter relies on cumbersome and impractical

bservational data collection. In this study, we took advantage of the

racticality of the former approach and the robustness of the latter ap-

roach by developing a hybrid model (HM) based on inflection point

ost analysis to reduce the number of instruments on the LT and the

NT used in over 5000 cases at a large academic trauma center. We

ompared the percent reduction in instruments, costs, and reprocessing

ime, from our hybrid model to a CR-only approach and an MP-only

pproach, specifically the Newsvendor model (MP). 
4 
In the CR approach, we interviewed surgeons who identified the sur-

ical instruments to retain, in general, on the LT and BNT, such that only

nstruments that were deemed necessary by 50% of surgeons were re-

ained. For the MP approach, a trained observer attended 25 randomly

elected procedures and noted the use of the instruments from each tray.

bservations were implemented in the Newsvendor model [38] to op-

imize both trays. Through our hybrid model, each surgeon identified

he necessary instruments for each procedure type performed. We then

alculated the weighted average of necessity of each instrument based

n the frequency that each procedure was performed by each surgeon.

nstruments for which the weighted average of necessity on the tray

xceeded the cost-based point of inflection were deemed globally nec-

ssary for all procedures and were retained on the tray. 

The three approaches, the CR, MP, and HM successfully decreased

he number of instruments per tray ( Table 1 , Fig. 1 ). This resulted in a

roportional reduction in annual tray reprocessing time amongst the

hree approaches ( Fig. 2 ). We also considered savings in the cost of

eprocessing the instruments, in the cost of the time spent reprocess-
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ng the instruments, and in depreciation of the value of the instrument

ue to wear-and-tear. Annual savings were again similar amongst the

hree optimization approaches, averaging $(28,324.27 ± 6207.94) and

(18,668.27 ± 6782.15) for LT and BNT, respectively ( Table 2 ). 

The CR approach allows for the expedient appraisal of each instru-

ents’ usage. However, this approach offers a rather crude estimate of

he instruments’ use as it does not consider variations in use based on

rocedure-type and the incidence of each procedure type. In addition,

he CR approach is dichotomous as it can only classify instruments as

retain ” or “remove ”, without allowing for the adjustment of multiple

ounts of the same instrument within the tray. The MP approach, on

he other hand, can solve for the optimal number of each instrument

f there are multiple counts of the same instrument within the same

ray. MP can, in theory, also account for variations in the use of each

nstrument based on procedure-type and the incidence of each proce-

ure type [38] . However, MP relies on direct, cumbersome, observa-

ions of surgical procedures, and is thus limited to a small sample of

bserved procedures. The HM, though also reliant on a dichotomous

retain/remove ” decision system, does not rely on direct observation of

rocedures; rather, it takes advantage of the surgeon’s accounts of their

se of each instrument for each procedure, whilst also considering the

requency of each procedure, to arrive at a “retain/remove ” decision in

 time-efficient manner. Therefore, the HM is endowed with the practi-

ality of CR, yet has improved accuracy as it incorporates an attenuated

ersion of MP. As such, we recommend the use of our hybrid model for

he time-efficient optimization of trays. 

onclusions 

While hospitals continue to examine perioperative services for po-

ential inefficiencies, surgical inventory will be increasingly scrutinized.

espite MP being the most accurate methodology to do so, our results

uggest that savings were similar across all three methods. CR and our

M are significantly less laborious and thus are viable alternatives. 

ummary sentence 

Despite mathematical programming being the most accurate way to

nalyze surgical inventory for potential inefficiencies, our results sug-

est that clinician review and a novel hybrid model are less laborious,

emonstrate similar savings, and are thus practical alternatives. 
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