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A review of the literature dating back to 1956 reveals that a minimum formalin to specimen ratio 
of 10:1 or 20:1 has long been the accepted “gold standard” for optimal tissue fixation, however 
there is no empirical evidence to support this recommendation. This 10:1 ratio has now become an 
Ontario Lab Accreditation requirement. We examined the fixation of over 65 surgical and autopsy 
specimens including breasts, colon, TME, uterus, bone, skin, prostate, mesenteric fat, liver, lung 
and kidney. We examined ratios of 16:1, 10:1, 5:1, 3:1, 2.5:1, 1:1 and took into account the 
following issues: safety, the volume of formalin required to meet various ratios, the pH of the 
formalin, the concentration of the formalin, formalin fixative vs. Tissuefix, cost, storage, handling, 
discarding, tissue staining and selected immunohistochemistry stains. We reviewed H&E staining 
on all cases. On selected tissues, PAS, Trichrome, Silver Methenamine and IHC staining for 
Vimentin, AE1-3 keratin cocktail, P63, PSA, NAPSIN, TTF1, CD10 and CD34 were examined.  
The results show that if the starting formalin concentration is 10% or higher, it does not deplete 
significantly over time. Although it is important to open large specimens and start the fixation 
process as soon as possible after devitalization; once the specimens are open a 5:1 ratio works well 
for either standard 10% formalin or Tissuefix. At lower ratios some formalin pigment production 
is present in congested tissues.   
In summary, the study demonstrates that 5:1 formalin (or Tissuefix) to specimen ratio provides 
good results and is adequate for large specimens. A 5:1 ratio would make it easier to comply with 
safety regulations and space issues than the more stringent recommendation of 10:1 that is 
embedded in histotechnology folklore.  
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Method 
Sample Selection  
• 65 specimens were examined.  
•We began with breast specimens, then included colon, total 
mesorectal excision, lung, prostate, uterus, soft tissue tumour and 
musculoskeletal specimens.  

•We looked at autopsy tissue including mesenteric fat, liver, 
prostate, lung and kidney. 

Analysis 
•We measured the volume of the specimen by volume 
displacement or by measurements converted into volume. 

•We then measured the ratio of formalin or TISSUEFIXR to 
specimen, the formalin concentration (with Reform Assay kit) prior 
to inserting fresh specimens and at 2, 24, 48, 72 and 96 hours 
(See figures 2, and 5). 

•We measured the pH at the same time intervals. We then looked 
at autopsy tissue stained with H&E and various special stains 
(Vimentin, AE13, P63, PSA, Napsin, TTF1, CD10, CD34) to 
assess fixation. 

•The literature dating back as far as 1957 recommends a formalin 
to specimen ratio of 10:1 or 20:1 for adequate fixation, however  
there is no empirical data to support this recommendation. 

•OLA Requirement for Anatomical Pathology AP002 
states “Anatomical pathology specimens shall be in a large 
enough container to accommodate the specimen and fixative 
(recommended volume 10 – 20x size)”. 

•In trying to comply with this ratio of at least 10:1 (see figures 1 
and 3) we encountered many safety and space issues. 

•Issues include the size and weight of the containers and formalin, 
storage space required, risk of a large formalin spill, discarding 
large quantities of formalin, and the cost of the formalin. 

•Purpose: This study was performed to determine if a 10:1 or 20:1 
ratio is in fact required to achieve adequate fixation of tissue or is 
it only folklore. 

•TISSUEFIXR is 13% Neutral Buffered Formalin with Methanol 
added (2%V/V) 

The study demonstrates that 5:1 formalin or TISSUEFIXR to specimen ratio 
does not show results inferior to a 10:1 standard.  This lower ratio makes it 
easier to comply with safety regulations and resolves space issues, as 
opposed to the more stringent recommendation of 10:1 that is embedded 
in Histotechnology folklore. 
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•H&E and various special stains (Vimentin, AE13, P63, PSA, Napsin, TTF1, 
CD10, CD34) were not affected with ratios of 5:1 and above for surgical 
specimens that were put into formalin as soon as possible after 
devitalization. 

•The pH of the formalin/TISSUEFIXR did not change in surgical samples but 
did decrease to 6 in many of the autopsy samples fixed in TISSUEFIXR  due 
to autolysis and low ratios used for fixation. 

•Autopsy sample staining was affected in the prostate, liver and kidney 
samples submitted – however – there was a delay in the fixation of these 
samples and a lapse between the time of death and the performance of the 
autopsy. Whereas the surgical samples were placed in formalin or 
TISSUEFIXR without delay or within 1 hour. This difference in staining and 
the presence of the formalin pigment is due to this delay and not the ratio of 
formalin. 

•Our literature review found one study that looked at samples from one 
autopsy that were all sliced thinly. It comments that “In general a ratio 
allowing good microtomy is 5:1 for the experimental conditions of fixation”. 
This same article references a literature review of 100 in which only 4 used 
volume ratios of less than 10:1, 96 were more than 10:1.  (See Reference 
8). 

•There were fewer issues with safety at the 5:1 ratio due to the lesser 
amount of formalin or TISSUEFIXR used. 

•The cost of formalin/TISSUEFIXR is less at a 5:1 ratio 

Figure 1. Photograph of 3L breast specimen and 59L size  container required to achieve a 
10:1 ratio of formalin/TISSUEFIXR to specimen 

Figure 2. Average Formalin Concentration in Surgical Specimens for Ratios 2:1 – 10:1.  
Formalin ≤ 3:1 n = 2, SD = 0.35, 0.67 and 0.49;  TISSUEFIX ≤ 3:1 n = 1, SD = 1, 0, 1.48;  Formalin 5:1 n = 1, 

SD = 0, 0, 0;  TISSUEFIX 5:1 n = 6, SD = 0.4, 0.43, 0.51; TISSUEFIX7:1 n = 4, SD = 0.5, 0.5;  Formalin 10:1 n = 
8, SD = 0.35, 0.67, 0.49;  TISSUEFIX 10:1 n = 9, SD = 0.53. 0.53. 0.64. Figure 5. Average  Formalin Concentration in Autopsy Samples in Ratios of 2:1 – 5:1.  

Formalin 3:1 n = 5, SD = 0, 0.54, 0.45;  TISSUEFIX 3:1 n = 5, SD = 0, 1.3, 2.5;  Formalin 5:1 
n = 5, SD = 0, 0.45, 0; TISSUEFIX  5:1 n = 5, SD = 0, 0.55, 0.55. 

Figure 3. Photograph showing containers ranging from 90ml to 189L.  

• As long as the concentration of the formalin/TISSUEFIXR starts higher 
than 10%, it does not deplete significantly over time with Surgical or 
Autopsy specimens in ratios of 5:1 or over. See Figures 2 and 5. Our 
formalin supplier is now ensuring that the formalin is at 10.9% to start. 

• Although it is important to open and section large specimens to 
minimize ischemic time and to start the fixation process as soon as 
possible; once the specimens are open a 5:1 ratio works well for either 
standard 10% formalin or TISSUEFIXR .  

• At lower ratios some formalin pigment production is present in 
congested tissues from autopsy samples as well as autolysis. 

• The pH of the formalin did not change in surgical or autopsy 
specimens however  the pH did drop to 6 in many of the TISSUEFIXR 
autopsy samples. 

• Surgical staining was not affected by ratios of over 5:1. 

• It is imperative for tissue to be completely submerged and surrounded 
by fixative, and it seems that this is not achieved at ratios less than 
5:1. This observation should be used as a rule of thumb for efficient 
practical application”. 

• A retrospective study on surgical specimens showed no issues 
with staining.  
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Summary of Results 

Figure 4. Comparison of the volume of formalin needed depending on the volume of the specimen for the various 
ratios of formalin. Note 1L = 1Kg  *The breast specimen in figure 1 was 3L 
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Breast measurements 32.5 x 29.0 x 11.2 cm 
Axilla measurements 11.0 x 5.5 x 2.0 cm 
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